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This three-dimensional diagram, called a “Waaler surface,” illus-
trates how height and weight are related to the risk of both poor
health and mortality. Its nature and uses are explained in nontech-
nical language in Chapter 2. Waaler surfaces were first proposed by
Hans Waaler (National Institute of Public Health, Oslo) in 1984 and
realized by John Kim (Center for Population Economics, University
of Chicago) in various articles written or published in the late
1980s and early 1990s. Constructed by Grigoriy Abramov (Center for
Population Economics, University of Chicago).
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Preface

The frontispiece to this volume is a mathematical representation
of the relationship between human physiology and longevity.

It is emblematic of the enormous advances in the health and wealth
of people over the past 300 years. It is also emblematic of the vast
increase in humankind’s control over the environment and of the
scientific, industrial, biomedical, and cultural revolutions that are
the foundations for that control.

These advances are aptly described by the term “technophysio
evolution,” which was coined to describe the unique nature of hu-
man progress since 1700. During these three centuries there has
been a fifty-fold increase in the average incomes of the peoples of
the United States and Japan and comparable increases in the lead-
ing countries of Western Europe. The peoples of these countries
have greatly improved their health and more than doubled their
longevity.

Technophysio evolution and its implications are the central
themes of this volume. The term describes the complex interaction
between advances in the technology of production and improve-
ments in human physiology. The interaction is synergistic, which

xv
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means that the total effect is greater than the sum of its parts. This
interaction between technological and physiological improvements
has produced a form of evolution that is not only unique to hu-
mankind but unique among the 7,000 or so generations of human
beings who have inhabited the earth. Although the process has
been experienced only by the last ten generations of humankind, it
is still ongoing. Technophysio evolution is likely not only to accel-
erate during the twenty-first century, but also to have a much more
far-reaching impact on the poor countries of the world than it has
had to date.

This book is based on the McArthur Lectures that I delivered
at Cambridge University in November 1996. In those lectures I
sought to summarize my own research into the synergy between
improvements in productive technology and in human physiology
during the past three centuries. I also sought to place that work
in the context of the revolution in biodemography, including his-
torical demography, that began shortly after World War II and has
continued down to the present day.

This volume differs from the McArthur Lectures in two respects.
First, I have omitted one highly technical lecture that focused on
problems of measuring the contribution of various factors to im-
provements in nutrition, health, and longevity. Some of these issues
are discussed in Chapters 2 and 3 in a manner that makes them ac-
cessible to general readers. Second, I have added two chapters.

Chapter 4 deals with the crises in financing health care and
retirement brought about by increases in longevity and the rapid
growth in the demand for health care services in both rich and
poor nations. In this connection, I evaluate the debate over whether
advances in biotechnology will save the current national health care
systems, many of which are teetering on the brink of insolvency.

Chapter 5 surveys the evidence and debates bearing on the
equity of health care, both within nations and internationally. Im-
mediately after World War II, many nations sought to establish
national services that would provide complete health care to every-
one. More recently, public authorities have shifted their emphasis
to guaranteeing “essential” health care. The distinction between
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universal and essential health care is evaluated, as are debates over
the optimal mix of private and government components of health
services. Problems of preserving equity created by an increasing
reliance on the private sector are considered.

The share of health care in national incomes has been rising in
both rich and poor nations. This development has created alarm
among public officials and some academic analysts. The alarm
is unwarranted because the rising consumption of health care is
driven by popular demand. In the pages that follow, I argue that
health care is the growth industry of the twenty-first century. It will
promote economic growth through its demand for high-tech prod-
ucts, skilled personnel, and new technologies, just as electrification
spurred economic growth during the first half of the twentieth cen-
tury. To achieve that potential it will, however, be necessary to
reform some aspects of the system of the financing of health care
that are not well suited to current needs.
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1

The Persistence of Misery in Europe
and America before 1900

The twentieth century saw major improvements in the human
condition, not only in the rich countries of the world but also

in developing nations. Nothing has been more remarkable, how-
ever, than the extension of life expectancy, which has increased
by about 30 years since 1900 in England, France, and the United
States and in equal or larger amounts in such countries as India,
China, and Japan. Among the nations of the Third World, the rate
of improvement has been nearly twice as fast as among the nations
in the Organization for Economic Cooperation and Development
(OECD) (see Table 1.1).

What is responsible for this unanticipated extension of human
life? That question has occupied some of the best minds of the past
century in both the social sciences and the biomedical sciences,
and it is also the central question of these chapters. The drive to
explain the secular decline in mortality did not begin until about
World War I because it was uncertain before that time whether such
a decline was in progress. There was little evidence in the first four
official English life tables covering the years 1831–80 of a down-
ward trend in mortality. Although the signs of improvement in life

1



2 the escape from hunger and premature death, 1700–2100

Table 1.1 Life Expectancy at Birth in Seven Nations, 1725–2100
(both sexes combined)

1725 1750 1800 1850 1900 1950 1990 2050? 2100?

England 32 37 36 40 48 69 76
or UK

France 26 33 42 46 67 77
U.S. 50 51 56 43 48 68 76 (87) (98)
Egypt 42 60
India 27 39 59
China 41 70
Japan 61 79

Sources: For England 1725–1850: Wrigley and Schofield 1981; 1900: average of figures
for 1896 and 1905 in Case et al. 1962. For France 1750: computed from Tables 13 and 14
for 1740–49 in Blayo 1975a, p. 140; for 1800, 1850, and 1900: Bourgeois-Pichat 1965,
pp. 504–5 (figures for 1805–7, 1850–52, and 1900–2). For the United States 1725–1850: Fo-
gel 1986, p. 511 (males only; shifted to e0

o using Coale and Demeny 1966, West life tables);
for 1900: Bell, Wade, and Goss 1992. For India 1900: Carr-Saunders 1964 (figure is for
1931). For all countries 1950: Keyfitz and Flieger 1990; for 1990: World Bank 1990, 1992.
Figures in parentheses for 2050 and 2100 are projections for these years based on the
analysis of Oeppen and Vaupel (2002).

expectancy became more marked when the fifth and sixth tables
were constructed, covering the 1880s and 1890s, few epidemiol-
ogists or demographers recognized that England was in the midst
of a secular decline in mortality that had begun about the second
quarter of the eighteenth century and that would more than dou-
ble life expectancy at birth before the end of the twentieth century.
During the last decade of the nineteenth century and the early years
of the twentieth century, attention was focused not on the small de-
cline in aggregate mortality, but on the continuing large differen-
tials between urban and rural areas, between low- and high-income
districts, and among different nations.1

The improvements in life expectancy between 1900 and 1920
were so large, however, that it became obvious that the changes
were not just a random perturbation or cyclical phenomenon. Sim-
ilar declines recorded in the Scandinavian countries, France, and
other European nations made it clear that the West, including
Canada and the United States, had attained levels of survival far
beyond previous experience and far beyond those that prevailed
elsewhere in the world.2
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The drive to explain the secular decline in mortality pushed
research in three directions. Initially, much of this effort revolved
around the construction of time series of birth and death rates that
extended as far back in time as possible in order to determine just
when the decline in mortality began. Then, as data on mortality
rates became increasingly available, they were analyzed in order
to determine factors that might explain the decline as well as to
establish patterns or laws that would make it possible to predict
the future course of mortality.

Somewhat later, efforts were undertaken to determine the re-
lationship between the food supply and mortality rates. Between
the two world wars, the emerging science of nutrition focused on a
series of diseases related to specific nutritional deficiencies. In 1922
shortages in vitamin D were shown to cause rickets. In 1933 thi-
amine deficiency was identified as the cause of beriberi, and in 1937
inadequate niacin was shown to cause pellagra.3 Although the en-
ergy required for basal metabolism (the energy needed to maintain
vital functions when the body is completely at rest) had been es-
timated at the turn of the century, it was not until after World
War II that estimates of caloric requirements for specific activi-
ties were worked out. During the three decades following World
War II, research in nutritional sciences conjoined with new find-
ings in physiology to demonstrate a previously unknown synergy
between nutrition and infection and to stimulate a series of stud-
ies, still ongoing, of numerous and complex routes through which
nutrition affects virtually every vital organ system.4

The effort to develop time series of mortality rates also took an
enormous leap forward after World War II. Spurred by the develop-
ment of high-speed computers, historical demographers in France
and England developed new time series on mortality from bap-
tismal and burial records that made it possible to trace changing
mortality from 1541 in the case of England and from 1740 in the
case of France.5

Two other critical sources of data became available during the
1970s and 1980s. One was food-supply estimates that were de-
veloped in France as a by-product of the effort to reconstruct
the pattern of French economic growth from the beginning of the
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Industrial Revolution. Once constructed, the agricultural accounts
could be converted into estimates of the output of calories and
other nutrients available for human consumption through a tech-
nique called “National Food Balance Sheets.” Such estimates are
currently available for France more or less by decade from 1785
down to the present. In Great Britain the task of reconstructing
the growth of the food supply was more arduous, but estimates of
the supply of food are now available by half century from 1700 to
1850 and by decade for much of the twentieth century.6

The other recent set of time series pertains to physique or body
builds – height, weight, and other anthropometric (bodily) mea-
sures. The systematic recording of information on height was ini-
tially an aspect of the development of modern armies, which be-
gan to measure the height of recruits as early as the beginning of
the eighteenth century in Sweden and Norway and the middle of the
eighteenth century in Great Britain and its colonies such as those
in North America. The measurement of weight did not become
widespread in armies until the late 1860s, after the development of
platform scales. However, there are scattered samples of weights
that go back to the beginning of the nineteenth century. During
the 1960s and 1970s, recognition that data on body builds were
important indicators of health and mortality led to the system-
atic recovery of this information by economic and social historians
seeking to explain the secular decline in mortality.7

These rich new data sources supplemented older economic time
series, especially those on real wages (which began to be con-
structed late in the nineteenth century) and real national income
(which were constructed for OECD nations mainly between 1930
and 1960). These new sources of information about human wel-
fare, together with advances in nutritional science, physiology, de-
mography, and economics, form the background for these chapters.
Before plunging into my own analysis and interpretation of this
evidence, however, I want to summarize the evolution of thought
about the causes of the secular decline in mortality.

Between the late 1930s and the end of the 1960s a consensus
emerged on the explanation for the secular trend. A United Nations
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study published in 1953 attributed the trend in mortality to four
categories of advances: (1) public health reforms, (2) advances in
medical knowledge and practices, (3) improved personal hygiene,
and (4) rising income and standards of living. A United Nations
study published in 1973 added “natural factors,” such as the de-
cline in the virulence of pathogens, as an additional explanatory
category.8

A new phase in the effort to explain the secular decline in mor-
tality was ushered in by Thomas McKeown, who, in a series of
papers and books published between 1955 and the mid-1980s,
challenged the importance of most of the factors that previously
had been advanced for the first wave of the mortality decline. He
was particularly skeptical of those aspects of the consensus expla-
nation that focused primarily on changes in medical technology
and public health reforms. In their place he substituted improved
nutrition, but he neglected the synergism between infection and
nutrition and so failed to distinguish between diet and nutrients
available for cellular growth. McKeown did not make his case for
nutrition directly but largely through a residual argument after
having rejected other principal explanations. The debate over the
McKeown thesis continued through the beginning of the 1980s.9

However, during the 1970s and 1980s, it was overtaken by the
growing debate over whether the elimination of mortality crises
was the principal reason for the first wave of the mortality decline,
which extended from roughly 1725 to 1825.

The systematic study of mortality crises and their possible link
to famines was initiated by Jean Meuvret in 1946. Such work was
carried forward in France and numerous other countries on the ba-
sis of local studies that made extensive use of parish records. By the
early 1970s, scores of such studies had been published covering the
period from the seventeenth through the early nineteenth centuries
in England, France, Germany, Switzerland, Spain, Italy, and the
Scandinavian countries. The accumulation of local studies pro-
vided the foundation for the view that mortality crises accounted
for a large part of total mortality during the early modern era, and
that the decline in mortality rates between the mid-eighteenth and
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mid-nineteenth centuries was explained largely by the elimina-
tion of these crises, a view that won widespread if not universal
support.10

Only after the publication of death rates based on large repre-
sentative samples of parishes for England and France did it become
possible to assess the national impact of crisis mortality on total
national mortality. Figure 1.1 displays the time series that emerged
from these studies. Analyses of these series confirmed one of the im-
portant conclusions derived from the local studies: Mortality was
far more variable before 1750 than afterward. They also revealed
that the elimination of crisis mortality, whether related to famines
or not, accounted for only a small fraction of the secular decline
in mortality rates. About 90 percent of the drop was due to the
reduction of “normal” mortality.11

In discussing the factors that had kept past mortality rates high,
the authors of the 1973 United Nations study of population noted
that “although chronic food shortage has probably been more
deadly to man, the effects of famines, being more spectacular, have
received greater attention in the literature.”12 Similar points were
made by several other scholars, but it was not until the publication
of the Institut national d’études démographiques data for France
and the E. A. Wrigley and R. S. Schofield data for England that
the limited influence of famines on mortality became apparent. In
chapter 9 of the Wrigley and Schofield volume, Ronald Lee demon-
strated that although there was a statistically significant lagged re-
lationship between large proportionate deviations in grain prices
and similar deviations in mortality, the net effect on mortality after
five years was negligible.13 Similar results were reported in studies
of France and the Scandinavian countries.14

The current concern with the role of chronic malnutrition in
the secular decline of mortality does not represent a return to the
belief that the entire secular trend in mortality can be attributed to
a single overwhelming factor. Specialists currently working on the
problem agree that a range of factors is involved, although they
have different views on the relative importance of each factor. The
unresolved issue, therefore, is how much each of the various factors



the persistence of misery in europe and america before 1900 7

0

10

20

30

40

50

1500 1600 1700 1800 1900 2000

Time

CDR

0

10

20

30

40

50

1500 1600 1700 1800 1900 2000

Time

CDR

(a)

(b)

Figure 1.1 Secular Trends in Mortality Rates in England and France.
(a) England 1541–1975. (b) France 1740–1974.

Note: CDR = crude death rate, which is computed as the total deaths in a given year
divided by the midyear population and multiplied by 1,000. Each diagram shows
the scatter of annual death rates around a 25-year moving average. On sources and
procedures, see Fogel 1992, notes to Table 9.1.
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contributed to the decline. Resolution of the issue is essentially an
accounting exercise of a particularly complicated nature that in-
volves measuring not only the direct effect of particular factors but
also their indirect effects and their interactions with other factors.
I now consider some of the new data sources and new analytical
techniques that have recently been developed to help resolve this
accounting problem.15

The Dimensions of Misery during the Eighteenth
and Nineteenth Centuries

It is now clear that although the period from the middle of the eigh-
teenth century to the end of the nineteenth has been hailed justly
as an industrial revolution, as a great transformation in social or-
ganization, and as a revolution in science, these great advances
brought only modest and uneven improvements in the health, nu-
tritional status, and longevity of the lower classes before 1890.
Whatever contribution the technological and scientific advances of
the eighteenth and nineteenth centuries may have made ultimately
to this breakthrough, escape from hunger and high mortality did
not become a reality for most ordinary people until the twentieth
century.

This point can be demonstrated by looking first at the amount of
food available to the typical worker in England and France during
the eighteenth and early nineteenth centuries. Because at that time
food constituted between 50 and 75 percent of the expenditures
of laboring families, improvement in the conditions of their lives
should have been evident in their diets. However, Table 1.2 shows
that the energy value of the typical diet in France at the start of
the eighteenth century was as low as that of Rwanda in 1965,
the most malnourished nation for that year in the tables of the
World Bank. England’s supply of food per capita exceeded that of
France by several hundred calories but was still exceedingly low by
current standards. Indeed, as late as 1850, the English availability
of calories hardly matched the current Indian level.
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Table 1.2 Secular Trends in the Daily
Caloric Supply in France and Great Britain,
1700–1989 (calories per capita)

Year France Great Britain

1700 2,095
1705 1,657
1750 2,168
1785 1,848
1800 2,237
1803–12 1,846
1845–54 2,480
1850 2,362
1909–13 2,857
1935–39 2,975
1954–55 2,783 3,231
1961 3,170
1965 3,355 3,304
1989 3,465 3,149

Source: Fogel, Floud, and Harris, n.d.

The supply of food available to ordinary French and English
families between 1700 and 1850 was not only meager in amount
but also relatively poor in quality. In France between 1700 and
1850, for example, the share of calories from animal foods was
less than half of the modern share, which is about one-third in rich
nations. In 1750 about 20 percent of English caloric consumption
was from animals. That figure rose to between 25 and 30 percent
in 1750 and 1800, suggesting that the quality of the English diet in-
creased more rapidly than that of the French during the eighteenth
century. However, although the English were able to increase their
diet in bulk, its quality subsequently diminished, with the share of
calories from animals falling back to 20 percent in 1850.16

One implication of these low-level diets needs to be stressed:
Even prime-age males had only a meager amount of energy avail-
able for work. By work I mean not only the work that gets counted
in national income and product accounts (which I will call “NIPA
work”), but also all activity that requires energy over and above
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baseline maintenance. Baseline maintenance has two components.
The larger component is the basal metabolic rate (or BMR), which
accounts for about four-fifths of baseline maintenance. It is the
amount of energy needed to keep the heart and other vital organs
functioning when the body is completely at rest. It is measured
when an individual is at complete rest, about 12 to 14 hours after
the last meal.17 The other 20 percent of baseline maintenance is
the energy needed to eat and digest food and for vital hygiene. It
does not include the energy needed to prepare a meal or to clean
the kitchen afterward.

It is important to keep in mind that not all goods and ser-
vices produced in a society are included in the NIPA. When the
NIPA were first designed in the early 1930s, they were intended to
measure mainly goods and services traded in the market. It was,
for example, recognized that many important contributions to the
economy, such as the unpaid labor of housewives, would not be
measured by the NIPA. However, the neglect of nonmarket activi-
ties was to a large extent made necessary by the difficulty in measur-
ing them given the quantitative techniques of the time. Moreover,
with a quarter of the labor force unemployed in 1932, Congress was
most concerned about what was happening to market employment.
It was also assumed that the secular trend in the ratio of market
to nonmarket work was more or less stable. This last assumption
turned out to be incorrect. Over time, NIPA work has become
a smaller and smaller share of total activities. Furthermore, we
now have the necessary techniques to provide fairly good estimates
of nonmarket activities. Hence in these chapters I will attempt to
estimate the energy requirements of both market and nonmarket
work.

Dietary energy available for work is a residual. It is the amount
of energy metabolized (chemically transformed for use by the body)
during a day, less baseline maintenance. Table 1.3 shows that in
rich countries today, around 1,800 to 2,600 calories of energy are
available for work to an adult male aged 20–39. Note that calories
for females, children, and the aged are converted into equivalent
males aged 20–39, called “consuming units,” to standardize the age
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Table 1.3 A Comparison of Energy Available for Work
Daily per Consuming Unit in France, England and Wales,
and the United States, 1700–1994 (in kcal)

(1) (2) (3)
Year France England and Wales United States

1700 720 2,313a

1705 439
1750 812
1785 600
1800 858
1840 1,810
1850 1,014
1870 1,671
1880 2,709
1944 2,282
1975 2,136
1980 1,793
1994 2,620

a Prerevolutionary Virginia.

Source: Fogel, Floud, and Harris, n.d.

and sex distributions of each population. This means that if females
aged 15–19 consume on average 0.78 of the calories consumed
on average by males aged 20–39, they are considered 0.78 of a
male aged 20–39, insofar as caloric consumption is concerned, or
78 percent of a consuming unit.

During the eighteenth century, France produced less than one-
fifth of the current U.S. amount of energy available for work.
Once again, eighteenth-century England was more prolific, pro-
viding more than a quarter of current levels, a shortfall of well
over 1,000 calories per day. Only the United States provided en-
ergy for work equal to or greater than current levels during the
eighteenth and early nineteenth centuries.

When interpreting Table 1.3, it should not be assumed that work
actually performed on a given day was always exactly equal to the
ingested energy not used for maintenance. Work on any day can
exceed or fall short of the amount allowed by the residual. If actual
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work requirements fall short of that made possible by the residual,
the unused energy will be stored in the body as fat. If actual work
exceeds the residual, the body will provide the energy from fat
stores or from lean body mass. Among impoverished populations
today, work during busy seasons is often sustained by drawing on
the body’s stores of energy and then replenishing these stores during
slack seasons. However, when such transactions are large, they
can be a dangerous way of providing the energy needed for work.
Although the body has a mechanism that tends to spare the lean
mass of vital organs from such energy demands, the mechanism
is less than perfect and some of the energy demands are met from
vital organs, thus undermining their functioning.

Some investigators concerned with the link between chronic
malnutrition and morbidity and mortality rates during the eigh-
teenth and nineteenth centuries have focused only on the harm
done to the immune system. The now famous table of nutrition-
sensitive infectious diseases published in Hunger and History in
1983 stressed the way that some infectious diseases are exacerbated
by the undermining of the immune system.18 Unfortunately, some
scholars have misinterpreted this table, assuming that only the out-
come of a narrow list of so-called nutritionally sensitive infectious
diseases is affected by chronic malnutrition. Both the prevalence
and mortality rates of chronic diseases, such as congestive heart
failure, can be affected by seriously impairing the physical func-
tioning of the heart muscles, the lungs, the gastrointestinal tract,
or some other vital organ systems other than the immune system.
I will return to this issue in subsequent chapters.

An important implication of Table 1.2 needs to be made ex-
plicit. Today the typical American male in his early thirties is about
177 cm (69.7 inches) tall and weighs about 78 kg (172 pounds).
Such a male requires daily about 1,794 calories for basal meta-
bolism and a total of 2,279 calories for baseline maintenance.19 If
either the British or the French had been that large during the eigh-
teenth century, virtually all of the energy produced by their food
supplies would have been required for maintenance, and hardly
any would have been available to sustain work. The relatively small
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Table 1.4 Estimated Average Final Heights (cm) of Men Who
Reached Maturity between 1750 and 1975 in Six European
Populations, by Quarter Centuries

(1)
Date of
Maturity by (2)
Century Great (3) (4) (5) (6) (7)
and Quarter Britain Norway Sweden France Denmark Hungary

1. 18-III 165.9 163.9 168.1 169.1
2. 18-IV 167.9 166.7 163.0 165.7 167.2
3. 19-I 168.0 166.7 164.3 165.4 166.7
4. 19-II 171.6 168.0 165.2 166.8 166.8
5. 19-III 169.3 168.6 169.5 165.6 165.3
6. 20-III 175.0 178.3 177.6 174.3 176.0 170.9

Sources and notes: Lines 1–5: Great Britain: all entries were computed from data in Floud,
Wachter, and Gregory 1990. Norway: Floud 1984a, who cites Kiil 1939. Kiil estimated the
height of recruits who were age 18.5 in 1761 at 159.5 cm, to which I added 4.4 cm to obtain
the estimated final height 163.9 for 18-III. Sweden: Sandberg and Steckel 1987, Table 1.
Decades straddling quarter centuries were given one-half the weight of decades fully within
a quarter century. France: rows 3–5 were computed from von Meerton 1989 as amended by
Weir 1993, with 0.9 cm added to allow for additional growth between age 20 and maturity
(Gould 1869: 104–5; cf. Friedman 1982, p. 510 n. 14). The entry for row 2 is derived from
a linear extrapolation of von Meerton’s data for 1815–36 back to 1788, with 0.9 cm added
for additional growth between age 20 and maturity. Denmark: the entries are from Floud
1984a, who reported data analyzed by H. C. Johansen in 1982 and communicated privately.
Hungary: all entries are from Komlos 1989, Table 2.1, p. 57. Line 6: the entry for Great
Britain is from Rona, Swan, and Altman 1978, Table 3. The entries for Norway, Sweden,
and Denmark are from Chamla 1983, Tables VII, XII, and XIV. Norwegian and Swedish
heights are for 1965, Danish heights are for 1964. The entries for France and Hungary are
from Eveleth and Tanner 1976, p. 284 (cf. p. 277).

food supplies available to produce the national products of these
two countries about 1700 suggest that the typical adult male must
have been quite short and very light.

This inference is supported by data on stature and weight that
have been collected for European nations. Table 1.4 provides es-
timates of the final heights of adult males who reached maturity
between 1750 and 1975. It shows that during the eighteenth and
nineteenth centuries, Europeans were severely stunted by modern
standards (cf. line 6 of Table 1.4).



14 the escape from hunger and premature death, 1700–2100

Table 1.5 A Comparison of the Average Daily Uses of Dietary
Energy in England and Wales in 1700 and 1800 (all lines in
millions of calories, except line 3)

(3)
(1) (2) 1700
1800 1700 Counterfactual

1. Total daily dietary energy consumed 20,509 11,470 9,718
(production plus net imports)

2. Energy used to produce agricultural output 871 913 777
3. Energy productivity in agriculture 20.4 12.5 12.5

(the output/input ratio of dietary energy)
4. Energy consumed in the agricultural sector 7,731 6,804 7,042
5. Energy consumed outside of the 12,778 4,666 2,676

agricultural sector
6. Energy used to produce nonagricultural 1,684 683 0

output

Note: The numerator of the output/input ratio in line 3 excludes imported calories. This
table supersedes Table 5 in Fogel 1997.

Source: Fogel, Floud, and Harris, n.d.

Could the English and French of the eighteenth century have
coped with their environment without keeping average body
size well below what it is today? How Europeans of the past
adapted their size to accommodate their food supply is shown by
Table 1.5, which compares the average daily consumption of calo-
ries in England and Wales in 1700 and 1800 by two economic
sectors: agriculture and everything else. Within each sector the es-
timated amount of energy required for work is also shown. Line 3
presents a measure of the efficiency of the agricultural sector in
the production of dietary energy. That measure is the number of
calories of food output per calorie of work input.20

Column 1 of the table presents the situation in 1800, when
calories available for consumption were quite high by prevail-
ing European standards (about 2,933 calories per consuming unit
daily), when adult male stature made the British the tallest national
population in Europe (about 168 cm or 66.1 inches at maturity) and
relatively heavy by the prevailing European standards, averaging
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about 61.5 kg (about 136 pounds) at prime working ages, which
implies a body mass index (BMI) of about 21.8. The BMI, a mea-
sure of weight standardized for height, is computed as the ratio of
weight in kilograms to height in meters squared. Food was rela-
tively abundant by the standards of 1800 because, in addition to
substantial domestic production, Britain imported about 13 per-
cent of its dietary consumption. However, as column 1 indicates,
British agriculture was quite productive. English and Welsh farm-
ers produced over 20 calories of food output (net of seeds, feed,
inventory losses, etc.) for each calorie of their work input. About
44 percent of this output was consumed by the families of the
agriculturalists.21

The balance of their dietary output, together with some food
imports, was consumed by the nonagricultural sector, which con-
stituted about 64 percent of the English population in 1801.22 Al-
though food consumption per capita was about 6 percent lower in
this sector than in agriculture, most of the difference was explained
by the greater caloric demands of agricultural labor. Food was so
abundant compared to France that even the English paupers and
vagrants, who accounted for about 20 percent of the population
c.1800, had about three times as much energy for begging and other
activities beyond maintenance as did their French counterparts.23

The food situation was tighter in 1700, when only about
2,724 calories were available daily per consuming unit. The adjust-
ment to the lower food supply was made in three ways. First, the
share of dietary energy made available to the nonagricultural sector
in 1700 was a third lower than was the case a century later. That
constraint necessarily reduced the share of the labor force of 1700
engaged outside of agriculture. Second, the amount of energy avail-
able for work per equivalent adult worker was lower in 1700 than
in 1800, both inside and outside agriculture, although the shortfall
was somewhat greater for nonagricultural workers. Third, the en-
ergy required for basal metabolism and maintenance was lower in
1700 than in 1800 because people were smaller. Compared with
1800, adult heights of males in 1700 were down by 3 cm, their BMI
was about 21 instead of 22, and their weights were down by about



16 the escape from hunger and premature death, 1700–2100

4 kg. Constriction of the average body size reduced the number of
calories required for maintenance by 105 calories per consuming
unit daily.

The last figure may seem rather small. However, it accounts for
half of the total shortfall in daily caloric consumption.24 That fig-
ure is large enough to sustain the proposition that variations in
body size were a principal means of adjusting the population to
variations in the food supply. The condition for a population to be
in equilibrium with its food supply at a given level of consump-
tion is that the labor input (measured in calories of work) is large
enough to produce the requisite amount of food (also measured in
calories). Moreover, a given reduction in calories required for main-
tenance will have a multiplied effect on the number of calories that
can be made available for work in the national income sense. The
multiplier is the inverse of the labor force participation rate (work-
ers per person in the population). Since only about 35 percent of
equivalent adults were in the labor force, the potential daily gain in
calories for NIPA work was not 105 calories per equivalent adult
worker but 300 calories per equivalent adult NIPA worker.25

The importance of the last point is indicated by considering
columns 2 and 3 of Table 1.5. Column 2 shows that the daily total
of dietary energy used for NIPA work in 1700 was 1,596 million
calories, with 913 million expended in agriculture and the bal-
ance in nonagriculture. Column 3 indicates what would have hap-
pened if all the other adjustments had been made but body size
remained at the 1800 level, so that maintenance requirements were
unchanged. The first thing to note is that energy available for food
production would have declined by 15 percent. Assuming the same
input/output ratio and amount of imports, the national supply of
dietary energy would have declined to 9,718 million calories, of
which over 70 percent would have been consumed within the agri-
cultural sector. The residual available for nonagriculture would
not even have covered the requirements of that sector for basal
metabolism, leaving zero energy for NIPA work in nonagriculture.
In this example, the failure to have constrained body size would
have reduced the energy for NIPA work by about 51 percent.26
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Figure 1.2 Trend in Mean Final Height of Native-Born White Amer-
ican Males and Trend in Their Life Expectancy at Age 10.
Sources: Fogel 1986; Costa and Steckel 1997.

Note: Height is by birth cohort, and life expectancy at age 10 is by period.

Varying body size was a universal way that the chronically mal-
nourished populations of Europe responded to food constraints.
However, even the United States, which was awash in calories
compared with Europe, suffered from serious chronic malnutri-
tion, partly because the high rate of exposure to infectious diseases
prevented many of the calories that were ingested from being me-
tabolized and partly because of the large share of dietary energy
expended in NIPA work.

Figure 1.2 summarizes the available data on U.S. trends in
stature (which is a sensitive indicator of the nutritional status and
health of a population) and in life expectancy since 1720. Both
series contain striking cycles. They both rise during most of the
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eighteenth century, attaining substantially greater heights and life
expectancies than prevailed in England during the same period.
Life expectancy began to decline during the 1790s and continued
to do so for about half a century. A new rise in heights, the one
with which we have long been familiar, probably began with co-
horts born during the last decade of the nineteenth century and
continued down to the present.27

Figure 1.2 reveals not only that Americans achieved modern
heights by the middle of the eighteenth century, but also that they
reached levels of life expectancy not attained by the general pop-
ulation of England or even by the British peerage until the first
quarter of the twentieth century.

Similar cycles in height appear to have occurred in Europe. For
example, Swedish heights declined by 1.4 cm between the third
and fourth quarters of the eighteenth century. Hungarian heights
declined more sharply (2.4 cm) between the third quarter of the
eighteenth century and the first quarter of the nineteenth century.
There also appears to have been regular cycling in English final
heights (heights at maturity) throughout the nineteenth century, al-
though the amplitude of these cycles was more moderate than those
of the United States or Hungary. A second height decline, which
was accompanied by a rise in the infant mortality rate, occurred in
Sweden during the 1840s and 1850s.28

This evidence of cycling in stature and mortality rates during the
eighteenth and nineteenth centuries in both Europe and America is
puzzling to some investigators. The overall improvement in health
and longevity during this period is less than might be expected from
the rapid increases in per capita income indicated by national in-
come accounts for most of the countries in question. More puzzling
are the decades of sharp decline in height and life expectancy, some
of which occurred during eras of undeniably vigorous economic
growth.29

The prevalence of meager diets in much of Europe, and the cy-
cling of stature and mortality even in a country as bountiful in
food as the United States, shows how persistent misery was down
almost to the end of the nineteenth century and how diverse were
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the factors that prolonged misery. It is worth noting that during the
1880s Americans were slightly shorter than either the English or
the Swedes, but a century earlier the Americans had had a height
advantage of 5 to 6 cm over both groups. This conflict between vig-
orous economic growth and very limited improvements or reversals
in the nutritional status and health of the majority of the popula-
tion suggests that the modernization of the nineteenth century was
a mixed blessing for those who lived through it. However, the in-
dustrial and scientific achievements of the nineteenth century were
a precondition for the remarkable achievements of the twentieth
century, including the unprecedented improvements in the condi-
tions of life experienced by ordinary people.



2

Why the Twentieth Century
Was So Remarkable

Research during the past two decades has produced significant
advances in the description and explanation of the secular

decline in mortality. Although many of these findings are still ten-
tative, they suggest a new theory of evolution that Dora Costa
(an economist and biodemographer at MIT) and I call “techno-
physio evolution.” Studies of the causes of the reduction in mortal-
ity point to the existence of a synergism between technological and
physiological improvements that has produced a form of human
evolution that is biological but not genetic, rapid, culturally trans-
mitted, and not necessarily stable.1 This process is still ongoing in
both rich and developing countries. In the course of elaborating
this theory, thermodynamic and physiological aspects of economic
growth will be defined, and their impact on economic growth rates
will be discussed.

Unlike the genetic theory of evolution through natural selec-
tion, which applies to the whole history of life on earth, techno-
physio evolution applies only to the past 300 years of human his-
tory and particularly to the past century.2 Despite its limited scope,

20
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technophysio evolution appears to be relevant to forecasting likely
trends over the next century or so in longevity, the age of onset
of chronic diseases, body size, and the efficiency and durability of
vital organ systems. It also has a bearing on such pressing issues of
public policy as the growth in population, in pension costs, and in
health care costs.

The theory of technophysio evolution rests on the proposition
that during the past 300 years, particularly during the past century,
human beings have gained an unprecedented degree of control over
their environment – a degree of control so great that it sets them
apart not only from all other species, but also from all previous gen-
erations of Homo sapiens. This new degree of control has enabled
Homo sapiens to increase its average body size by over 50 percent
and its average longevity by more than 100 percent since 1800,
and to greatly improve the robustness and capacity of vital organ
systems.

Figure 2.1 helps to point up how dramatic the change in the
control of the environment after 1700 has been. During its first
200,000 or so years, Homo sapiens increased at an exceedingly
slow rate. The discovery of agriculture about 11,000 years ago
broke the tight constraint on the food supply imposed by a hunt-
ing and gathering technology, making it possible to release between
10 and 20 percent of the labor force from the direct production of
food and also giving rise to the first cities. The new technology of
food production was so superior to the old one that it was pos-
sible to support a much higher rate of population increase than
had existed prior to c. 9000 b.c. Yet, as Figure 2.1 shows, the ad-
vances in the technology of food production after the second Agri-
cultural Revolution (which began about a.d. 1700) were far more
dramatic than the earlier breakthrough, since they permitted the
population to increase at so high a rate that the line of population
appears to explode, rising almost vertically. The new technologi-
cal breakthroughs in manufacturing, transportation, trade, com-
munications, energy production, leisure-time services, and medical
services were in many respects even more striking than those in
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Note: There is usually a lag between the invention (I) of a process or a machine and its
general application to production. “Beginning” (B) usually means the earliest stage
of this diffusion process.

agriculture. Figure 2.1 emphasizes the huge acceleration in both
population and technological change during the twentieth century.
The increase in the world’s population between 1900 and 1990
was four times as great as the increase during the whole previous
history of humankind.
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The Relationship between Body Size and the Risk
of Death at Middle and Late Ages

Although Figure 2.1 points to changes in technology that permit-
ted a vast increase in population, it does not reveal a connection
between technological changes and physiological benefits. To get
at that question, we need to consider a number of recent studies
that have demonstrated the predictive power of height and body
mass with respect to morbidity and mortality at later ages. The re-
sults of two of these studies are summarized in Figures 2.2 and 2.3.
Figure 2.2 plots the relationship between relative mortality risk
and height found by Hans Waaler among Norwegian men aged
40–59 measured in the 1960s and among Union Army veterans
measured at ages 23–49 and at risk between ages 55 and 75.3

Short men, whether modern Norwegians or nineteenth-century
Americans, were much more likely to die than tall men. Height

Relative
Risk
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Figure 2.2 Relative Mortality Risk among Union Army Veterans and
among Modern Norwegian Males.
Note: A relative risk of 1.0 means that the risk at that height was equal to the average
risk of death in the entire population of males of the specified ages. Also note that the
tallest data point, in both the Norwegian and Union Army cases, is not statistically
significant.
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Figure 2.3 Comparison of Relative Mortality Risk by BMI among
Men 50 Years of Age, Union Army Veterans around 1900 and Modern
Norwegians.
Source: Reprinted from Costa and Steckel 1997, p. 54, with the permission of The
University of Chicago Press. c© 1997 by the National Bureau of Economic Research.

Note: In the Norwegian data, BMI for 79,084 men was measured at ages 45–49, and
the period of risk was 7 years. BMI of 550 Union Army veterans was measured at ages
45–64, and the observation period was 25 years.

has also been found to be an important predictor of the relative
likelihood that men aged 23–49 would have been rejected by the
Union Army during 1861–65 because of chronic diseases.4 Despite
significant differences in ethnicity, environmental circumstances,
the array and severity of diseases, and time, the functional rela-
tionship between height and relative risk is strikingly similar in the
two cases.5

Waaler has also studied the relationship in Norway between
body mass, measured by BMI, and the risk of death.6 A curve sum-
marizing his findings for men aged 45–49 is shown in Figure 2.3.
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The curve for Union Army veterans measured at ages 45–64 and
followed for 25 years is also shown in Figure 2.3. Among both
modern Norwegians and Union Army veterans, the curve is rela-
tively flat within the range 22–28, with the relative risk of mortality
hovering close to 1.0. However, at BMIs of less than 22 and over 28,
the risk of death rises quite sharply as BMI moves away from its
mean value.

It is important to understand that, as used in this discussion,
“risk” or “risk of death” refers to the likelihood of dying during
any defined period of time; the risk period in Figure 2.4, for ex-
ample, is 18 years. Mortality risk is most commonly presented as
the crude death rate (CDR). In this diagram, a relative risk of 1.0
is the average risk of dying in the population as a whole over all
heights and weights (i.e., the average crude death rate – the total
deaths during a year divided by the midyear population). Greater
or lower risks that vary with height and weight are all expressed
relative to the average risk in the population as a whole. For ex-
ample, a relative risk of 2.0 means having a risk that is twice the
average CDR.

Although Figures 2.2 and 2.3 are revealing, they are not suffi-
cient to shed light on the debate over whether moderate stunting
impairs health when weight-for-height is adequate. To get at the
“small-but-healthy” issue, one needs an iso-mortality surface that
relates the risk of death to height and weight simultaneously.
Such a surface is presented as a three-dimensional diagram in the
frontispiece. For some purposes, it is more convenient to represent
a three-dimensional surface in two dimensions, as is done in
topographical maps. Such a two-dimensional surface, presented in
Figure 2.4, was fitted to Waaler’s data. Figure 2.4 combines three
different types of curves. The solid curves are iso-mortality risk
curves, each of which traces out all the combinations of height
and weight that represent a given level of risk. Transecting the
iso-mortality map is a set of iso-BMI curves, represented by dashed
lines. Each iso-BMI curve is the locus of all of the combinations
of height and weight that yield a specific level of BMI, ranging from
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Harris, n.d. This figure supersedes versions that have appeared previously.
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16 to 34. The heavy black curve running through the minimum
point of each iso-mortality curve gives the weight that minimizes
risk at each height.

Figure 2.4 shows that even when body weight is maintained at
what Figure 2.3 indicates is an “ideal” level (BMI = 25), short men
are at substantially greater risk of death than tall men. Figure 2.4
also shows that the ideal BMI varies with height. A BMI of 25 is
ideal for men in the neighborhood of 176 cm (69 inches), but for
tall men the ideal BMI is between 22 and 24, while for short men
(under 168 cm or 66 inches) the ideal BMI is about 26.7

Superimposed on Figure 2.4 are rough estimates of heights and
weights in France at four dates. In 1705 the French probably
achieved equilibrium with their food supply at an average height of
about 161 cm (63 inches) and a BMI of about 18. Over the next 290
years the food supply expanded with sufficient rapidity to permit
both the height and the weight of adult males to increase. Figure 2.4
implies that while factors associated with height and weight jointly
explain virtually all of the estimated decline in French mortality
rates over the period between c. 1785 and c. 1867, they explain
only about 35 percent of the decline in mortality rates between
c. 1867 and c. 1967.8

The analysis in this section points to the misleading nature of
the concept of subsistence as Malthus originally used it and as it
is still widely used today. Subsistence is not located at the edge of
a nutritional cliff, beyond which lies demographic disaster. Rather
than one level of subsistence, there are numerous levels at which
a population and a food supply can be in equilibrium in the sense
that they can be indefinitely sustained. However, some levels will
have smaller people and higher normal mortality than others.9

The Relevance of Waaler Surfaces for Predicting
Trends in Chronic Diseases

Poor body builds increased vulnerability to diseases, not just
contagious diseases but chronic diseases as well. This point is
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significant.

demonstrated by Figure 2.5, which shows that chronic conditions
were much more frequent among short young men than among
tall men in the U.S. National Health Interview Surveys (NHIS)
for 1985–88. Virtually the same functional relationship between
stature and chronic diseases was found in the 1860s among young
adult and middle-aged men examined by the surgeons of the Union
Army. Stunting during developmental ages had a long reach and
increased the likelihood that people would suffer from chronic dis-
eases at middle and late ages.10

American males born during the second quarter of the nine-
teenth century were not only stunted by today’s standards, but
their BMIs at adult ages were about 10 percent lower than current
U.S. levels (see Figure 2.6).11 The difference in average BMI be-
tween adult males today and those born in the nineteenth century
widened with age, perhaps because of the accumulated effects of
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differences in nutritional intake and physical activity and because
of the increased prevalence of chronic conditions at older ages
(see Figure 2.6). The implication of combined stunting and low
BMI is brought out in Figure 2.7, which presents a Waaler surface
for morbidity estimated by John Kim (1993) from NHIS data for
1985–88 that is similar to the Norwegian surface for mortality (see
Figure 2.4).

Figure 2.7 also presents the coordinates in height and BMI of
Union Army veterans who were 65 or over in 1910 and of veterans
(mainly of World War II) who were the same ages during 1985–88.
These coordinates imply that increases in height and BMI should
have led to a decline of about 35 percent in the prevalence of chronic
diseases between the two cohorts.12
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Table 2.1 Comparison of the Prevalence of Chronic Conditions
among Union Army Veterans in 1910, Veterans in 1983 (Reporting
Whether They Ever Had Specific Chronic Conditions), and
Veterans in NHIS, 1985–88 (Reporting Whether They Had Specific
Chronic Conditions during the Preceding 12 Months), Aged 65
and Above, Percentages

1910 Union Age-Adjusted NHIS
Army 1983 1983 1985–88

Disorder Veterans Veterans Veterans Veterans

Musculoskeletal 67.7 47.9 47.2 42.5
Digestive 84.0 49.0 48.9 18.0

Hernia 34.5 27.3 26.7 6.6
Diarrhea 31.9 3.7 4.2 1.4

Genitourinary 27.3 36.3 32.3 8.9
Central nervous, 24.2 29.9 29.1 12.6

endocrine,
metabolic,
or blood

Circulatorya 90.1 42.9 39.9 40.0
Heart 76.0 38.5 39.9 26.6
Varicose veins 38.5 8.7 8.3 5.3
Hemorrhoidsb 44.4 7.2

Respiratory 42.2 29.8 28.1 26.5

Notes: Prevailing rate of Union Army veterans are based on examinations by physicians.
Those for the 1980s are based on self-reporting. Comparison of the NHIS rates with
those obtained from physicians’ examinations in NHANES II indicates that the use of
self-reported health conditions does not introduce a significant bias into the comparison.
See Fogel, Costa, and Kim 1993 for a more detailed discussion of possible biases and their
magnitudes.
a Among veterans in 1983, the prevalence of all types of circulatory diseases will be under-
estimated because of underreporting of hemorrhoids.
b The variable indicating whether the 1983 veterans ever had hemorrhoids is unreliable.

Source: Fogel, Costa, and Kim 1993.

This exercise is consistent with what actually occurred.13

Table 2.1 compares the prevalence of chronic diseases among Union
Army men aged 65 and over in 1910 with two surveys of veterans
of the same ages in the 1980s.14 That table indicates that mus-
culoskeletal and respiratory diseases were 1.6 times as prevalent,
heart disease was 2.9 times as prevalent, and digestive diseases
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were 4.7 times as prevalent among veterans aged 65 or over in
1910 as in 1985–88. Young adults born between 1822 and 1845
who survived the deadly infectious diseases of childhood and ado-
lescence were not freer of degenerative diseases than persons of
the same ages today, as some have suggested, but were more af-
flicted. Hernia rates at ages 35–39, for example, were more than
three times as high in the 1860s as in the 1980s. Of special note
is the much higher incidence of clubfoot in the 1860s – a birth
anomaly that suggests that the uterus was far less safe for those
awaiting birth than it is today. The provisional findings thus sug-
gest that chronic conditions were far more prevalent throughout
the life cycle for those who reached age 65 before World War I than
is suggested by the theory of the epidemiological transition.15 Re-
liance on cause-of-death information to characterize the epidemi-
ology of the past has led to a significant misrepresentation of the
distribution of health conditions among the living. It has also pro-
moted the view that the epidemiology of chronic diseases is more
separate from that of contagious diseases than now appears to be
the case.

What is the basis for the predictive capacity of Waaler surfaces
and curves? Part of the answer resides in the realm of human physi-
ology. Variations in height and weight appear to be associated with
variations in the chemical composition of the tissues that make up
these organs, in the quality of the electrical transmission across
membranes, and in the functioning of the endocrine system and
other vital systems.

Research in this area is developing rapidly, and some of the new
findings have yet to be confirmed. The exact mechanisms by which
malnutrition and trauma in utero or in early childhood are trans-
formed into organ dysfunctions are still unclear. What is agreed
upon is that the basic structure of most organs is laid down early,
and it is reasonable to infer that poorly developed organs may break
down earlier than well-developed ones.16 The principal evidence so
far is statistical and, despite agreement on certain specific dysfunc-
tions, there is no generally accepted theory of cellular aging. Much
of this evidence is described in Chapter 3.
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Thermodynamic and Physiological Factors
in Economic Growth

So far, I have focused on the contribution of technological change to
physiological improvements. However, the process has been syner-
gistic, with improvements in nutrition and physiology contributing
significantly to the process of economic growth and technological
progress.

I alluded to the thermodynamic contribution to economic
growth when I pointed out that individuals in the bottom 20 per-
cent of the caloric distributions of France and England near the
end of the eighteenth century lacked the energy for sustained work
and were effectively excluded from the labor force. Moreover, even
those who participated in the labor force had only relatively small
amounts of energy for work.

Since the first law of thermodynamics applies as much to hu-
man engines as to mechanical ones, it is possible to use energy cost
accounting to estimate the increase in energy available for work
over the past two centuries. In the British case the thermodynamic
factor explains 30 percent of the British growth rate since 1790.17

The increase in the amount of energy available for work had two
effects. It raised the labor force participation rate by bringing into
the labor force the bottom 20 percent of consuming units of 1790
who had, on average, only enough energy for a few hours of slow
walking. Moreover, for those in the labor force, the intensity of
work per hour has increased because the number of calories avail-
able for work each day increased by about 50 percent.18

The physiological factor pertains to the efficiency with which
the human engine converts energy input into work output. Changes
in health, in the composition of diet, and in clothing and shelter
can significantly affect the efficiency with which ingested energy is
converted into work output. Reductions in the prevalence of infec-
tious diseases increase the proportion of ingested energy available
for work both because of savings in the energy required to mobilize
the immune system and because the capacity of the gut to absorb
nutrients is improved, especially as a consequence of a reduction



34 the escape from hunger and premature death, 1700–2100

in diarrheal diseases. Thermodynamic efficiency has also increased
because of changes in the composition of the diet, including the
shift from grains and other foods with high fiber content to sugar
and meats. These dietary changes raised the proportion of ingested
energy that can be metabolized (increased the average value of the
“Atwater Factors,” to use the language of nutritionists). Improve-
ments in clothing and shelter have also increased thermodynamic
efficiency by reducing the amount of energy lost through the radi-
ation of body heat.19

Moreover, individuals who are stunted but otherwise healthy at
maturity will be at an increased risk of incurring chronic diseases
and of dying prematurely. In other words, when considered as work
engines, they wear out more quickly and are less efficient at each
age. The available data suggest that the average efficiency of the
human engine in Britain increased by about 53 percent between
1790 and 1980. The combined effect of the increase in dietary
energy available for work, and of the increased human efficiency in
transforming dietary energy into work output, appears to account
for about 50 percent of the British economic growth since 1790.20

Making Economic Sense of the Conflicts between
Economic and Biomedical Measures of Inequality

As already noted, traditional economic measures of the standard
of living, such as per capita income and indexes of real wages,
sometimes conflict with biomedical measures such as stature, BMI,
and life expectancy. What are we to make of a situation in which
real wages were rising, as apparently occurred in England during
the last three quarters of the nineteenth century, while working-
class heights and BMI remained at relatively low levels, showing
little increase over half a century? How should we characterize
conditions of workers in the United States between 1820 and 1860
if real wages were generally constant or rising, sometimes quite
rapidly, but heights and life expectancy were decreasing?21 During
an era in which 50 to 75 percent of the income of workers was spent
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on food, is it plausible that the overall standard of living of workers
was improving if their nutritional status and life expectancy were
declining? Although these questions are not yet resolved, they are
now being vigorously investigated.22 It may be fruitful to consider
some of the new issues about the course of the standard of living
and their implications for the measurement of inequality that are
suggested by the anthropometric and demographic data.

If cholera and other diseases that afflicted the United States
during the nineteenth century were acts of God, unrelated to the
functioning of the economic system, they would pose no special
problem for the resolution of the standard-of-living controversy.
However, economic growth, the spread of disease, and the con-
comitant increase in morbidity and mortality rates were intricately
intertwined. Not only was internal migration responsible for as
much as 50 percent of the increase in measured per capita in-
come during the antebellum era,23 it was also a principal factor
in the spread of cholera, typhoid, typhus, malaria, dysentery, and
other major killer diseases of the era.24 Increasing population den-
sity, another concomitant of economic growth, also increased the
prevalence of various diseases, raising the level of malaria, enteric
diseases, and diseases of the respiratory system.25

The increase in mortality between 1790 and 1860, therefore,
indicates that a downward adjustment is necessary even if wage
rates in high-disease localities fully reflected the extra wage com-
pensation (which economists refer to as a “bribe”) that workers
demanded for the increased risks of living in these areas, since na-
tional income accounting procedures treat the bribe as an increase
in national income when it is merely a cost of production. Different
ways of correcting estimates of the unmeasured cost of mortality,
and of adjusting the national income accounts accordingly, are dis-
cussed in the notes. They show that much of what appears to have
been a rise in real wages between 1790 and 1860 is spurious, and
that the apparent growth in average real wages over these years
needs to be reduced by at least 40 percent.26

So far, I have stressed that measures of per capita income
exaggerate economic growth because they fail to remove costs
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of production from the measure of real income. This point is
akin to Simon Kuznets’s correction of national income for wages
paid to police because crime is not a benefit but a cost of urban
production.27 However, even when average real wages are appro-
priately adjusted, the bearing of this line of argument on the mea-
surement of trends in inequality during the nineteenth century is
obscure because we lack the detail needed to correct the variations
of income among wage earners as well as between wage income
and other types of income. The veil is lifted somewhat, however,
if we switch from the conventional economic measures of inequal-
ity to the biomedical measures. Data on life expectancy in Great
Britain reveal that although the life expectancy of the lower classes
remained constant or declined in some localities during much of
the nineteenth century, the life expectancy of the upper classes rose
quite sharply. From the beginning of the Industrial Revolution to
the end of the nineteenth century, the gap in life expectancy be-
tween the upper and lower classes increased by about 10 years.
Similarly, the gap in stature between the upper and lower classes
appears to have increased between the end of the Napoleonic wars
and the beginning of the twentieth century.28

In other words, the biomedical data suggest that the disparity
between the upper and lower classes increased during much if not
most of the nineteenth century. This is a different finding than cal-
culations based on income distributions, which suggest that during
most of the nineteenth century the inequality of the English income
distribution remained constant. After considering the discrepan-
cies between the traditional economic measures and the biomedi-
cal measures, I lean toward the conclusion that for the nineteenth
century the biomedical measures are more laden with economic in-
formation than the traditional economic measures, at least where
assessing secular trends in inequality is concerned.29

A preference for biomedical measures over conventional eco-
nomic measures of inequality seems even more warranted when
interpreting trends in the twentieth century. In both the British and
the U.S. cases, life expectancy increased dramatically between 1890
and 1930, by about 14 years in Britain (a 31 percent increase) and
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by about 16 years (a 36 percent increase) in the United States.30

Over the same period, U.S. stature increased by about 6 cm. How-
ever, in both the British and American cases, measures such as the
share of income held by the top 5 or 10 percent of the income
distribution show that inequality was relatively constant over this
period or that it might have increased slightly.31 The experience
of the Depression Decade is even more paradoxical. In the United
States the unemployment rate between 1931 and 1939 varied but
was never less than 16 percent; for half of the period, unemploy-
ment ranged between 20 and 25 percent. Yet life expectancy be-
tween 1929 and 1939 increased by 4 years and the heights of men
reaching maturity during this period increased by 1.6 cm.32

The resolution of the paradox turns on the huge social invest-
ments made between 1870 and the end of World War I, whose
payoffs were not counted as part of national income during the
1920s and 1930s even though they produced a large stream of
benefits during these decades and continue to do so down to the
present. I refer, of course, to the social investment in public health
and in biomedical technology, whose largest payoffs came well af-
ter the investment was made. Included in this category are not
only the direct federal investments in biomedical research, which
remained modest before 1950, but also the expansion of clinical
medicine practiced in a vastly expanded network of hospitals estab-
lished on scientific principles, the quadrupling of higher education
in medicine and the increase in the quality of that education, and
the international expansion of the stock of knowledge of the biol-
ogy, chemistry, and epidemiology of disease. Also included in this
category are such public health investments as the construction of
facilities to improve the supply of water, the purification of the
milk supply, the development of effective systems of quarantines,
and the cleaning of the slums.

The point is not merely that these benefits are often excluded en-
tirely from national income accounts, and from the measures of real
wages, but that they are greatly undervalued even when some as-
pects are included, because they are measured by inputs rather than
by benefits (which are outputs). Moreover, these benefits accrued
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disproportionately to those with modest incomes. That those who
occupy the lower rungs of society have gained more from certain
forms of unmeasured income is visible in the biomedical measures
because they show by how much the gap in life expectancy, in
stature, and in BMI that once existed between the upper and lower
income classes has been reduced.33

The discussion of omitted variables so far indicates that much
less progress was made by the lower classes during the nineteenth
century than is shown by conventional measures and that, as some
have argued, the relative condition of the working class may have
deteriorated during major parts of the century. The implication
for the twentieth century is the reverse: omitted variables lead to
an underestimate of the absolute and relative gains of the lower
classes. Would these conclusions still hold if another omitted vari-
able, leisure, was brought into consideration?

Although there were some gains in leisure for the lower class in
the United States and Britain during the nineteenth century, they do
not appear to have occurred until well past the middle of the cen-
tury. Of the roughly 25-hour reduction in the work week between
1860 and 1990, perhaps 5 or 6 hours were eliminated before 1890.
Moreover, the scope of leisure-time activities was narrow, limited
primarily to frequenting bars and attending church. Drama, opera,
ballet, concerts, literature, and visual arts were usually too expen-
sive to be readily accessible to the poor. Although there were an-
tecedents during the nineteenth century, public libraries, movies,
radio, television, and the like are mainly products of the twentieth
century.34

Kuznets, who was the leading designer of the U.S. national in-
come accounts, recognized the large underestimate of economic
growth occasioned by the omission of leisure from these accounts.
Valuing the increased daily hours of leisure of workers at the av-
erage wage, he pointed out, would raise per capita income in
the late 1940s by about 40 percent. Today, the figure would be
closer to 120 percent. If such a computation was undertaken for
each decile of the income distribution, it would be apparent that
those in the top decile experienced much less of a gain in leisure,
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since the highly paid professionals and businessmen who populate
the top decile work closer to the nineteenth-century standard of
3,200 hours per year than to the current middle-income standard
of about 1,800 hours. Improvements in the variety and quality of
leisure-time activities have also been less for the upper than the
lower classes. The upper classes still have a proclivity for those
expensive amusements that are most fully measured – opera, con-
certs, drama, literature. That proclivity, combined with their longer
work week, means that they spend far less of their time in those
forms of leisure activity for which the unmeasured gains have been
greatest.35

The Remarkable Reduction in Inequality during
the Twentieth Century

The twentieth century contrasts sharply with the record of the
two preceding centuries. In every measure that we have bearing
on the standard of living, such as real income, homelessness, life
expectancy, and height, the gains of the lower classes have been
far greater than those experienced by the population as a whole,
whose overall standard of living has also improved.

The “Gini ratio,” which is also called the “concentration ratio,”
is the measure of the inequality of the income distribution most
widely used by economists.36 This measure varies between 0 (per-
fect equality) and 1 (maximum inequality). In the case of England,
for example, which has the longest series of income distributions,
the Gini ratio stood at about 0.65 near the beginning of the eigh-
teenth century, at about 0.55 near the beginning of the twentieth
century, and at 0.32 in 1973, when it bottomed out, not only in
Britain but also in the United States and other rich nations.37 This
measure indicates that over two-thirds of the reduction in the in-
equality of income distributions between 1700 and 1973 took place
during the twentieth century. The large decrease in such inequality,
coupled with the rapid increase in the average real income of the
English population, means that the per capita income of the lower
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classes was rising much more rapidly than those of the middle or
upper classes.38

A similar conclusion is implied by the data on life expectan-
cies. For the cohort born about 1875, there was a gap of 17 years
between the average length of life of the British elite and of the pop-
ulation as a whole. There is still a social gap in life expectancies
among the British, but today the advantage of the richest classes
over the rest of the population is only about 4 years. Thus about
three-quarters of the social gap in longevity has disappeared. As
a consequence, the life expectancy of the lower classes increased
from 41 years at birth in 1875 to about 74 years today, while
the life expectancy of the elite increased from 58 years at birth to
about 78 years. That is a remarkable improvement. Indeed, there
was more than twice as much increase in life expectancies during
the past century as there was during the previous 200,000 years.
If anything sets the twentieth century apart from the past, it is this
huge increase in the longevity of the lower classes.39

Data on stature also indicate the high degree of inequality dur-
ing the nineteenth century. At the close of the Napoleonic wars, a
typical British male worker at maturity was about 5 inches shorter
than a mature male of upper-class birth. There is still a gap in
stature between the workers and the elite of Britain, but now the
gap is only on the order of 1 inch. Height differentials by social
class have virtually disappeared in Sweden and Norway but not
yet in the United States. Statistical analysis across a wide array of
rich and poor countries today shows a strong correlation between
stature and the Gini ratio.40

Weight is another important measure of inequality. Despite the
great emphasis in recent years on weight reduction, the world still
suffers more from undernutrition and underweight than from over-
weight, as the World Health Organization has repeatedly pointed
out. Although one should not minimize the afflictions caused by
overnutrition, it is important to recognize that even in rich coun-
tries such as the United States, undernutrition remains a significant
problem, especially among impoverished pregnant women, chil-
dren, and the aged.
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The secular increase in body builds is due primarily to the great
improvement in socioeconomic conditions over the past several
centuries, rather than to genetic factors, as can be seen by con-
sidering Holland. The average height of young adult males was
only 64 inches in that country during the middle of the nineteenth
century. The corresponding figure today is about 72 inches. An
increase of 8 inches in just four generations cannot be due to nat-
ural selection or genetic drift because such processes require much
longer time spans. Nor can it be attributed to heterosis (hybrid
vigor) because Holland’s population has remained relatively ho-
mogeneous and because the effects of heterosis in human popula-
tions have been shown both empirically and theoretically to have
been quite small. It is hard to come up with credible explanations
for the rapid increase in heights that do not turn on environmen-
tal factors, especially improvements in nutrition and health. These
environmental factors appear to be still at work. Stature is still in-
creasing, although at a somewhat slower rate, and nations have
not yet reached a mean height that represents the biological limit
of humankind under current biomedical technology.41

Homelessness is another indicator of the dramatic reduction in
inequality during the twentieth century. Down to the middle of the
nineteenth century, between 10 and 20 percent of the population
in Britain and on the Continent were homeless persons whom offi-
cials classified as vagrants and paupers. Estimates of vagrancy and
pauper rates in the United States during the nineteenth century are
less certain, but these rates appear to have reached European lev-
els in the major cities during the middle decades of that century.
When we speak of homelessness in the United States today, we
are talking about rates below 0.4 percent of the population. Many
of the homeless today are mentally ill individuals prematurely re-
leased from psychiatric institutions that are inadequately funded.
Many others are chronically poor and inadequately trained for the
current job market.42

The relatively generous poverty program developed in Britain
during the second half of the eighteenth century, and the bitter
attacks on that program by Malthus and others, have given the
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unwarranted impression that government transfers played a major
role in the secular decline in beggary and homelessness. Despite the
relative generosity of English poor relief between 1750 and 1834,
beggary and homelessness fluctuated between 10 and 20 percent.
Despite the substantial reduction in the proportion of national in-
come transferred to the poor as a result of the poor laws of 1834
and later years, homelessness declined sharply during the late nine-
teenth and early twentieth centuries.

The fact is that government transfers were incapable of solving
the problems of beggary and homelessness during the eighteenth
and much of the nineteenth centuries, because the root cause of the
problems was chronic malnutrition. Even during the most gener-
ous phases of the relief program, the bottom fifth of the English
population was so severely malnourished that it lacked the energy
for adequate levels of work.43

At the end of the eighteenth century British agriculture, even
when supplemented by imports, was simply not productive enough
to provide more than 80 percent of the potential labor force with
enough calories to sustain regular manual labor. It was the huge
increases in English productivity during the later part of the nine-
teenth and the early twentieth centuries that made it possible to feed
even the poor at relatively high caloric levels. Begging and home-
lessness were reduced to exceedingly low levels, by nineteenth-
century standards, only when the bottom fifth of the population
acquired enough calories to permit regular work. The principal
way in which government policy contributed to that achievement
was through its public health programs. By reducing exposure to
disease, more of the calories that the poor ingested were made
available for work.
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Tragedies and Miracles in the Third World

The debate over the extent of chronic malnutrition in developing
countries, which began after World War II, has been conducted

largely between investigators associated with the Food and Agricul-
ture Organization (FAO), the World Health Organization (WHO),
and the World Bank, on the one hand, and critics who believe that
their estimates of the extent of malnutrition are too high. I will
use the acronym FAWOB to designate the investigators associated
with these three organizations.

Few investigators have suggested that the FAWOB estimates are
too low. One reason for the neglect of this possibility is the tendency
of investigators to assume explicitly or implicitly that affluent per-
sons in affluent countries reached their genetic potential during
the middle decades of the twentieth century and that no further
improvements in physiology were possible without some major
genetic breakthrough. In Chapter 2, I outlined a theory of techno-
physio evolution that disputes that assumption. Next, I want to
apply the theory of technophysio evolution to a number of prob-
lems related to health and mortality in the Third World.

43
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Changing Views of Chronic Malnutrition and of the
Methods of Measuring It

Nutritional science was still in its infancy during the early twentieth
century. It was not until the turn of the century that Wilbur O.
Atwater and his collaborators estimated the energy requirements
of basal metabolism. Except for scurvy, specific nutrient deficiencies
were not discovered until after World War I: vitamin D for rickets
in 1922, thiamine for beriberi in 1933, and niacin for pellagra in
1937.1

By the end of World War II, nutritional science had matured
to the point that it was possible to ask and provide reasonable
answers to the question of the extent of malnutrition in various
countries around the world. That task was undertaken by the FAO
of the United Nations, which monitored the food supply through
a series of surveys, the sixth of which was completed in 1996.
These surveys were based on the construction of national food
balance sheets that made it possible to estimate in many countries
the daily number of calories available for consumption per capita.
This information was supplemented by household dietary surveys
based on reports of the food consumed by all the individuals in
the household over periods ranging from one to several days. The
food diaries generally revealed a substantially lower level of caloric
consumption than did the national balance sheets. The validity of
these methods of estimating the consumption of food became a
central point of controversy.

Estimates of average caloric consumption per capita have
been derived from three principal types of evidence: documentary
sources, such as institutional food allowances or entitlements from
wills; individual or household consumption surveys; and national
food balance sheets. There are disadvantages to each. Records of
institutional food allotments or food entitlements frequently do not
indicate the age and sex of the recipients. The accuracy of individual
food diaries and household consumption surveys depends on the
quality of memory (and candor) of those surveyed. National food
balance sheets estimate the national supply of food by subtracting



tragedies and miracles in the third world 45

allowances for seed and feed, losses in processing, changes in in-
ventories, and net exports (positive or negative) from the national
annual production of each crop, thereby obtaining a residual of
grains and vegetables available for consumption. When using na-
tional food balance sheets, not only must the calories be calculated
accurately, but losses due to poor storage, food processing, and
individual waste must also be factored into the estimate of calo-
ries consumed. Recent metabolic studies have shown that national
food balance sheets provide a more accurate measure of average
caloric intake than food diaries.2

Equally controversial were efforts to estimate average physio-
logical requirements of energy in countries around the world.3 In
addition to estimating the energy required for basal metabolism,
it was necessary to estimate the minimal amount of energy re-
quired for maintenance as well as the specific amounts of energy
required for different tasks. The work of numerous investigators on
these issues was summarized and synthesized in a series of expert
consultations. Published in 1953, 1973, and 1985, these consul-
tations yielded somewhat contradictory assessments of all three
categories of energy requirement: basal metabolism, maintenance,
and activities.4

An important shift in the conception of nutritional diseases be-
gan in the late 1950s and extended through the mid-1970s. Prior
to that period, nutritional diseases were limited to those caused by
specific nutrient deficiencies, such as pellagra, rickets, and beriberi.
General undernutrition, so widespread in developing nations, was
considered to be a normal, if undesirable, characteristic of these
societies. During the 1950s and 1960s, physicians, nutritionists,
and epidemiologists began to define substantial undernutrition as a
disease called “protein-energy malnutrition” (PEM).5 In the Ninth
International Classification of Diseases and in WHO publications,
anthropometric indicators are used to specify the degree of PEM.
However, the early developers of the concept of PEM focused not
on adult heights and weights, but on the heights and weights of chil-
dren under 5. For such children they emphasized such measures as
low weight-for-age, low weight-for-height, and low height-for-age.
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Low weight-for-height or weight-for-age is called “wasting” and
low height-for-age is called “stunting.” A series of studies during
the 1970s and 1980s demonstrated that weight at given ages,
weight-for-height, and height-for-age were effective predictors of
the risk of morbidity and mortality among children under 5.6

Perhaps the most important development during this period was
the discovery of a synergy between infections and malnutrition.
Scrimshaw, Taylor, and Gordon (1968) showed that while malnu-
trition makes infections more severe, infections in turn increase the
severity of malnutrition. Mechanisms through which malnutrition
reduces resistance to infection include reduced production of hu-
moral antibodies (protective substances in blood or tissue fluid),
impaired cell-mediated immunity (immunity mediated by active
cells such as white blood cells), and weakened phagocytosis (the
engulfment and digestion of bacteria and other foreign particles by
a cell). Conversely, infections, regardless of the nature of the infec-
tious agent, worsen nutritional status through increased metabolic
loss of nutrients, reduced appetite, decreased absorption, and the
diversion of nutrients to combat the infection.

The transformation of undernutrition from a normal condi-
tion to a disease intensified the criticisms of the FAWOB approach
to chronic malnutrition. Three main lines of criticism emerged. It
was argued, first, that methods of constructing food balance sheets
grossly exaggerated the level of nutrient consumption in rich coun-
tries (by underestimating losses in distribution and plate waste)
and underestimated the nutrients available in poor countries (by
omitting nonstandard types of foods). Second, the threshold of
malnutrition was overestimated by a failure to take adequate ac-
count of the extent to which undernourished individuals could
successfully adapt to their situation.7 The third line of criticism
focused on the use of the U.S. and British growth standards as a
basis for judging stunting and wasting among individuals in South
Asia and other regions in which malnutrition was prevalent. The
counter-interpretation was summed up by the aphorism “small but
healthy.”8
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The Implications of Technophysio Evolution for the
Assessment of Chronic Malnutrition

A difficulty with the FAWOB approach to the measurement of
chronic malnutrition is that their standards are based on heights
and weights derived either from British body builds of the early
1960s and 1970s or from U.S. body builds of the early 1970s.
Neither the British nor the Americans claim that their body builds
are optimal. They claim only that they are representative of the ac-
tual distribution of height, weight, and weight-for-height at specific
ages in their respective countries. In practice, however, it has been
assumed that the 50th centile of these distributions is optimal.

Should the 50th centile of the British and American height distri-
butions be accepted as the standard for developing nations? Critics
of FAWOB have called these standards too high. However, a study
of growth patterns of Indian children revealed that the age-specific
height and weight distributions of affluent Indian children were
quite similar to the distributions at corresponding ages obtained
from the United States and Great Britain.9

That finding, important as it is, does not settle the issue. It merely
confirms that the environmental constraints on the growth of af-
fluent Indians are similar to those prevailing in Britain. The finding
does not demonstrate that affluent Indian children are not stunted
relative to their genetic potential, nor does it establish that the 50th
centile of the British and American height distributions is optimal.

The Problem of Perspective in an Age of Technophysio Evolution

If human physiology were static, there would be far less difficulty in
establishing anthropometric standards for measuring chronic mal-
nutrition in poor nations. However, as is illustrated by Figure 3.1,
there have been enormous changes in British physiology over the
past two centuries.10 That figure presents the bottom half of the
current Dutch growth chart. This is the kind of chart that pedia-
tricians use to assess whether a child of a given age is developing
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Figure 3.1 Secular Trends in the Average Heights of Male Adoles-
cents in Great Britain, 1748–1993, Relative to Current Dutch Growth
Curves.
Source: I am indebted to Roderick Floud for these data.

normally. The average heights of successive generations of male
adolescents in Great Britain between 1748 and 1993 are superim-
posed on that grid. It can be seen that as one generation succeeded
another, the average trajectory of adolescent growth moved up
the grid, although the upward movement was uneven. The largest
increase took place during the twentieth century.

Obviously, a judgment of the severity of malnutrition in India
today depends on which of the height profiles shown in Figure 3.1
is chosen as the standard. Suppose that we used not the British
height profiles of the 1960s as the standard for judging the deficit
in current Indian stature, but those of the 1920s, which were only
at the 5th centile of the current Dutch standard (see Figure 3.1).
The switch to the British standard of the 1920s would make Indian
malnutrition today seem less severe because the nutritional status of
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British children 70 years ago was relatively poor by current Dutch
standards. Even British children of the early 1960s fall substantially
short of the current Dutch standard.11

I have used the Dutch standard to assess British stature because
the Dutch are currently the tallest population in the world, with
males averaging about 181 cm at maturity, which is about 4 cm
greater than the stature of mature males in both Britain and the
United States today. In 1860, however, Dutch males were only
164 cm at maturity. British and American males were also shorter
at maturity in 1860 than they are today, but in 1860 the British
were 4 cm taller than the Dutch, while the Americans were 8 cm
taller than the Dutch. In other words, heights have grown substan-
tially over the past four generations in all three societies. But the
Dutch have grown most rapidly, partly because they were more
stunted during the nineteenth century than were either the British
or the Americans.12

Notice that a height of 164 cm at maturity would put the Dutch
of 1860 below the first percentile of the current Dutch height
distribution (see Figure 3.1). In other words, if we use the cur-
rent Dutch standard, we would conclude that the Dutch in 1860
and the Indians in the 1980s suffered from similar degrees of
chronic malnutrition. On the other hand, if we used the Dutch
height distribution of 1860 as the standard for good nutritional
status, Indians in the 1980s would be judged to have good levels of
nutrition.

Obviously, it makes no sense to use European height distribu-
tions that go back to a time when Europeans were severely mal-
nourished as a standard of good nutrition. Of course, nobody three
or four generations ago realized that children who were then of av-
erage stature or weight were severely malnourished since they had
no way of predicting that stature and weight would increase as
much as they have. The question is, are the British and other West
Europeans as well as North Americans still malnourished by stan-
dards that will prevail in the future? Can we rule out the possibility
that body builds in these populations will increase as much in the
next century as they did in the previous one?
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Accelerating Technological Change and Diffusion

The answers to these questions turn on two issues. One issue con-
cerns the past and the likely future of technological change. The
other is the past and the likely future of technologically induced
physiological change. In Chapter 2, I emphasized the enormous
acceleration in the rate of technological change after 1700, espe-
cially after 1900.

Not only has productive technology changed dramatically, but
the diffusion of modern technology has also accelerated greatly
over the past two centuries. Modern economic growth began first
in Great Britain early in the eighteenth century. It did not begin
in the United States until the late eighteenth century. France joined
them after the Napoleonic era. By the middle of the nineteenth cen-
tury, the circle had expanded to include the Netherlands, Germany,
Switzerland, Denmark, Norway, Sweden, Canada, and Australia.
Japan, Russia, and Argentina did not embark on the path of mod-
ern economic growth until the end of the nineteenth century. For
Italy and other West European nations, modern economic growth
was delayed until the beginning of the twentieth century. Except
for Japan, modern economic growth did not extend to Asia until
after World War II.

Today, however, the most remarkable instances of rapid eco-
nomic growth are in Asian and Latin American countries, which
together represent more than half of the population of the world.
Beginning in the early 1950s, first Japan, then the Asian Tigers
(South Korea, Taiwan, Singapore, and Hong Kong), and more re-
cently China, Malaysia, Thailand, Indonesia, India, and more than
a dozen other countries in Eastern Europe, Asia, and Latin America,
often referred to as “emerging market economies,” began growing
in both gross domestic product and product per capita at rates that
far exceeded the long-term experience of the early leaders. Japan
has set the standard for this pattern. Its gross domestic product
increased by 14-fold in just four decades, transforming Japan from
an impoverished land with characteristics typical of countries at
low levels of development into the second wealthiest nation in the
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world. That large a leap took nearly a century and a half in the
West. In France, for example, it stretched from 1820 to 1969; in
Great Britain, from 1820 to 1967.13

The Interdependence of Industrial Progress and
Public Health in the Long Run

The acceleration of economic growth in the high-performing Asian
economies (HPAEs) is due in large measure to the rich and var-
ied stock of technologies available to them, far greater than that
available to the early leaders. Nobel laureates Simon Kuznets and
Theodore W. Schultz emphasized the role played by the backlog of
technologies in the rapid recovery of Europe after World War II.
Kuznets also emphasized that some technological breakthroughs,
such as electrical power, permitted increases in economic productiv-
ity across the spectrum of activities. However, applying that source
of energy to particular uses required specific additional technolog-
ical innovations, such as fractional horsepower motors to transmit
electrical power to machines operating at various speeds, vacuum
tubes to permit reception of radio signals, and third rails or over-
head power lines to permit vehicular movement. Similarly, lines of
chemical investigation pursued in one industry, such as the devel-
opment of new dyes for textiles, new reactive agents for steel, new
preservatives for foods, the fortification of flour, and the transfor-
mation of coal into textiles, often provided the basis for unseen
applications in remote industries and contributed to the emergence
of many new branches of chemistry.14

Urbanization and Public Health

The rapid diffusion of water purification and waste removal tech-
nologies among the cities of the Third World, as compared with
their painfully slow diffusion among the European and American
countries that led the Industrial Revolution, is a case in point. The
initial impact of the urban growth spurt of the nineteenth century
was to increase morbidity and mortality because city size outran
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the existing capacities of water delivery, sewage removal, and hous-
ing. The delivery of pure water and the removal of waste in cities as
massive as London, Paris, and New York during the second half of
the nineteenth century required major advances in hydraulic equip-
ment, in pipes of varying materials to deliver the water and carry
off the waste, and in new construction techniques required to build
tunnels over long distances, to build canals and reservoirs, and to
build sewage farms and destructors for the disposal of refuse. Cities
such as New York hired chemists to analyze regularly the contents
of the water. In his annual report for 1871, the chemist of the City
of New York reported on the impurities found in the residential
water supply, including lead, since many streets were laid with lead
pipe. When questioned about the levels of lead, the chemist replied
that the principal alternative to lead was iron pipes coated with
zinc, and doubted that consuming minute quantities of lead was
worse than consuming similar amounts of zinc.15 It took more than
half a century before chemists could provide correct assessments of
the dangers from lead and even longer to assess the desired levels
of zinc.16

Time and industrial experience were also needed to settle such
issues as whether the dumping of wastewater and sewage back
into rivers or into cesspools was really inferior to sewage treat-
ment and filtration through sand. Efforts at assessment were con-
founded by perverse changes in infant and childhood deaths during
the four decades preceding World War I, suggesting to many that
the changes in mortality rates were unrelated to the nature of sani-
tary programs in different towns. As experts debated various alter-
natives, often ridiculing each other’s theories, politicians worried
about the public’s tolerance for extremely expensive projects that
only a small fraction of households were willing to buy on their
own. In many French towns at the turn of the twentieth century,
for example, fewer than 10 percent of the households subscribed
to the delivery of pure water or the new methods of removing
waste.17

Drainage of swamps was often an unplanned by-product of ur-
ban expansion or the growth of demand for agricultural products.
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For example, the drainage of Ohio swamps during the last decades
of the nineteenth century and the early decades of the twentieth
century was due to the rising cost of farmland, which made the
retrieval of swampy land a profitable enterprise. The reduced preva-
lence of malaria was an unexpected boon, much to be desired al-
though hardly something that a land developer could expect to
profit from, even if he actually connected the benefit to his enter-
prise. Similarly, the considerable expansion of acreage devoted to
beet sugar or tobacco, and the increased investment in the pro-
duction of beef, pork, and (later) chicken, were responses to mar-
ket forces rather than the implementation of programs to improve
health.18

The West served as an experimental laboratory from which the
countries of the Third World could learn when they entered their
phase of rapid urbanization. Consequently, rather than acting as a
barrier to improvements in health and longevity, as it had in Europe
and America during the nineteenth century, the rapid expansion of
cities in the Third World after World War II served to increase
longevity in the respective countries.19

Technological Progress in Food Production

The massive food shortages created by World War II exacerbated
the pressures on food supplies due to the continuing worldwide
decline in mortality rates and the concomitant acceleration of pop-
ulation growth. The new mortality declines of the 1950s and 1960s
were most rapid in Asia, promoted in part by the massive postwar
programs of malaria eradication and food supplementation. The
enormous acceleration of population growth in countries such as
India and Ceylon, coupled with the disorganization of native agri-
cultural production sometimes associated with food aid, created
alarms about impending disaster. Theories that population growth
made Malthusian-type famines imminent gained support from the
Great Bengal Famine of the 1940s, which was initially ascribed to
bad crops. Not until the 1980s did it become known that the Bengal
famine and other food disasters were actually due to breakdowns
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in the system of food distribution, often brought on by perverse
government policies, rather than actual shortages of food.20

In fact, despite the postwar doubling of the Asian population in
just a few decades, advances in seeds, dry farming techniques, im-
proved fertilizer, new crops, and the expansion of arable land have
permitted a vast increase in the world’s food supply. Not only has
agricultural production kept pace with the population explosion
of the past half century, but the world’s per capita consumption of
food has actually increased, rising by about 0.6 percent per annum
over the past several decades.21

Taking Account of Technophysio Evolution in Setting
Standards for Chronic Malnutrition

The fact that the availability of dietary energy increased by about
400 calories per capita worldwide between 1965 and 1989 does
not imply that the problem of chronic malnutrition in poor coun-
tries has been solved. Levels of food consumption in India are still
below those that prevailed in Western Europe in the mid-nineteenth
century. Whether assessed by minimally adequate levels of caloric
and protein intake or by current anthropometric standards, it re-
mains true that about 15 percent of the world’s population suffers
from chronic malnutrition.22

Indeed, arguments used to condemn FAWOB standards as ex-
aggerated that seemed compelling in the early 1980s have been
shown to be unwarranted. It is not true that dietary interviews
are more reliable than national food balance sheets in estimating
average caloric consumption. New procedures, such as the dou-
bly labeled water method, which measure the energy actually me-
tabolized, have shown that dietary surveys actually underestimate
caloric consumption by about 25 percent. Thus national food bal-
ance sheets are a better measure of average caloric consumption, es-
pecially for the estimation of long-term trends, than was previously
assumed. These new procedures also undermine the contention of
statistician P. V. Sukhatme and others that the boundary of chronic
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malnutrition should be increased by several hundred calories on
the ground that the variance of the caloric distribution has been
underestimated because of the neglect of intraindividual variance
(the day-to-day variation in food consumption that is normal in
individual diets).23 Metabolic analysis has shown that the variance
of the food distribution is due overwhelmingly to interindividual
variations in food intake and activity levels. Moreover, when energy
intake and physical activity are controlled, intraindividual variance
is insignificant.

The Failure to Take Account of Technophysio Evolution

In fact, FAWOB has underestimated the extent of chronic malnutri-
tion because of a failure to take account of technophysio evolution.
As I indicated earlier, a number of recent studies suggest that cur-
rent mean body builds, even in countries abundant in calories, still
appear to be suboptimal when the optimal height and BMI are
defined as those that minimize the age-specific odds of dying or
of developing chronic diseases over a specific interval. Moreover,
trends in nutritional status and risk vary significantly even among
rich countries. This point is illustrated by Figure 3.2.

Superimposed on the Waaler surface in Figure 3.2 are rough
estimates of the average heights and weights in both France and
England at several dates between 1705 and 2001. In 1705 the
French were not only much shorter but their BMIs were much
lower than those of the English. During the nineteenth century
the French caught up with, and by 1867 exceeded, the English in
BMI. However, they remained several centimeters shorter than the
English. Between 1867 and 1967 French stature remained below
that of the English, but the gap narrowed and the French achieved
higher BMIs. Still, down to the mid-twentieth century, the English
advantage in height more than offset the French advantage in BMI
with respect to the risk of death. After 1967, French stature in-
creased quite rapidly and its BMI moved closer to the optimal level,
mainly because at taller heights, lower BMIs are optimal. During
the same period, English gains in stature were modest, but their
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BMI increased so rapidly that by 2001 they were well in excess of
the optimal level for their height. As a consequence, by the 1990s
English mortality risk associated with body builds exceeded that
of the French. Although their statures were equal, the English were
at a disadvantage because their BMI shot past the optimal level.

Thus Figure 3.2 illustrates how technophysio evolution con-
quered the severe malnutrition of past centuries. But in so doing, it
created a new problem: overnutrition. Food has become so cheap
that corpulence is no longer a sign of opulence. It is instead a sign
of weakness of will.

Have Waaler curves and surfaces been changing over time? It
is too soon to answer that question with any confidence. Work is
currently underway to construct Waaler curves and surfaces from
morbidity and mortality data obtained from a large sample of data
from Union Army veterans covering the period between 1890 and
1930. Preliminary analysis based on a small subsample (and re-
ported in Figure 1.2) suggests that the curve in BMI and mortality
for these men is quite similar to that shown for Norwegian males.24

On the other hand, Figure 3.3 provides some support for the
hypothesis that what is optimal with respect to body builds may
be changing slowly under the impact of technophysio evolution.
That figure presents the perinatal death rate by birth weight in
three populations. For babies born to U.S. mothers, who had rela-
tively large body builds, the birth weight that minimized the peri-
natal death rate was about 3500 grams. But for babies born to
Ghanaian and Indian mothers, who had relatively small body
builds, the birth weight that minimized the perinatal death rate
was about 2600 grams – barely above the U.S. level of dangerously
small babies.

This finding may bear on the explanation of the first phase of
the secular decline in mortality. Some investigators have called at-
tention to changes in age-specific mortality rates that may indicate
a shift in the balance between pathogens and their human hosts.
Although the shift has been attributed to a decline in the virulence
of pathogens, not enough evidence is in hand to assess this pos-
sibility. However, the recent physiological research summarized in
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Figure 3.3 Perinatal Death Rate by Birth Weight in Ghana, India,
and the United States.
Source: Hytten and Leitch 1971.

this section suggests a new pathway through which the balance be-
tween pathogens and human hosts may have turned in favor of the
hosts. In addition to the improved operation of the immune system,
there is the increased capacity of a vital organ to survive the attack
of pathogens as a result of increased tissue resilience, including the
improved operation of the nervous system. The process could have
been synergistic since the improvement in the operation of the im-
mune system might have interacted with the increased resilience of
other vital organs. Such possible synergies call into question the
proposition that because an individual appears to be currently well
fed, malnutrition does not affect the outcome of diseases such as
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influenza, smallpox, or typhoid. Individuals may be more likely to
succumb to such infections, even if they are currently well fed,
because past malnutrition, either in utero or subsequently, has
degraded vital organs.

Implications for the Use of NCHS or British Standards

Although U.S. and British children and adults live longer and have
less disease than their counterparts in South Asia, the work on
Waaler surfaces indicates that current final heights and current
BMIs in the United States and Britain may be suboptimal.25 There
is, of course, the question of whether any society can reach an aver-
age height for males of 190 cm. Although no society has yet reached
that average, the possibility cannot now be ruled out. Few, if any,
persons alive in 1800 forecast the increases in European stature
that occurred during the subsequent two centuries.26

Continued use of the NCHS standards for assessing the extent
of malnutrition in less developed nations is feasible. But it should
be understood that these standards may not indicate all the physio-
logical improvements that are obtainable through an improvement
in nutrition and in other environmental advances. Pending further
evidence, an interim change worthy of consideration is making the
growth curves of the Netherlands the international standard, since
this is the nation that has so far achieved the greatest improvement
in nutritional status.27

Physiological Capital and the Adaptation Controversy:
Implications for the Measurement of Economic Growth

Figure 2.4 makes it clear that the limitation of body size has been
one of the principal ways of adapting to low levels of energy. The
point is not merely that height and BMI increased as the per capita
supply of food increased. It is also that increases and decreases in
body size represent changes in physiological capacity that affected
both the quality of life and the capacity to produce. Consequently,
when traditional agricultural technology was too inefficient to sus-
tain a large average body size, it also limited the capacity to acquire
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physiological capital. Under the prevailing agricultural technology
of 1800, Frenchmen could not have achieved the physiological ca-
pacity associated with modern body sizes. If Frenchmen in 1800
had been as large on average as they are today, there would not
have been enough energy to produce the food supply, since all of the
available energy would have been required for basal metabolism.

Viewed historically, it makes little sense to talk about whether
wasting or stunting is a desirable form of adaptation since there
was no alternative. Indeed, only when the technology of food pro-
duction became much more efficient than it had been during the
eighteenth century did it become possible to sustain large people. It
was only at that point that individuals generally could have chosen
between more energy and more industrial goods or other nonfood
commodities.

Figures 2.4 and 2.7 imply that the cost of adaptation to inade-
quate food supplies paid by wasted and stunted individuals cannot
be measured merely by using cross-sectional data (data generated
during a given year) to determine whether productivity is positively
correlated with stature. Such cross-sectional procedures do not take
into account the rate of decline in human capital over the life cycle.
Since stunting accelerates the rate of depreciation in human cap-
ital over the life cycle, the discounted present value of output is,
on average, lower than that inferred from cross-sections.28 Even if,
at a given age, a short person who is still in the labor force is as
productive as a tall one, more short than tall persons of that age
have left the labor force because of disability or death.29 Hence,
there is sample selection bias in econometric studies that omit from
consideration those members of a cohort who are no longer in the
labor force. Even studies that show a positive effect of stature or
BMI on output have biased the effect downward unless they have
taken account of the omitted observations.

Figures 2.4 and 2.7 also point to another problem that is of-
ten overlooked. To equalize the rate of depreciation in physio-
logical capital, stunted individuals require higher BMIs than tall
individuals. For example, to equalize the odds of retaining good
health in middle age, a person of 165 cm needs a BMI that is
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25 percent higher than that of a person of 181 cm. Moreover, when
risks are equalized, the BMI of the stunted individual is greater than
that of the tall individual. Figures 2.4 and 2.7 imply, therefore,
that adaptation to malnutrition by saving on the energy for basal
metabolism requires an increased rate of depreciation in physiolog-
ical capital. Hence, the essence of adaptation via body size to an
inadequate food supply is a trade-off of current metabolic needs for
an increased life-cycle risk of mortality. For example, a male who is
165 cm in height, and who saves on food by losing enough weight
to reduce his requirement for basal metabolism by 5 percent, will
increase his risk of mortality by 15 percent.

Figures 3.4 and 3.5 were constructed by John Kim to describe
a hitherto neglected aspect of what economists call “health cap-
ital.” In this case, the Waaler surface is interpreted as a “health-
production” surface. Up to a certain point, people can produce
better health by raising children with greater stature and greater
BMIs. Figure 3.4 portrays the region of efficient body builds for
the production of good health. This efficient zone is denoted by the
two heavy black lines intersecting the iso-morbidity curves. The
right-hand locus has already been introduced. It is the curve con-
necting the minimum points of each iso-morbidity curve, which I
previously referred to as the optimum weight curve. It is the locus
of all points on the iso-morbidity curves with a zero slope.

The left-hand boundary is the locus of all of the points on the
health isoquants in which the slopes turn from negative to pos-
itive. According to the economic theory of production, efficient
production takes place only in regions where isoquants have nega-
tive slopes. Kim uses this theory to predict that the production level
of good health will not normally take place on an isoquant with
a positive slope, because it is possible to produce a given level of
health with a smaller amount of nutritional resources by moving
down the isoquant – toward the point at which the tangent to the
isoquant is vertical.

In Figure 3.5 Kim shows that his prediction does indeed hold for
data aggregated at the national level. It shows the points indicating
the mean heights and weights of adult males in 140 countries in
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Figure 3.4 Efficient Region of Body Build for Health Production on
a Waaler Surface in Mortality for Norwegian Males Aged 45–89.
Source: Reprinted from Kim 1996, p. 89, with the permission of the author.

1990. All but a handful of these countries are located within the
efficient zone. Just five rich nations in Europe and North America
are located to the right of the efficient zone, and three poor nations
in Asia and Africa are located to the left of the efficient zone. It is
also worth noting that Figure 3.5 provides cross-sectional evidence
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Figure 3.6 Iso-Mortality Curves of Relative Risk for Height and
Weight among Norwegian Males Aged 50–64, with Two Plots. The
small, dark squares show the effect of a 5 percent reduction in height
and weight on the risk of dying. The large rectangles show the in-
crease in weight required to offset the increased risk of dying due to
long-term reductions in stature.

of the association between physiological capital and economic
growth, since poor countries of Africa and the Middle East are
located in the southwest quadrant, while the rich countries of
Europe and North America fall in the northeast quadrant.

Figure 3.6 calls attention to another problem that is often over-
looked. To equalize the rate of depreciation in human capital,
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stunted individuals require higher BMIs than tall individuals. Ear-
lier, it was noted that to equalize the odds of retaining good health
in middle age, a male of 165 cm needs a BMI that is substantially
higher than that of a male of 181 cm. However, when risks are
equalized (i.e., when two or more sets of height and weight points
lie on the same iso-mortality curve), the BMR of the stunted indi-
vidual is higher than that of the tall individual. Figure 3.6 demon-
strates that saving on the energy for basal metabolism requires an
increased rate of depreciation in human capital. Hence, the essence
of adaptation via body size to an inadequate food supply is a trade-
off of current metabolic needs for an increased life-cycle risk of mor-
bidity and mortality.30 Indeed, in the case illustrated in Figure 3.6,
a long-run (over several decades) adaptation to a reduction in the
food supply through a 5 percent reduction in stature and BMI re-
quires a 19 percent increase in the risk of dying. In the short run,
adaptation can only occur in weight (height remaining constant).
The necessary weight reduction would be about 14 percent and the
risk of mortality would rise by 35 percent. Hence, short-run adap-
tations are riskier than those that occur in the long run because of
the distortion in body proportions.31

As a Chicago economist, I cannot resist pointing out that in
adaptation through stunting or wasting, as in so many other cir-
cumstances, there is no such thing as a free lunch.
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Prospects for the Twenty-First Century

A specter is haunting the OECD nations. It is not the specter
of poverty or class warfare, as was the case a century ago,

when leisure was the privilege of the very rich and workers toiled
from sunrise to sunset to earn enough to purchase meager amounts
of food, clothing, and shelter. In 1890, retirement was a rare phe-
nomenon. Virtually all workers died while still in the labor force.
Today, half of those in the labor force, supported by generous pen-
sions, retire in their fifties.

To many of today’s political leaders this situation, the realiza-
tion of the dreams of reformers a century ago, is a potential disaster.
With the baby-boom generation of 1945–65 now approaching re-
tirement, they are confronted with the choice between defaulting
on commitments to retirees, delaying the age of retirement, or in-
creasing the taxes borne by young workers. The specter that now
haunts OECD nations is not class warfare but intergenerational
warfare.

66
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The Impact of Technophysio Evolution on Work
and Consumption

How did this crisis arise? The brief answer is technophysio evolu-
tion. Over the past century, technophysio evolution has permitted
the average length of retirement to increase by five-fold, the pro-
portion of a cohort that lives to retire to increase by seven-fold,
and the amount of leisure time available to those still in the labor
force to increase by nearly four-fold.

Since technophysio evolution is still ongoing, it is likely that
improvements in health, life expectancy, and average income will
also continue. One concomitant of these changes has been a change
in the structure of consumption. A century ago, the typical house-
hold in OECD nations spent over 80 percent of its income on food,
clothing, and shelter. Today these commodities account for less
than a third of consumption. Many people are alarmed at this and
other recent changes in the structure of consumption, particularly
the reduced role of manufacturing, which they fear may presage
economic and social decadence and portend a reversal in national
fortunes, not only because of romantic attachment to the rust-belt
industries but also because of the reduced employment in these
industries.1 A similar state of mind was widespread at the end of
the nineteenth century. But then it was the decline of agriculture
and the rise of industry that was the focus of concern. Those who
identified the good life with agriculture were fearful of life in an
urban and industrial age. Now it is life in a service society that
promotes anxiety.2

Changes in Hours of Work and Use of Time

Of the 24 hours in a day, only 14 hours are discretionary, since
10 hours a day are biologically determined by requirements of
sleep, eating, and vital hygiene. The changing ways in which indi-
viduals make use of their discretionary time have recently emerged
as a political issue. The decline in hours of work, the rise in unem-
ployment, and the threatened “end of the job” also create anxiety,
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Table 4.1 Secular Trends in Time Use: The Average Hourly
Division of the Day of the Average Male Household Head (based
on a 365-day work year)

c. 1880 c. 1995 c. 2040

1. Sleep 8 8 8
2. Meals and essential hygiene 2 2 2
3. Choresa 2 2 2
4. Travel to and from workb 1 1 0.5
5. Workc 8.5 4.7 3.8
6. Illnessd 0.7 0.5 0.5
7. Subtotal 22.2 18.2 16.8
8. Residual for leisure activitiese 1.8 5.8 7.2

a Includes chopping firewood, shoveling coal, repairs in homes, of fences, and so on,
maintaining tools, gardening, carting, weaving and sewing, and care of children and
the aged. Much of what was called “chores” is now called “do-it-yourself” and “sweat
equity.”

b In the case of farm laborers, travel is the walk from cottages to fields where work was
conducted.

c In c. 1880: calculated on 3,109 annual hours. It assumes a 64-hour work week, 7 days of
holidays, and 18 days of illness. In 1995: calculated on 1,730 annual hours. It assumes a
37.5-hour work week, 28 holidays, and 14 sick days. In 2040: calculated on 1,400 annual
hours. It assumes a 30-hour work week, 30 holidays, and 12 sick days.

d Sick days in c. 1880 and c. 1995 are based on U.S. data and are applied to the 14
discretionary hours.

e Includes travel time to and from leisure-time activities. In c. 1880, seven holidays at
14 hours per day discretionary time provide 0.3 hour of leisure per day on a 365-day
basis. The corresponding figures are 1.1 hours per day in 1995 and 1.2 hours per day in
2040.

Source: Fogel 2000.

although there is another way of looking at these phenomena.3

Table 4.1, line 5, shows the remarkable reduction in average daily
work that has occurred for males in the U.S. labor force over the
past century.4 It also forecasts the future division of the average
day, indicating that by 2040 more than half of the discretionary
day will be devoted to leisure activities. The forecast is for a re-
duction of the work year from the current average of about 1,730
hours to just 1,400 hours (it was 3,100 hours in 1880), with the
average work week down to 30 hours, paid holidays up to 30, and
sick days at 14.
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The work day of women in 1880 was somewhat longer, and
in some respects may have been more arduous, than that of men.
There is evidence suggesting that the female work day in 1880 may
have run about 15 minutes longer than that of males, amounting
to perhaps 8.75 hours per day, on the basis of a 365-day year, or
about 3,200 hours annually.5

As a result of the mechanization of the household, smaller fami-
lies per household, and the marketing of prepared foods, the typical
nonemployed married woman today spends about 3.4 hours per
day engaged in housework; and if she is employed, the figure drops
to 2.1 hours. However, women in the labor force average about
4.6 hours per day as employees. Hence combining “work” with
“chores,” men and women work roughly equal amounts per day,
and both enjoy much more leisure than they used to. The principal
difference is that the gains of women have come exclusively from
the reduction in hours of housework, while the gains of men have
come from the reduction in the hours of employed work.6

I have so far retained the common distinction between “work”
and “leisure,” although these terms are already inaccurate and may
soon be obsolete. This distinction was invented when most people
were engaged in manual labor for 60 or 70 hours per week and
was intended to contrast with the elevated activities of the gentry
or their American equivalent, Thorstein Veblen’s “leisure class.”7

However, it should not be assumed that members of the leisure class
were indolent. In their youth they were students and athletes. In
their young adult years they were warriors. In their middle and later
ages they were judges, ministers of state, parliamentarians, bishops,
landlords, planters, merchant princes, other high officeholders, and
patrons of the arts. Whatever they did was for the pleasure it gave
them since they were so rich that earning money was not their
concern.

Hence, leisure is not a synonym for indolence but a reference to
desirable forms of effort or work (“work” is to be understood here
in the physiological rather than the economic sense). As George
Bernard Shaw put it, “labor is doing what we must; leisure is
doing what we like; and rest is doing nothing whilst our bodies
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and our minds are recovering from their fatigue.”8 To some extent
presently, and more so in the future as the average work week de-
clines toward 28 hours and retirement normally begins at age 55,
these terms will lose their pejorative connotation. Work will in-
creasingly mean activity under the compulsion of earning income,
regardless of whether the effort is manual or mental. And leisure
will mean purely voluntary activity, as was characteristic of the
English gentry or Veblen’s American leisure class, although it may
incidentally produce income. In order to avoid confusion, I reserve
the word “work” for use in its physiological sense, an activity that
requires energy above BMR and maintenance. Activity aimed pri-
marily at earning a living I will call “earnwork.” Purely voluntary
activity, even if it incidentally carries some payment with it, I will
call “volwork.”

It is not only daily and weekly hours of earnwork that have de-
clined. The share of lifetime discretionary hours spent in earnwork
has declined even more rapidly. Table 4.1 does not reflect the fact
that the average age on entering the labor force is about 5 years
later today than it was in 1880, that the number of holidays dur-
ing the work year has substantially increased, or that the expected
average period of retirement for those who live to age 20 is about
11 years longer today than it was in 1880.9

Thus, contrary to much of public opinion, the lifetime discre-
tionary hours spent earning a living have declined by about one-
third over the past century (see Table 4.2) despite the large increase
in the total of lifetime discretionary time. In 1880 four-fifths of dis-
cretionary time was spent earning a living. Today, the lion’s share
(59 percent) is spent doing what we like. Moreover, it appears prob-
able that by 2040, close to 75 percent of discretionary time will be
spent doing what we like, despite a further substantial increase in
discretionary time due to the continuing extension of the life span.

Why do so many people want to forgo earnwork that would
allow them to buy more food, clothing, housing, and other goods?
The answer turns partly on the extraordinary technological change
of the past century, which has not only greatly reduced the number
of hours of labor the average individual needs to obtain his or her
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Table 4.2 Estimated Trend in the Lifetime Distribution
of Discretionary Time

1880 1995 2040

1. Lifetime discretionary hours 225,900 298,500 321,900
2. Lifetime earnwork hours 182,100 122,400 75,900
3. Lifetime volwork hours 43,800 176,100 246,000

Note: Discretionary time excludes time required for sleep, eating, and vital hygiene, which
is taken to require an average of 10 hours per day. The availability of discretionary time is
taken to commence with the average age of entry into the labor force and includes chores,
travel to and from earnwork, and earnwork. Expected years of life after entering the labor
force is 41.9 in 1880, 53.0 in 1995, and 62 in 2040. Expected years in the labor force at
time of entry is 40.1 in 1880, 40.3 years in 1995, and 33 years in 2040.

Source: Fogel 2000.

food supply, but has also made housing, clothing, and a vast array
of consumer durables so cheap in real terms that total material
consumption requires far fewer hours of labor today than was
required over a lifetime for food alone in 1880.

Indeed, we have become so rich that we are approaching satu-
ration in the consumption not only of necessities, but also of goods
recently thought to be luxuries or that existed only as dreams of the
future during the first third of the twentieth century. Today there is
an average of nearly two cars per household in the United States.
Virtually everyone who is old enough and well enough to drive a
car has one. In the case of television, there are 0.8 sets per person
(2.2 per household). In some items such as radios, we seem to have
reached supersaturation, since there is now more than one radio
per ear (5.6 per household). The level of saturation for many con-
sumer durables is so high that even the poorest fifth of households
are well endowed with them.10

Consequently, the era of the household accumulation of con-
sumer durables that sparked the growth of many manufacturing
industries during the decades following World War II is largely
over in the United States. Most of the future purchases of con-
sumer durables in the United States will be for replacement and for
newly established households.11
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The point is not merely that we are reaching saturation in com-
modities that once defined the standard of living and quality of life,
but also that the hours of labor required to obtain them have dras-
tically declined. All in all, the commodities that used to account for
over 80 percent of household consumption can now be obtained in
greater abundance than previously, with less than a third of either
the market or the household labor once required.12

Dismantling Standard Working Hours

The entry of married women into the labor force on a wide scale
after World War II was a major step toward dismantling fixed
daily and weekly working hours.13 Married women often sought
jobs that could be pursued part-time. And many preferred jobs
that would permit them to work in blocks of time lasting several
months, after which they could take several months off without
losing the opportunity to return.

These new flexible arrangements are desired by an increasing
number of workers, both men and women, who want a life that is
not overwhelmed by earnwork. Although money and social status
matter to these workers, they are content with a lifestyle that places
greater emphasis on such values as family life, shared time, spiritual
values, and good health. A poll conducted in late 1995 reported
that 48 percent of U.S. adult earnworkers had either cut back on
hours of work, declined a promotion, reduced their commitments,
lowered their material expectations, or moved to a place with a
quieter life during the preceding 5 years.14 What is at issue for
such employees is time – time to enjoy the things they have, time to
spend with their families, time to figure out what life is all about,
and time to discover the spiritual side of life.15

In the mid-1980s most corporations looked on nontraditional
work arrangements with a jaundiced eye. Today a wide array of
U.S. corporations view these alternative working arrangements
as part of an inventory of personnel policies that increase cor-
porate productivity and reduce absenteeism, labor turnover, and
the cost of office space. By the second half of the 1990s, surveys
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were regularly reporting that top business firms had to address
family and diversity issues to remain competitive in the current
marketplace.16

Although the average annual hours of earnwork performed by
household heads has continued to decline over the past quarter
century, the combined hours of earnwork performed by households
with husbands and wives present has increased by 24 percent since
1969.17 These extra hours are concentrated in prime working ages,
and they are one of the main ways that couples are financing early
retirement.

What then is the virtue of increasing spending on retirement
and health rather than on goods? It is the virtue of providing con-
sumers in rich countries with what they want most. It is the virtue
of not insisting that individuals must increase earnwork an extra
10 hours a week or an extra 20,000 hours per lifetime in order to
produce more food or durables than they want just because such
consumption will keep factories humming. The point is that leisure-
time activities (including lifelong learning) – volwork – and health
care are the growth industries of the twenty-first century. They will
spark economic expansion during our age, just as agriculture did
in the eighteenth and early nineteenth centuries and as manufac-
turing, transportation, and utilities did in the late nineteenth and
much of the twentieth centuries.

The growing demand for health-care services is not due primar-
ily to a distortion of the price system but to the increasing effective-
ness of medical intervention. That increase since 1910 is strikingly
demonstrated by comparing the second and last columns of the line
on hernias in Table 2.1. Prior to World War II, hernias, when they
occurred, were generally permanent and often exceedingly painful
conditions. However, by the 1980s, about three-quarters of all vet-
erans who ever had hernias were cured of them. Similar progress
over the seven decades is indicated by the line on genitourinary
conditions, which shows that three-quarters of those who ever had
such conditions were cured of them. Other areas where medical
intervention has been highly effective include control of hyperten-
sion and reduction in the incidence of stroke, surgical removal of
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osteoarthritis, replacement of knee and hip joints, curing of
cataracts, and chemotherapies that reduce the incidence of osteo-
porosis and heart disease.18 It is the success in medical interventions
combined with rising incomes that has led to a huge increase in the
demand for medical services.

Opportunity for Self-Realization

Today ordinary people have time to enjoy those amenities of
life that only the rich could afford in abundance a century ago.
These amenities broaden the mind, enrich the soul, and relieve the
monotony of much of earnwork. They include travel, athletics, en-
joyment of the performing arts, education, and shared time with
the family.

Today people are increasingly concerned with the meaning of
their lives. Earthly self-realization was not an issue for ordinary
individuals in 1880, whose day was taken up almost entirely with
earning money for food, clothing, and shelter, and whose reward
was promised in heaven. A half century from now, perhaps even
sooner, when increases in productivity make it possible to provide
goods in abundance with half the labor required today, the issue
of life’s meaning and other matters of self-realization may take up
the bulk of discretionary time.

The forecasts embodied in Tables 4.1 and 4.2 imply that by
2040 those still in the labor force, as conventionally defined, will
have over 50 hours per week of leisure (volwork), that the average
age of retirement (the beginning of full-time volwork or the end of
regular earnwork) will begin at about age 55, and that the average
duration of full-time volwork will be about 35 years.19 Will OECD
nations have the resources to afford amounts of leisure that would
once have been considered luxurious and also provide high-quality
health care for an additional 7 or 8 years of life?

Assuming that the per capita income of OECD nations will con-
tinue to grow at a rate of 1.5 percent per annum, the resources to
finance such expanded demands will be abundant. This is a modest
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growth rate, well below the long-term experience since World
War II and also well below the experience of the past decade and a
half.20 Consider a typical new American household established in
1995 with the head aged 20 and with the spouse earning 36 percent
of the income of the head (i.e., the spouse works part time).21 Such
a household could accumulate the savings necessary to retire at
age 55, with a pension paying 60 percent of its peak life-cycle earn-
ings, by putting aside 14.7 percent of annual earning from the year
that the head and spouse enter the labor force. That pension would
permit retirees at age 55 to maintain their preretirement standard of
living, with a real income that would rank them among the richest
fifth of householders today.

By putting aside an additional 9.8 percent of income, the house-
hold can buy high-quality medical insurance that will cover the en-
tire family until the children (two) enter the labor force, and also
cover the parents’ medical needs between the time they retire and
age 83 (assumed to be the average age of death in their cohort).
Saving an additional 7.8 percent of income will permit parents to
finance the education of their children for 16 years through the
bachelor’s degree at a good university.22

What I have described is a provident fund of the type recently
introduced or under consideration in some of the newly industrial-
izing countries in Asia and Latin America.23 I have assumed that the
savings would be invested in conservatively run funds, such as the
Teacher’s Insurance and Annuity Association/College Retirement
Equities Fund (TIAA/CREF) that is subscribed to by most Amer-
ican universities for their faculties. These pension funds could be
managed by the government, by private firms, or as joint ventures.
The only requirement is that the funds invest in a balanced portfo-
lio of government and private securities that yield a respectable rate
of return and are kept insulated from irrelevant political pressures.
As in TIAA/CREF, individuals may be permitted modest latitude
in choosing among investment opportunities.

The point of the example is that prospective real resources are
adequate to finance early retirement, expanded high-quality educa-
tion, and an increasing level of high-quality medical care (I assume
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that medical expenditures will increase to about 21 percent of GDP
by 2040). The typical working household will still have 68 percent
of a substantially larger income than is typical today to spend on
other forms of consumption. Since current levels of food, cloth-
ing, and shelter will require a decreasing number of hours of work
during the family’s life cycle, dropping to about 20 percent of earn-
work hours just before retirement, families will be able to increase
their rate of accumulation in consumer durables and housing, or
increase expenditure on such consumables as travel, entertain-
ment, and education, or reduce hours of earnwork, or retire before
age 55.24

Embedded in my simulation is a suggestion for modernizing
current government systems of taxation and expenditure. Close to
half of what are called taxes are actually deferred income or forced
savings. In these cases, the government does not collect money for
its own benefit but merely acts as an intermediary in order to ensure
that money needed for later use (such as retirement) by individuals
is set aside for the stated purpose and then delivered to households
when needed. The particular form of intermediation exercised by
the U.S. government, however, is quite peculiar. Instead of setting
up an account in the name of the individual doing the savings, the
government transfers the funds to a person who had earlier deferred
consumption. At the same time, it promises the current taxpayer
that when he or she is ready to retire, the government will find new
taxpayers to provide the promised funds. Under normal circum-
stances, OECD governments provide this form of intermediation
quite efficiently. The cost to the government of administering the
U.S. Social Security system, for example, is less than six-tenths of
1 percent of expenditures.25

The problem with the current system, aside from the fact that
it gives the impression that personal savings are actually taxes, is
that its operation is subject to heavy political buffeting. As a con-
sequence, rates of return on the savings for deferred income are
highly variable and often far lower than they would have been
had they been invested in a fund similar to TIAA/CREF. More-
over, the current system is affected by variations in the fertility and
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mortality rates that have created financial crises and thrown into
doubt governments’ promises that they will be able to provide the
money supposedly set aside for later retirement income, health care,
or education.

The crisis, then, is not in a nation’s resources for providing ex-
tended retirement, improved health care, and extended education,
but in the clumsy system for financing these services. The crisis is to
a large extent due to accidents of history. When the original social
security systems were established prior to World War I, they were
intended to be class transfers. The levels of transfers were modest,
supplying the elderly with barely enough food to keep them from
starving. Such payments were not generally expected to cover the
cost of housing or other necessities of life. Moreover, only a small
percentage of a cohort was expected to live long enough to become
eligible for the benefits, and the average duration of support was
expected to be only a few years. Under these circumstances, a tax
of 1 or 2 percent on the income of the richest 5 percent of the
population was adequate to fund the program. The rich of Prussia
and Great Britain were prepared to bear this cost for the sake of
political stability.26

Over the course of the twentieth century, however, the enor-
mous increase in life expectancy and the rising standard of living
led to much longer periods of retirement and much higher levels
of support after retirement. Such programs could no longer be fi-
nanced through a highly concentrated class tax. To support more
expensive pension systems, taxes had to be extended to the entire
working population. In so doing, social security programs were
transformed from redistribution schemes into systems of forced
savings, although the transformation in the nature of these systems
was obscure to most participants.

Modernization of the essentially self-financed programs for re-
tirement, health care, and education from their current unsustain-
able systems of financing to a more transparent system of forced
savings in provident funds is not easy.27 If provident funds were
being established anew, as in the case of Malaysia, no special prob-
lem would confront OECD nations. All individuals currently in the



78 the escape from hunger and premature death, 1700–2100

labor force would be required to set aside 32 percent of their in-
come in a TIAA/CREF type of account to use later for the specified
purposes. Although that can also be done in rich countries that cur-
rently have social insurance systems, they are confronted with the
burden of meeting trillions of dollars of debt to savers under the old
system. It is immoral and politically impossible to default on this
obligation. Nevertheless, because of demographic factors and the
unstoppable movement toward early retirement, some adjustment
in the old system will have to be made.

The problem is one of intergenerational equity. It has been esti-
mated that provident funds could be established today in the United
States, and the obligations to individuals could be met under the
old system, by installing a national sales tax of about 10 percent,
which would continue until the last of the individuals who had paid
into the old Social Security and Medicare funds had died.28 In other
words, this new tax would be greatest today and gradually dimin-
ish over the next century. A difficulty with this approach is that
it places the greatest burden on the current generation. It would
probably be desirable to spread this debt over several generations
in order to minimize the cost of the change imposed on a particular
generation. One way of spreading the burden of changing to a new
system would be to borrow the funds as needed, using government
securities. These securities would then be retired with taxes spread
over several generations.

The problems preventing individuals from making use of the
abundant resources that they have created are purely administra-
tive. They can be solved in a manner that does not force individuals
to forgo increased leisure while still in the labor force, extended re-
tirement, expanded education for themselves and for their children,
and the full benefits of modern medicine.

I have focused this analysis on the typical (median or average
income) household in order to demonstrate that the economies
of OECD nations have the prospective resources to permit early
retirement, expanded education, and expanded medical care. Un-
fortunately, the income of some households is so low that saving
32 percent of earnings would not provide a provident fund large
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enough to permit decent retirement, health care, and education for
these households. This is not a problem of inadequate national
resources but of inequity. Such inequities can continue to be ad-
dressed by redistributing income from rich to poor households by
taxes and subsidies. Correcting these inequities does not require
restricting retirement or health care.

Self-realization requires good health and extensive leisure. The
process of technophysio evolution is satisfying these conditions.
Self-realization also requires, however, an answer to the question
that persons with leisure have contemplated for more than 2,000
years: how do individuals realize their fullest potential? Techno-
physio evolution is making it possible to extend this quest from
a minute fraction of the population to almost the whole of it. Al-
though those who are retired will have more time to pursue this
issue, even those still in the labor force will have sufficient leisure
to seek self-realization either within their occupations or outside
of them.29

One implication of this analysis is that decision makers both in
government and in the private sector now need to review existing
policies for their bearing on the timely growth of institutions that
will satisfy an expanding demand for volwork. Some may consider
it premature to speculate on the new forms of human activity that
will come into being in order to provide solutions to the quest
for self-realization. Nevertheless, I believe that one of the solutions
will be lifelong education – education not to train for an occupation
but to provide a better understanding of ourselves and our world.
What is required is more than an expansion of existing universi-
ties and other forms of adult education. Entirely new educational
forms are needed that aim at satisfying not only curiosity, but also a
longing for spiritual insights that enhance the meaning of life, and
that combine entertainment with edification and sociality. I believe
that the desire to understand ourselves and our environment is one
of the fundamental driving forces of humanity, on a par with the
most basic material needs. Moreover, as per capita incomes rise and
the costs of necessities and consumer durables continue to plunge,
individuals and households will spend ever larger shares of their
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income on services that improve health, enhance knowledge, and
are spiritually uplifting.30

Prospects for Continued Decline in the Burden
of Health Care

Both environmental improvements and advances in biomedical
technology contributed to a striking decline in prevalence rates of
chronic conditions in high-income countries during the twentieth
century. This development is illustrated for the United States by
Table 4.3, which compares prevalence rates among veterans of
65 years or older around 1910 and veterans of the same ages in
the mid-1980s. Even before the impact of alleviating medical inter-
vention is considered, Table 4.3 shows that prevalence rates were
down by 29 to 52 percent over the course of the seven and a half
decades separating the elderly cohorts. But for two of the disorders,
genitourinary conditions and central nervous system, endocrine,
metabolic, and blood diseases, prevalence rates were higher in the
mid-1980s than in 1910.

Medical intervention reduced prevalence rates for all six dis-
orders. Such interventions were especially effective in chronic di-
gestive and genitourinary disorders, where prevalence rates were
cut 60 percent and 70 percent, respectively. In the cases of muscu-
loskeletal, circulatory, and respiratory disorders, the main impact
of medical intervention has been to reduce the severity of the con-
ditions rather than to eliminate them. Whether various medical
interventions cured disorders or merely attenuated them, they usu-
ally contributed to extending the duration of chronic conditions
by postponing death. In other words, medical intervention appears
to have had the ironic effect of increasing the duration of some
disorders.

It is not yet certain whether environmental improvements and
medical interventions reduced or increased the overall average du-
ration of chronic diseases over the course of the twentieth century.
Preliminary analysis indicates that the average age of onset of key
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chronic disorders began much earlier at the beginning of the twen-
tieth century than at the end of it among males: 11 years earlier,
on average, in the cases of arthritis and respiratory disease, 9 years
earlier in the case of heart disease, and 8 years earlier in the case
of neoplasms.31 But this effect is partly offset by an extension in
life expectancy at age 50 of about 5 years for the elderly of the late
1980s.

Partitioning the decline in prevalence rates into environmental
effects and medical intervention effects is quite complex because of
the long-term effect of nutritional and other biomedical insults at
earlier ages on the odds of developing chronic diseases at middle
and late ages. Although such life-cycle effects have long been sus-
pected in particular diseases, it is only recently that a substantial
body of evidence bearing on the interconnections has been amassed.
Longitudinal studies connecting chronic diseases at maturity, mid-
dle ages, and late ages to conditions in utero and infancy were
reported with increasing frequency beginning in the 1980s and ex-
tending through the 1990s. The exact mechanisms by which mal-
nutrition and trauma at early ages affect waiting time to the onset
of chronic diseases are still unclear, but it seems reasonable to infer
that environmental insults during the period when cell growth is
rapid could lead to long-lasting impairments of vital organs.

The connections of alcohol consumption and smoking during
pregnancy to the damaging of the central nervous system of fetuses
were established by the early 1980s. Although suggested as early
as 1968, evidence confirming that PEM could cause permanent
impairment of central nervous system function accumulated in the
1990s. New evidence also indicated that iodine deficiency in utero
and severe to moderate iron deficiency during infancy could also
cause permanent neurological damage.

Perhaps the most far-reaching studies connecting early-age in-
sults and chronic conditions at later ages were those undertaken by
the Environmental Epidemiological Unit of the British Medical Re-
search Council at the University of Southampton. Based on studies
of a large sample of birth records linked to medical records at mid-
dle and late ages, they reported that such conditions as coronary



prospects for the twenty-first century 83

heart disease, hypertension, stroke, type II diabetes, and autoim-
mune thyroiditis began in utero or in infancy but did not become
apparent until mid-adult or later ages.32 Although numerous ques-
tions were raised about the validity of these findings during the
first half of the 1990s, the second half of the decade witnessed a
substantial expansion of research into the connection between char-
acteristics before age 1 year and the later onset of chronic diseases
(or premature mortality), much of which confirmed the original
studies.33

The theory of a nexus between environmental insults in utero
or at early ages and the onset of chronic diseases at later ages sug-
gests that the rapid advances in public health technology between
1890 and 1950 should contribute to a continuing decline in the
prevalence rates of chronic diseases and perhaps even to an ac-
celeration of this decline. The first half of the twentieth century
witnessed an avalanche of new technologies that improved the en-
vironment, including the cleaning up of the water and milk supplies,
the widespread draining of swamps, the improvement of garbage
disposal and sewage systems, the rapid reduction in the use of ani-
mals (especially in cities) for transportation, the switch to electricity
and to fuels with a lower carbon content than had been used previ-
ously, and the rapid advance in obstetric technology and neonatal
care. This period also witnessed significant improvements in the
diversity of the food supply throughout the year and the beginning
of dietary supplements that improved year-round consumption of
vitamins and other trace elements.

Evidence that the rate of decline in chronic and disabling condi-
tions may be accelerating has been reported by the investigators at
the Center for Demographic Studies at Duke University who have
made use of data obtained from National Long-Term Care Surveys
conducted between 1982 and 1999. This study reported an aver-
age annual decline of about 1.7 percent in disability rates during
the 17-year period. However, when this period was broken into
three parts, there was a statistically significant acceleration in the
rate of decline during the second and third parts of the period as
compared with the first part. The study attributes the acceleration
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to a variety of health and socioeconomic factors, including the level
of education, which increased markedly and rapidly during the first
half of the twentieth century.34

Does the mounting evidence of the long-term decline in the
prevalence rate of chronic diseases, and what also may be an accel-
eration in the long-term rate of decline, mean that the “supply” of
treatable chronic diseases is declining? I use the word “supply” in
order to distinguish the physiological burden of health care from
the demand for health care services, which may rise even if the
physiological burden remains constant or declines. Moreover, I use
a different definition of the burden of disease than that employed
by the WHO and the World Bank.35 They treat death as the maxi-
mum burden of disease, as it should be from an ethical standpoint.
However, from a financial standpoint, death terminates health care
expenditures on a particular individual. Consequently, to address
the question of whether declines in physiological prevalence rates
will relieve current fiscal pressures on the health care systems of
OECD nations, it is necessary to weight the existence of a partic-
ular chronic disease by the cost of treating that condition, which
generally increases with age.

Such an index is shown in Figure 4.1. In this figure the burden
of per capita health care costs, which is based on U.S. data, is stan-
dardized at 100 for ages 50–54. Figure 4.1 shows that the financial
burden of health care per capita rises slowly in the 50s, accelerates
in the 60s, accelerates again in the 70s, and accelerates even more
rapidly after the mid-80s. The financial per capita burden at age 85
and over is nearly six times as high as the burden at ages 50–54.
Notice that the financial burden of health care at ages 85 and above
is over 75 percent higher per capita than at ages 75–79. However,
the physiological prevalence rate (number of conditions per person)
is roughly constant at ages 80 and over.

Costs rise, even though the number of conditions per person
remains constant, because the severity of the conditions increases
or because the cost of preventing further deterioration, or even par-
tially reversing deterioration, increases with age. It should be kept
in mind that standard prevalence rates merely count the number
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Figure 4.1 Relative Burden of Health Care by Age, U.S. Data c. 1996
(average burden of 50- to 54-year-olds = 100).
Sources: Fogel 2000, Table 5D.1; Federal Interagency Forum on Aging-Related Statis-
tics 2000, Table 26B.

of conditions, neglecting both the increasing physiological deteri-
oration with age and the rising cost of treatment per condition.
Figure 4.1 indicates that to forecast the future financial burden of
health care, it is necessary to make use of a function of the age-
specific cost of health care, such as that shown in Figure 4.1. It
is also necessary to adjust for the changing age structure of the
population and the changing specific cost at each age.

What, then, can be said about the likely movements in the curve
of the relative burden of health care costs at ages 50 and over during
the next generation? Figure 4.2 lays out three possibilities. The first
possibility is that there will be a proportional downward shift in
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the curve (Case A). This is the curve implied by using the change in
the average prevalence rate, which implies a shift downward at a
constant average rate at all ages. The example shown in Figure 4.2
implies a decline in average prevalence rates of 1.2 percent per
annum,36 which locates all of the points in Case A at about two-
thirds of the previous level. If I had used 1.5 percent, the points on
the Case A curve would all be located at about 60 percent of the
original level.

A second alternative, shown as Case B in Figure 4.2, is that the
curve of disease burden by age will shift to the right. The Case B
curve was constructed on the assumption that over the course of
a generation the average age of onset of chronic conditions is de-
layed by about 5 years. This assumption is supported by a number
of epidemiological studies in the Netherlands, Britain, the United
States, and elsewhere. This forecast is based partly on the evidence
that the average age of the onset of chronic disabilities has been
declining since the start of the twentieth century.
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Figure 4.3 Index of Average Annual Health Care Costs by Year before
Death.

It is also based on studies of the relative cost of health care by
years before death. These studies have produced the curve shown
in Figure 4.3, which is standardized on the average costs of health
care for all persons age 65 and over in the U.S. Medicare program.
Figure 4.3 shows that 5 years before the year of death, the annual
health cost is virtually the same as all annual Medicare costs per
capita. By the second year before death the cost has risen by about
60 percent, and in the year of death the annual cost exceeds the
average by over four times. Indeed, expenditures on persons during
their last 2 years of life account for 40 percent of all Medicare
expenditures.

The pattern portrayed in Figure 4.3 has not changed signifi-
cantly over the past two decades. The relative constancy in health
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care costs by years before death supports Case B in Figure 4.2,
since it implies that no matter how far to the right the health care
curve shifts, age-specific costs will eventually rise sharply as the
proportion of persons who die in any given age category increases.

Figure 4.2 shows a third possibility, Case C. In that case, the
curve of age-specific health costs twists. At ages 50 through 64 the
curve shifts downward, while at ages above 65 the curve rises.
The downward shift before age 65 is due to a presumed acceleration
in the delay in the onset of chronic diseases and an initially slower
rate of deterioration. The sharper rise after age 65 is due partly to
a diffusion of the most expensive interventions and partly to the
assumption that the more effective interventions of the future will
also be more expensive.

Forecasting Trends in the Demand for
Health Care Services

So far, I have focused purely on the economic burden of treat-
able chronic conditions. Figures 4.1 and 4.2 focused on the cost-
adjusted supply of treatable conditions. I now want to consider the
likely trend in the demand for health care services by consumers.
Table 4.4 presents the change in the structure of consumption in
the United States between 1875 and 1995. The trend in the struc-
ture of consumption in other OECD nations has been quite similar.
The term “expanded consumption” takes account of the fact that
as income has increased, consumers have preferred to take an in-
creasing share of their real income in the form of leisure rather than
in purchasing more commodities, as would be possible if they did
not reduce their hours of work.

One notable feature of Table 4.4 is the change in the share of
income spent on food, clothing, and shelter, which has declined
from 74 percent of expanded consumption to just 13 percent over
the 120-year period. Another striking change is the share of income
spent on health care, which has increased nine-fold, from 1 percent
of expenditures to 9 percent.
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Table 4.4 The Long-Term Trend in the Structure of
Consumption and the Implied Income Elasticities of
Several Consumption Categories

Distribution of
Consumption (%)

Consumption Long-Term
Class 1875 1995 Income Elasticities

Food 49 5 0.2
Clothing 12 2 0.3
Shelter 13 6 0.7
Health care 1 9 1.6
Education 1 5 1.6
Other 6 7 1.1
Leisure 18 68 1.5

Source: Fogel 2000.

For purposes of forecasting, the most important feature of
Table 4.4 is the last column, which presents the long-term income
elasticities for each category of expenditures. The “income elas-
ticity” is defined as the percentage increase in expenditures on a
given commodity that will occur with a 1 percent increase in in-
come. Notice that the income elasticities for food and clothing are
quite low, which means that the share of these items in total con-
sumption will continue to decline. An income elasticity of 1 means
that the share of a given item in total consumption will remain con-
stant. Notice that shelter, which includes most consumer durables,
is closer to but still below 1. On the other hand, the income elas-
ticities for health care, education, and leisure are all well above 1.
The income elasticity of 1.6 means that income expenditures on
health care in the United States are likely to rise from a current
level of about 14 percent of GDP to about 21 percent of GDP
in 2040.

Is that bad? Should such a development be avoided? Should gov-
ernments seek to thwart consumer demand for health care services?
Such a policy would be necessary only if OECD nations lacked the
resources to provide that much health care. However, the growth in
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productivity of traditional commodities, including food, clothing,
shelter, and consumer durables, will release the resources required
to provide expanded health care. In the United States a century ago,
it took about 1,700 hours of work to purchase the annual food
supply for a family. Today it requires just 260 hours. If agricultural
productivity grows at just two-thirds of its recent rates, then by
2040 a family’s annual food supply may be purchased with about
160 hours of labor.

A recent study of the role of the change in the benefits and
costs of health care conducted by investigators at the National
Bureau of Economic Research (NBER) concluded that the benefits
of health care services over the past 40 years have more than justi-
fied their costs. This analysis suggests a fundamental repositioning
of the public debate about medical care from how governments
can limit spending to how to get the most out of the spending that
is undertaken.37 Other NBER investigators have also suggested
changing the methods of health care financing so that the con-
sumer demand for increasingly effective services is not unnecessar-
ily thwarted.38

Forecasting Health Care Costs in China and Other
Third World Countries

A number of factors suggest that health costs will rise more rapidly
as a percentage of national income among Third World nations
that are now entering into modern economic growth than has been
the case in OECD countries. Some of these factors are on the sup-
ply side, while others are on the demand side. My argument can be
illustrated by considering the case of China.

The supply of chronic conditions that require treatment is much
greater at middle and late ages in China than the supply that cur-
rently exists in OECD nations. This heavy burden of chronic dis-
eases is due partly to the remarkable rate of increase in life ex-
pectancy since 1950. Life expectancy in China in 1950 was only
41 years at birth, which means that the infant death rate was close
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Table 4.5 Average Number of Chronic Conditions
per U.S. Male in 1900 and in the 1990s

Average Annual Rate
Age c. 1900 1992–96 of Decline (%)

50–54 3.3 1.0 1.3
55–59 4.5 1.4 1.2
60–64 5.6 1.6 1.3
65–69 6.2 1.9 1.3

Sources: For 1900, the Union Army Data Set collected by the Cen-
ter for Population Economics at the University of Chicago (see
http://www.cpe.uchicago.edu); for 1992–96, the Health and Retire-
ment Study surveys (see http://hrsonline.isr.umich.edu/).

to 200 per thousand.39 Such a low life expectancy and such a high
infant death rate mean that those who survived to middle ages ex-
perienced severe biomedical and socioeconomic insults in utero, in
infancy, and in later developmental ages. Despite the rapid advances
in public health and strong economic growth, the negative condi-
tions that influenced physiological development remained severe
into the early 1960s. As I have already pointed out, such early-life
insults reduce the waiting time to the onset of chronic diseases at
later ages and increase their severity.

Consequently, individuals who are age 50 and older in China
today will have far higher prevalence rates of chronic diseases than
is the case in OECD nations. One would have to go back at least
to the beginning of the twentieth century in OECD countries to
approximate the burden of chronic diseases in China today. This
point is illustrated by Table 4.5, which shows the average number
of chronic conditions per person in the United States at middle
and later ages at both the beginning and the end of the twentieth
century. In 1900 there were about three times as many chronic
conditions per person on average at ages 50–54 as there were in
the mid-1990s. Roughly the same proportion exists in the other age
intervals shown in Table 4.5. By ages 65–69 the average American
male in 1900 suffered from more than six chronic conditions, many
of which were severely debilitating.
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Table 4.6 Average Capacity of Males
to Engage in Manual Labor, by Age,
c. 1900 (percentages)

Capacity to Engage in
Age Manual Labor

50–54 0.75
55–59 0.56
60–64 0.34
65–69 0.17
70–74 0.08
75 and over 0.04

Note: Capacity at prime ages = 100.

Source: Union Army Data Set collected by the
Center for Population Economics at the University
of Chicago (see http://www.cpe.uchicago.edu).

Just how debilitating the epidemiological regime is in poor coun-
tries is indicated by Table 4.6. This table reports the average capac-
ity of American men to engage in manual labor at the beginning
of the twentieth century. If we take work capacity between ages 25
and 29 to be 100 percent, by ages 50–54 the capacity to engage in
manual labor had dropped to 75 percent. By ages 60 to 64, work
capacity was only a third of the peak. After age 70, work capacity
was less than 10 percent of the peak. Of course, a low capacity to
work means considerable suffering from a variety of chronic con-
ditions. So the process of aging under conditions of poverty means
not only that individuals have multiple disabilities, but also that
these conditions are extremely debilitating.

By itself, a large supply of disabilities does not create a high level
of demand for health care. In order for the demand for health care
to be high, income has to be high. Individuals do not spend large
amounts on health care when nearly all of their income must be
devoted to food, clothing, and shelter. In the United States during
the late nineteenth century, when chronic conditions were much
more widespread than they are today and the severity of these con-
ditions was much greater than it is today, less than 2 percent of in-
come was spent on health care. Today, however, despite much lower
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age-specific prevalence rates of chronic conditions, the United
States spends some 14 percent of GDP on health care.40

The experience of OECD nations suggests that health care costs
will rise more rapidly in China as a share of GDP than they did
in OECD countries. A higher rate of growth in health care costs
would be expected even if the income elasticity of demand in China
is the same as it has been in OECD countries. If, for example,
China’s GDP grows at 8 percent per annum between 2000 and
2030, the share of health care services in GDP would rise from
under 3 percent to about 8.5 percent during the same period.

It is likely, however, that the income elasticity of the demand for
health care will be somewhat higher in China during these three
decades than it has been in OECD countries. I base this forecast
partly on the rapid rate of increase in urbanization that can be
expected in China over the three decades. The changing proportion
of the population living in cities will raise the demand for health
care for a number of reasons. First, traditional medicine is preferred
in rural regions, while Western medicine is preferred in the cities;
the cost of Western medicine per user is much higher than the cost
of traditional medicine. Consequently, the change in the share of
the population living in cities will increase the total cost of medical
care more rapidly than the growth of demand for medical care
within each of the two geographical sectors taken separately.

Second, the rate of change in biomedical technology is very
rapid and accelerating. So far, technological change in Western
medicine has tended to increase its cost rather than reduce it.
Although some procedures, such as coronary bypass operations,
are somewhat cheaper than they used to be, many procedures are
more expensive. Individuals are willing to accept more expensive
procedures because they are also usually more effective. Indeed,
the rapid decline in the price of chip-making has made it possi-
ble to design new mechanisms that could not have been consid-
ered with the older technology but that, for this reason, are more
expensive.

China is still early in the process of investing in consumer
durables. The penetration level of automobiles is still a very small
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percentage of all households. However, the penetration of other
consumer durables, such as refrigerators and television sets, is near-
ing 80 percent. As households achieve their objectives with respect
to consumer durables, the share of income spent on health care
will increase. In this connection, it should be kept in mind that
the income level of households in big cities is relatively high by in-
ternational standards. For example, per capita income in the 14
open coastal cities is more than three and a half times the national
per capita income. Put on an international scale, using purchasing-
power parity (PPP), the average per capita income of these cities
in 1999 was about $11,700.00.41 Hence, the average household in
these large cities has an income equal to that of the richest coun-
tries in the category that the World Bank classifies as upper middle
income. At such levels of income – as high, for example, as those
of Argentina, Chile, Greece, or the Czech Republic – pressures on
the health care system become similar to those that exist in OECD
nations. Hence, if the growth of cities with more than 1 million
people is more rapid than the growth of smaller cities, that will be
an additional factor promoting an income elasticity of the demand
for health care that is greater than 1.6.

Three other factors that will tend to stimulate the growth of
the demand for health care should be mentioned. One is the in-
creasing level of education. Another is the increasing use of the
computer and the Internet. A third is the growth of insurance com-
panies, which is being accelerated by China’s entry into the World
Trade Organization (WTO). All three of these developments pro-
mote knowledge of the effectiveness of the high-tech procedures
in Western medicine and increase the demand for them. Moreover,
the speed at which the newest, and generally the more expensive,
procedures and drugs become known will tend to be even greater
in the future.

Still another factor promoting the demand for health care ser-
vices is the growth of the population and the change in age com-
position. During the next 30 years, the population of China will
increase by about 27 percent and the proportion of the popula-
tion over age 50 (the age at which the prevalence rate of chronic
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conditions begins to accelerate rapidly) will increase from 19 per-
cent to 34 percent.42

Public policy should not be aimed at suppressing the demand
for health care. Expenditures on health care are driven by demand,
which is spurred by income and by advances in biotechnology that
make health interventions increasingly effective. Just as electricity
and manufacturing were the industries that stimulated the growth
of the rest of the economy at the beginning of the twentieth cen-
tury, health care is the growth industry of the twenty-first century.
It is a leading sector, which means that expenditures on health
care will pull forward a wide array of other industries including
manufacturing, education, financial services, communications, and
construction.

The pressure to suppress health care expenditures arises from
the way that governments and businesses currently provide insur-
ance in both OECD countries and China. These institutions need
to provide a basic and affordable package of health services. Be-
yond that, they should offer additional policies at higher costs that
provide upscale services (such as private rooms, the most expensive
alternative procedures and medicines, the shortest waiting time, the
fullest coverage of optional services, and access to physicians any-
where in the country, not just in local clinics). Health care is not a
homogeneous good, all of which is essential. There are large luxury
components in health services that may appeal to some tastes but
that are not necessary for sound basic health care. It is, of course,
necessary to provide medical care for those who are too poor to
purchase it from their own resources, but for those with more re-
sources, shifting to private savings accounts for health services is an
effective way to relieve pressure on the finances of both businesses
and government.



5

Problems of Equity in Health Care

In the United States and around the world, concern is growing
about who gets health care. Individuals from different socioeco-

nomic backgrounds face distressingly different prospects of living
a healthy life. As numerous studies confirm, the disparities in vari-
ous measures of health between the privileged and the deprived still
remain wide, even in rich countries, despite the long-term tendency
toward a healthier society.1

Some investigators believe that the disparities are actually in-
creasing. They suggest that the shift in the health care system in
advanced industrial countries from the principle of universal access
to a more market-oriented system may be one cause of the grow-
ing disparities they observe; rising income inequality is another
potential culprit.

Policy makers worldwide meanwhile speak of more efficiently
delivering “essential” health care, but nobody is certain what this
means in practice.

What counts as essential in health care? What is the optimal mix
of private and government components of health care services? To
answer these questions, it is necessary to confront the question
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of how to define essential health care and then explore the policy
implications of the analysis.

Standards for Rationing

International organizations such as WHO and the OECD have
called on all countries to guarantee delivery of “high-quality essen-
tial care to all persons, defined mostly by criteria of effectiveness,
cost and social acceptability.”2 Cost has become a controlling issue
since the health care systems established in most OECD countries
after World War II, which sought to guarantee complete health
care for all through government-run health or insurance systems,
have become so expensive that they now threaten the fiscal stabil-
ity of governments. As incomes rose, the public demand for health
services increased much more rapidly than income (because of the
high income elasticity of the demand for health care), making the
cost of operating such systems unsustainable.

The new systems of essential care now being developed in
OECD countries recognize the necessity of explicitly establish-
ing priorities among health interventions (rather than unlimited
coverage), which means that it has become necessary to ration
health care services much more tightly than was previously con-
ceded. In order to guarantee that the health of the poor is not
neglected under the new system, WHO proposes three principles:
health care services should be prepaid (i.e., taxes for health care
should be collected throughout the working life, even though
the need for services is relatively low during young adult and
middle ages); those who are healthy should subsidize those who
are sick (which means that taxes should not be adjusted to re-
flect differential health risks, as policy rates often are under pri-
vate insurance); and the rich should subsidize the poor (which
means both that the rich should pay higher health taxes than
the poor and that the quality of service in government-run pro-
grams should be no better or more comprehensive for privileged
groups).3
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This recommended standard explicitly recognizes that privately
funded health programs and private insurance will need to provide
a major part of a nation’s health services. Since persons in the upper
half of income distributions tend to spend more on health services
than poorer people do, the distribution of health services is bound
to be unequal. In fact, all OECD countries currently have mixed
private and governmental systems, ranging from about 85 percent
of total expenditures made by the government in Great Britain to
about 45 percent in the United States.4 It is likely that the reforms
now in progress will generally increase the private share of health
care services.

There is no clear agreement currently on the optimal mix of
private and government components of health care services. There
is not much literature on this question, nor is there a consensus on
the criteria that should be invoked to resolve the issue. Moreover,
conditions vary so much from country to country that the optimal
mix cannot be the same for all countries.

In very poor countries, where the need for health care services
is great, the average annual level of per capita expenditures from
both sources is shockingly low. In such countries as Ethiopia, Haiti,
Indonesia, and Nepal, annual per capita expenditures range be-
tween $20 and $56 (using international dollars, which adjust ex-
change rates for the domestic purchasing power of a country’s cur-
rency). In India the figure is a still a very low $84, and in China it is
$74. By contrast, the figures for the five largest countries of Western
Europe are: Germany $2,365, France $2,135, Italy $1,824, Spain
$1,211, and the United Kingdom $1,193. Annual per capita ex-
penditures in the United States on health care, $3,724, are more
than 3 times the British figure and more than 1.5 times the German
figure. The spending of the typical American in 10 days exceeds
the average annual expenditures of people living in countries with
more than three-fifths of the world’s population.

The fact that Europeans spend so much less on health care than
Americans has led some critics to argue that the American system
is wasteful. This contention is often buttressed by the fact that
American disability-adjusted life expectancy at birth is less than
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that of France, Spain, Italy, the United Kingdom, and Germany. If
all those extra dollars spent by Americans are not buying better
health and longer lives, what are they buying?

It is not yet possible to provide an adequate answer to that
question. It is often assumed that the increase in longevity over the
past two or three decades is due primarily to the increased amount
and quality of health care services. There is no doubt that medical
interventions have saved many lives, especially in such areas as
infectious diseases, cancer, and heart disease. However, we cannot
yet say how much of the 6 or so years of increased life expectancy
since 1970 is due to medical interventions and how much is due
to better levels of education, improvements in housing, and other
factors that contribute to the increase in life expectancy.

Some recent findings suggest that most of the huge increase in
life expectancy since 1900 is due to the large investment in public
health programs between 1880 and World War II that cleaned up
the water and milk supplies, developed modern waste disposal sys-
tems, reduced air pollution, and improved the nutritional status.5

Of course, these public health programs were prompted by ad-
vances in medical knowledge. But the research behind these public
health advances represents a relatively small part of what is in-
cluded in the category of health expenditures. In the United States,
for example, medical research (not including research and develop-
ment [R&D] of drug companies and providers of medical equip-
ment and supplies) adds up to just 1.7 percent of national health
expenditures.

Since deaths due to infectious diseases are now a small propor-
tion of total deaths, it might seem that environmental improve-
ments that were so important in reducing health risks before 1950
have been exhausted. Such a conclusion is premature. A series of
recent studies has reported a connection between exposure to stress
(biological and social) in early life, including insults in utero and
during infancy, with the onset of chronic diseases at middle and
late ages and with reduced life expectancy. The strongest evidence
for such links that has emerged thus far is with respect to hyper-
tension, coronary heart disease, and type II diabetes.6 A review of
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32 papers dealing with the relationship between birth weight and
hypertension showed a tendency for blood pressure to increase in
middle age as birth weight declined.7 Evidence of a connection be-
tween birth size and later coronary heart disease has been found
in England, Wales, Sweden, India, and Finland.8 The number of
studies confirming the impact of insults during developmental ages
on health in later life has increased substantially since 1994.9

One of the strongest recent confirmations of the impact of early
life events on longevity is a study reporting a statistically signif-
icant relationship between longevity after age 50 and week of
birth for cohorts born between 1863 and 1918. In the Northern
Hemisphere, average length of life is shortest for those born in the
second quarter of the year and longest for those born in the fourth
quarter. In Australia, the relationship between birth month and
longevity exists but the peak and trough are the mirror image of
those in the Northern Hemisphere.10 This result, which is appar-
ently related to seasonal variations in nutritional status, has also
been found in the American data for cohorts born between 1820
and 1850.11 Consequently, we cannot rule out the proposition that
one of the biggest factors influencing the prevalence rates of the
chronic diseases among the elderly in 2001 (and which accounts
for a huge slice of national medical expenditures) was their expo-
sure to environmental insults half a century or more ago.

These new scientific findings are directly relevant to the prob-
lem of how to define essential health care and how to divide the
national budget for health (regardless of how it is financed) among
competing needs. It may well be that a very large increase in ex-
penditures on antenatal care and pediatric care in infancy and early
childhood is the most effective way to improve health over the en-
tire life cycle by delaying the onset of chronic diseases, alleviating
their severity if they do occur, and increasing longevity.

Whatever the virtues of such a strategy, it raises the issue of in-
tergenerational bias. This strategy gives a preference to the unborn
and the very young over the immediate needs of the elderly. It is a
double blow to the elderly, who are now suffering from the early
onset of chronic conditions and premature disability because of
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environmental insults they incurred in utero and in early childhood.
Yet, under a strategy that emphasizes antenatal and early child-
hood care, in order to make new generations better off throughout
their life cycles, the elderly of today will be asked to restrain their
demand for relief.

It is much easier to define essential care in the impoverished na-
tions of the world, because their alternatives are so stark. They are
still suffering from killing and crippling diseases, virtually elimi-
nated from OECD nations, that can be vanquished at quite modest
costs compared to the expensive procedures routinely used to deal
with more moderate complaints in rich countries. The prospects of
the poorest billion in the Third World can be “radically improved
by targeting a relatively small set of diseases and conditions.”12

The urgent needs include the distribution of drugs to combat
tuberculosis, malaria, and acute gastrointestinal and respiratory
infections; vaccines to prevent measles, tetanus, and diphtheria; and
improved nutrition to revitalize immune systems, reduce perinatal
deaths, lower death rates from a wide range of infectious diseases,
and improve the functioning of the central nervous system. The
Commission on Macroeconomics and Health (CMH) of WHO has
estimated that 87 percent of deaths among children under age 5,
71 percent of deaths between ages 5 and 29, and 47 percent of
deaths between ages 30 and 69 can be avoided by making use of
available drugs and vaccines, by the delivery of vital nutrients, and
by public health programs aimed at producing safe water supplies,
improved sanitation, and improved health education.13 CMH es-
timates that donations from private and public sources in OECD
countries, amounting to just 0.14 percent of their combined GDP,
will be enough to achieve these objectives rapidly.14

Defining essential health care for the United States is more prob-
lematic because the technologies needed for rapid and dramatic im-
provements in health and longevity are still on the drawing board,
in contrast to poor countries, where the problem is how to de-
liver effectively known health technologies. To clarify the issue of
essential care in a country where per capita expenditures on health
exceed those of poor nations by 50 to 150 times, it is necessary to
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consider exactly what it is that our luxurious (even by European
standards) expenditures are buying.

Saving lives, as important as it is and as effective at it as mod-
ern medicine has become, is not the main activity of physicians
and other health professionals. As I have already indicated, it
is likely that past public health reforms, improvements in nutri-
tion and other living standards, and the democratization of educa-
tion have done much more to increase longevity than has clinical
medicine. The main thing that physicians do is to make life more
bearable: to relieve pain, to reduce the severity of chronic condi-
tions, to postpone disabilities or even overcome some of them, to
mend broken limbs, to prescribe drugs, and to reduce anxiety, over-
come depression, and instruct individuals on how to take care of
themselves.

Europeans are much more willing than Americans to stint on
unnecessary services, on procedures that are optional rather than
vital, on conveniences rather than necessities, on small rather than
large reductions in risk, and on wide choice rather than limited
choice or no choice (take it or leave it). Consider the issue of queu-
ing, one of the principal devices employed by public health systems
in Europe to keep demand from exceeding politically negotiated
budgets. Americans are unwilling to wait 2 years or more for a
hernia operation, as is now the case in Britain, but demand that
such a service be available quickly, in a few weeks in most cases.15

Americans chafe at another favorite European device to control
costs: rationing. They do not want to be told that they are too old
or too fit or not fit enough to be eligible for some course of treat-
ment. Nor are they willing to have their access to specialists sharply
curtailed, and so the ratio of specialists to primary care physicians
is much higher in the United States than elsewhere. They also resist
hasty, impersonal examinations and denial of access to inpatient
hospital care.16 And the rich insist on being allowed to spend as
much on health care as they desire, even if some of these expendi-
tures are wasteful.

And so the United States has some 6,000 hospitals, while
Britain’s National Health Service has only 430 very large hospitals
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(beds per capita are similar in both countries).17 Every substan-
tial suburban community in the United States demands its own
facility with a wide range of services. Today, not just research hos-
pitals but also many community hospitals have on staff physicians
who specialize in heart bypass surgery and other high-tech proce-
dures. Since Americans like to save a buck as much as Europeans,
they are willing to join health maintenance organizations (HMOs),
but HMOs have found that to be competitive, they have to offer
numerous options on co-payments, access to physicians outside
of the primary network, and self-referral to specialists. Americans
also demand the option to change health plans if they are dissat-
isfied. Such options cost money because, among other things, they
increase the cost of administration, even if they do not improve
health outcomes.18

The American passion for such individually tailored health ser-
vices may be attributed to American culture: the wide-open spaces,
evangelical religion, and hostility to government. But it also re-
flects income. The average American, after all, is 50 percent richer
than the average British person. Hence, it is not strange that they
are willing to consume services that are too expensive for poorer
people. Americans are no more self-indulgent in their purchases of
health care than they are in their purchases of appliances or cars.19

And so, what is viewed as essential health care in the United
States includes items that in other cultures would be regarded as
wasteful luxuries. This misunderstanding of the American system
is relevant to the proposition that 15 percent of Americans are
uncovered by health insurance. “Uncovered” does not mean that
they are untreated. The uninsured see doctors almost as frequently
as the insured. Nor is it clear that the effectiveness of their care
is always less than that of those who have insurance. The unin-
sured are treated in public clinics and in emergency rooms, which
(although they lack the conveniences of insured care and may have
long queues) provide competent services, both standard and high
tech.20

Although access to health care matters, insurance alone does not
guarantee adequate access. Moreover, while some of the uninsured
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in the U.S. system are in poorer health than the insured, others are
in prime ages, have relatively good health, and prefer to self-insure.
An important but poorly addressed issue is how different attitudes
toward risk influence the insured and the uninsured in deciding
when and where to seek health care. This issue is important when
considering solutions for those who are underserved in health care,
since underservice of the poor also exists in countries with univer-
sal health insurance.21 If the poor and the young are willing to
accept higher health risks than are the rich and the elderly, merely
extending entitlements may not be adequate. An aggressive out-
reach program, targeted at those who fail to take advantage of
entitlements, may be required.

Priorities for Reform

The best way to improve the health system for the poor is to identify
their most urgent needs and design an effective way of ministering
to those specific needs. This goal will not be met merely by equal-
izing the annual number of visits to doctors (since the rich often
waste medical services) or the annual expenditures on drugs (since
the rich often overmedicate). Focusing on the specific needs of the
poor may not save money, but it will ensure that whatever is spent
is properly targeted.

In this spirit, the number one priority ought to be an expansion
of prenatal and postnatal care targeted particularly at young, single
mothers. This priority is suggested by the new evidence that proper
nutrition, including supplements of such key nutrients as folate
and iron, can reduce perinatal deaths and birth defects, including
damage to the central nervous system. It is also necessary to counsel
pregnant women on the dangers to the fetus of smoking and alcohol
consumption, and on the benefits of proper diets, regular and early
examinations, and exposing the fetus to a stimulating environment
(music and conversation). A focus on young, single mothers makes
sense not only because they are among the most needy, but also
because there is now persuasive evidence that insults in utero that
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reduce birth weight and length, as well as inadequate weight gains
in infancy, greatly increase health risks throughout the life cycle.

A second priority is improved health education and mentoring
to enable poorly educated people, both young and old, to identify
their health problems, to follow instructions for health care, to use
medication properly, and to become involved in social networks
conducive to good health. It not enough to wait for such individ-
uals to seek out available services. Outreach programs need to be
developed to identify the needy individuals. Hence, support should
be extended to organizations already experienced in outreach, such
as the Girls Clubs of America and community churches, so that
they can include health screening and counseling among their ser-
vices. Systems for monitoring the effectiveness of such community
organizations also need to be established.

Another priority is the reintroduction into public schools, par-
ticularly those in poor neighborhoods, from nursery school through
the 12th grade, of periodic health screening programs, using nurses
and physicians on a contract basis. Personnel should also be em-
ployed to ensure that parents understand the nature of their chil-
dren’s problems and to direct the parents to public health facilities
that can provide appropriate services.

A fourth initiative is the establishment of public health clinics
in underserved poor neighborhoods that can supplement the emer-
gency rooms of regular hospitals, which are a frequent source of
routine health care services for the poor and near poor.22 Conve-
nient access is a key issue, since even individuals with insurance,
such as those on Medicaid, fail to take advantage of available fa-
cilities because they are inconvenient. Time is a cost to the poor as
well as the rich, and a lack of convenient facilities may cause in-
dividuals to accept higher health risks than they would otherwise
choose. The mission of community clinics should include health
education in addition to treatment. Community clinics need to
be regularly monitored to ensure their effectiveness. Church base-
ments and public schools after normal teaching hours can be good
locations for community clinics both because they help to stretch
available funds and because they provide familiar settings.
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Readers may be surprised that I have not emphasized the exten-
sion of health insurance policies to the 15 percent of the population
not currently insured. The flap over insurance has more to do with
taxation than with health services. Keep in mind that the poor are
already entitled to health care under Medicaid and that the near
poor often receive free health care through county or city hospitals
and emergency rooms. What they do not do is pay taxes for those
services. Most proposals for extending health insurance involve
taxing their wages for services they already receive. Such insurance
may relieve the pressure on the public purse, but it will not guaran-
tee better health care. I believe that health screening in schools and
community clinics has a better chance at success than unexercised
theoretical entitlements.

Finally, any consideration of how to reduce health inequality
must involve a reconsideration of America’s obligation to increase
its contribution to the international campaign to bring vaccines
and other products to children and adults whose lives can be saved
if there is the international will to do so. The lack of access to
such products in the poorest 50 or so countries is the most glaring
instance of inequality in the global health system and a lingering
threat to the health of those in rich countries.

The large advances in life expectancy in China and other emerg-
ing economies show that it is not necessary to wait for industrializa-
tion to be completed before making major advances in health and
longevity. Modern methods of sanitation and other public health
programs can be introduced at a modest cost. Cleaning up the water
supply, improving the distribution of basic nutrients, draining
swamps and otherwise disrupting vectors of disease, and improv-
ing waste disposal can be achieved quickly and cheaply, as has been
demonstrated by China, Indonesia, and Malaysia.23 OECD nations
can help speed up the process in countries still lagging behind by
training public health officials, by helping to supply vital nutrients
to pregnant mothers and infants, and by helping to supply antibi-
otics and other vital drugs and vaccines.

A particularly urgent issue is posed by the worldwide pandemic
of human immunodeficiency virus/acquired immune deficiency
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syndrome (HIV/AIDS). Although death rates from AIDS have re-
cently declined in the United States and other OECD nations, AIDS
is ravaging Africa. Of the 3 million individuals worldwide who
died of AIDS in 2000, more than 2 million lived in sub-Saharan
Africa.24 Although rates of infection are still relatively low in India
and China, they are at risk of a rapid escalation in the spread of
the infection. Public campaigns to inform the populations of these
countries of the threat of this disease, of means of reducing the
odds of infection, and of available treatment for those already
infected are urgently needed. OECD and international agencies can
provide both money and skilled personnel to confront AIDS and
other deadly infectious diseases, and to help provide vaccines and
other drug therapies to those who need them. One important way
to help is by increasing the R&D budgets of the OECD nations
for diseases that afflict the poor countries of the world. It is not
only morality but also self-interest that argues for these measures.
Epidemics in the Third World can spread to OECD nations.

The current concern with making the distribution of health care
more equal reflects both the large increase of global per capita in-
come during the twentieth century and the great strides in biomed-
ical technology. To poor people, adequate food takes precedence
over seeing a doctor. As the people in OECD nations escaped
poverty, they demanded more and more health care. The same
pattern is now apparent in many Third World countries. The in-
creasing share of global income spent on health care expenditures
is not a calamity; it is a sign of the remarkable social and economic
progress of our age.



Postscript

How Long Can We Live?

Will the twenty-first century witness as large an increase in the
average life expectancy of the rich countries – thirty to forty

years – as occurred during the twentieth century? Most experts
believe it will not. The middle estimate of the U.S. Census Bureau,
for example, is that the increase in life expectancy between 2000
and 2050 will be only about 7 years, and the estimated increase for
the entire twenty-first century is just 13 years. This is less than half
the increase that occurred during the twentieth century. The same
conservatism is evident in the projections of the UN, OECD, and
other national and international agencies.1

These pessimistic projections rest on several propositions. Per-
haps the most widely accepted is the proposition that opportunities
for large reductions in mortality rates are possible only when death
rates under age 5 are very high. Proponents of this view argue, for
example, that the sharp decline in U.S. mortality rates during the
twentieth century was the result of a unique opportunity that can-
not be replicated by those nations that have already experienced
it: the opportunity to wipe out the majority of deaths due to acute
infectious diseases, which were concentrated in infancy and early
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childhood. Whereas more than a third of all deaths at the turn of
the twentieth century were of children under 5, today infant and
childhood deaths are less than 2 percent of the annual total. By con-
trast, deaths among persons age 65 and over, which accounted for
just 18 percent of the total in 1900, have grown to three-quarters
of all deaths today.2

Thus, at the start of the twenty-first century, the argument goes,
the more than 90 percent of birth cohorts who live to age 50 begin
to suffer from an increasing number of chronic diseases because
their vital organ systems naturally lose their effectiveness with ag-
ing, and this deterioration eventually increases to a point where life
can no longer be sustained. Empirical observations are buttressed
by a variety of theories, some of them drawn from evolutionary bi-
ology, as to why the cells of vital organ systems decay. One promi-
nent theory holds that because reproduction ceases at age 50, there
is a sharp rise in deaths at postreproductive ages because the forces
of natural selection have not eliminated the genes that hasten rapid
physiological decline past age 50.

There are, however, persuasive arguments that spell out a more
optimistic view of the course of changes in health and longevity
during the twenty-first century. One of these arguments is based on
the projection not of past changes in average life expectancy but of
record life expectancy since 1840. Record life expectancy is defined
as the highest life expectancy experienced by any country at each
point in time. For example, the record life expectancy at birth in
1840 was found among Swedish women, who lived on average a
bit over 45 years. In the year 2000, Japanese women achieved a
record life expectancy of nearly 85 years. Fitting a curve to such
best practice observations over a period of 160 years yields a lin-
ear curve, which suggests that for the foreseeable future, female
life expectancy will increase at 2.4 years per decade and male life
expectancy will increase at 2.2 years per decade. These equations
lead to the prediction that by 2070 female life expectancy in the
United States will be between 92.5 and 101.5 years, which substan-
tially exceeds the forecast of 83.9 years made by the Social Security
Administration in 1999.3
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The fact is that demographers’ past predictions of maximum life
expectancy have been notoriously conservative when these fore-
casts were based on average experience. In the late 1920s L. I.
Dublin, the chief actuary of the Metropolitan Life Insurance Com-
pany, put a cap of 64.75 years on life expectancy for both men
and women. In 1936 he collaborated with the leading mathe-
matical demographer of the first half of the twentieth century to
publish a revised upper limit of 69.93 years.4 More recently, a
leading gerontologist set an upper limit on life (excluding some
major breakthrough in molecular biology) of 85 plus or minus
7 years.5 Generally speaking, these caps tend to be in the range of 5
to 10 years beyond the observed life expectancy at the time the
forecasts were published.6

The accelerating decline in the prevalence of chronic diseases
during the course of the twentieth century supports the proposition
that increases in life expectancy during the twenty-first century will
be fairly large. At the beginning of the twentieth century the burden
of chronic diseases among elderly Americans was not only more
severe but began more than 10 years earlier in the life cycle than
it does today. Moreover, the number of comorbidities at each age
between 50 and 70 is well below levels that prevailed a century
ago. This is, according to one study, equivalent to pushing back
old age, since an increase of one unit in a comorbidity index is the
equivalent of being a decade older. Studies of changes in functional
limitations among persons who have reached age 65 since the early
1980s indicate that such limitations declined at an accelerating rate
during the balance of the 1980s and the 1990s.7

Dora Costa has found that favorable changes in body size, par-
ticularly the decline in the waist-to-hip ratio (a measure of abdom-
inal fat), explained close to half of the decline in mortality rates
above age 65 during the course of the twentieth century.8 Taking
account of the characteristics of men of military age in 1988, she
predicts that the annual decline in male mortality rates after age
65 will be nearly twice as high between 1988 and 2022 as it was
between 1914 and 1988. Overall, the work on trends in chronic
diseases and on frame sizes tends to support forecasts of continued
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linear trends in the extension of longevity during the twenty-first
century.

One factor arguing in support of the optimists’ projections is the
increasing span of years that individuals have free of chronic con-
ditions. For those who reached age 65 during the first decade of the
twentieth century, the average age of onset of chronic disabilities
was about 51. By the 1990s, however, the average age of onset of
chronic conditions was more than 10 years later. Moreover, these
disabilities are now generally milder, and many effective interven-
tions to reduce the impact of chronic conditions are available.9

The outlook for new and more effective technologies to deal with
chronic disabilities through the marriage of biology and microchip
technology is very promising. Indeed, some devices that combine
living cells and electronics to replace failed organs are already at
the stage of human trials.10 Somewhat further off, but even more
promising, are advances in genetic engineering that will produce
cures for what are now untreatable diseases.11





Appendix

If the relative risks of mortality in Figure 2.4 are standard-
ized on the French crude death rate of c. 1785, one obtains

the time series of crude death rates (per thousand) shown in
Table A1.

Table IV in Waaler (1984) contains relative mortality rates for
Norwegian males aged 50 to 64, averaged over height intervals
of 10 cm and weight intervals of 10 kg. Attempts to fit iso-risk
curves to these averages produced unsatisfactory results. Because
at that time we did not have access to the data from which these
averages were derived, it seemed reasonable to “fill in” the table by
polynomial interpolation and use the generated data to estimate the
risk–height–weight relationship.1

The interpolation was done in two steps. The first step consisted
of taking the relative mortality rates given in the table and us-
ing standard least-squares regressions to fit polynomials in weight
to each column of risk values (corresponding to given levels of
height) and polynomials in height to each row (corresponding to
given levels of weight). These polynomials, which were each of
the maximum order permitted by the number of entries in the
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Table A1 Relative Risks of Mortality

Death Rates per Thousand

Estimated from From Registrations
Date (approx.) Figure 2.4 or Samples

1705 40 –
1785 36 36
1867 24 25
1967 19 11

corresponding row or column, were then used to generate values
across each row and down each column of the table in intervals
of whole centimeters and kilograms. This step generated 700 data
points.

To further increase the available data, the rows and columns
generated in the first step were used as the data for the second round
of polynomial interpolations. The methodology was the same as
that used in the first round and brought the total number of data
points to 70,000.

The 70,000 triplets of height, weight, and relative mortality
rates were then used to estimate a cubic response surface or pro-
duction function of risk for inputs of height and weight:

R = F (H, W ) + ε (1)

where

F (H, W) =
∑

0≤i+k≤3

βikHi Wk (2)

R = relative mortality risk, H = height in meters, W = weight in
kilograms, βik is the coefficient on HiWk, and ε is a random dis-
turbance term. Polynomials of degree 4 and higher improved the
fit only marginally at considerable computational expense, yield-
ing surfaces whose contour plots were all almost identical to the
cubic’s. The quadratic form was rejected because of the severe re-
strictions it imposes: it has a straight minimum-risk curve, which in
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general forces the estimated minimum-risk curve to lie to the right
of the true curve.

The minimum-risk curve is defined as the locus of (H, W ) pairs
such that W minimizes the relative mortality risk, given H. Hence,
given an estimated response surface R̂ = F̂ (H, W ), its equation is
derived as

O = ∂ R̂
∂W

= ∂

∂W
F̂ (H, W ) (3)

from which it is easily seen that a quadratic F̂ would necessarily
have a linear minimum-risk curve.

Finally, an iso-risk curve on which R̂ = r is simply

F̂ (H, W ) − r = 0 (4)

while an iso-BMI curve for BMI = b is by definition

W − bH2 = 0. (5)

The frontispiece shows the mortality risk surface that corre-
sponds to Figure 2.4 in the text. Table A2 gives the relative mortal-
ity risks by weight and height. Table A3 gives the relative mortality
risks by BMI and height, and also shows the optimal BMI and the
corresponding risk for each height.
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Table A2 Relative Mortality Risk Table for Norwegian Males
Aged 50–64, by Weight (kg) and Height (m)

m kg 40 41 42 43 44 45 46 47 48 49 50

1.55 2.18 2.10 2.02 1.95 1.88 1.81 1.75 1.70 1.65 1.60 1.56
1.56 2.22 2.14 2.06 1.98 1.91 1.84 1.78 1.72 1.66 1.61 1.57
1.57 2.27 2.18 2.09 2.01 1.94 1.86 1.80 1.74 1.68 1.63 1.58
1.58 2.31 2.22 2.13 2.04 1.97 1.89 1.82 1.76 1.70 1.64 1.59
1.59 2.35 2.26 2.16 2.08 2.00 1.92 1.85 1.78 1.72 1.66 1.60

1.60 2.40 2.30 2.20 2.11 2.03 1.95 1.87 1.80 1.74 1.67 1.62

1.61 2.44 2.34 2.24 2.15 2.06 1.98 1.90 1.83 1.76 1.69 1.63
1.62 2.49 2.38 2.28 2.18 2.09 2.01 1.93 1.85 1.78 1.71 1.65
1.63 2.53 2.42 2.32 2.22 2.13 2.04 1.96 1.88 1.80 1.73 1.66
1.64 2.58 2.47 2.36 2.26 2.16 2.07 1.98 1.90 1.82 1.75 1.68

1.65 2.63 2.51 2.40 2.30 2.20 2.10 2.01 1.93 1.85 1.77 1.70

1.66 2.67 2.56 2.44 2.34 2.23 2.14 2.04 1.96 1.87 1.80 1.72
1.67 2.72 2.60 2.49 2.38 2.27 2.17 2.08 1.99 1.90 1.82 1.74
1.68 2.77 2.65 2.53 2.42 2.31 2.21 2.11 2.01 1.93 1.84 1.76
1.69 2.82 2.69 2.57 2.46 2.35 2.24 2.14 2.04 1.95 1.87 1.79

1.70 2.87 2.74 2.61 2.50 2.38 2.28 2.17 2.08 1.98 1.89 1.81

1.71 2.92 2.78 2.66 2.54 2.42 2.31 2.21 2.11 2.01 1.92 1.83
1.72 2.97 2.83 2.70 2.58 2.46 2.35 2.24 2.14 2.04 1.95 1.86
1.73 3.02 2.88 2.75 2.62 2.50 2.39 2.27 2.17 2.07 1.97 1.88
1.74 3.06 2.93 2.79 2.66 2.54 2.42 2.31 2.20 2.10 2.00 1.91

1.75 3.11 2.97 2.84 2.71 2.58 2.46 2.34 2.23 2.13 2.03 1.93

1.76 3.16 3.02 2.88 2.75 2.62 2.50 2.38 2.27 2.16 2.06 1.96
1.77 3.21 3.07 2.93 2.79 2.66 2.54 2.42 2.30 2.19 2.09 1.99
1.78 3.26 3.12 2.97 2.83 2.70 2.57 2.45 2.34 2.22 2.12 2.02
1.79 3.31 3.16 3.02 2.88 2.74 2.61 2.49 2.37 2.26 2.15 2.04

1.80 3.36 3.21 3.06 2.92 2.78 2.65 2.53 2.40 2.29 2.18 2.07

1.81 3.41 3.26 3.11 2.96 2.82 2.69 2.56 2.44 2.32 2.21 2.10
1.82 3.46 3.31 3.15 3.01 2.86 2.73 2.60 2.47 2.35 2.24 2.13
1.83 3.51 3.35 3.20 3.05 2.91 2.77 2.63 2.51 2.39 2.27 2.16
1.84 3.56 3.40 3.24 3.09 2.95 2.81 2.67 2.54 2.42 2.30 2.19

1.85 3.61 3.45 3.29 3.13 2.99 2.84 2.71 2.58 2.45 2.33 2.22

1.86 3.66 3.49 3.33 3.18 3.03 2.88 2.75 2.61 2.48 2.36 2.25
1.87 3.71 3.54 3.38 3.22 3.07 2.92 2.78 2.65 2.52 2.39 2.28
1.88 3.76 3.58 3.42 3.26 3.11 2.96 2.82 2.68 2.55 2.43 2.30
1.89 3.80 3.63 3.46 3.30 3.15 3.00 2.85 2.72 2.58 2.46 2.33

1.90 3.85 3.67 3.51 3.34 3.19 3.04 2.89 2.75 2.62 2.49 2.36

1.91 3.90 3.72 3.55 3.38 3.23 3.07 2.93 2.78 2.65 2.52 2.39
1.92 3.94 3.76 3.59 3.42 3.26 3.11 2.96 2.82 2.68 2.55 2.42
1.93 3.99 3.81 3.63 3.46 3.30 3.15 3.00 2.85 2.71 2.58 2.45
1.94 4.03 3.85 3.67 3.50 3.34 3.18 3.03 2.89 2.75 2.61 2.48

1.95 4.08 3.89 3.71 3.54 3.38 3.22 3.07 2.92 2.78 2.64 2.51
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m kg 51 52 53 54 55 56 57 58 59 60 61

1.55 1.52 1.48 1.45 1.42 1.40 1.38 1.36 1.35 1.34 1.33 1.33
1.56 1.52 1.49 1.45 1.42 1.39 1.37 1.35 1.33 1.32 1.31 1.30
1.57 1.53 1.49 1.45 1.42 1.39 1.36 1.34 1.32 1.31 1.29 1.28
1.58 1.54 1.50 1.46 1.42 1.39 1.36 1.33 1.31 1.29 1.28 1.27
1.59 1.55 1.50 1.46 1.42 1.39 1.36 1.33 1.30 1.28 1.26 1.25

1.60 1.56 1.51 1.47 1.43 1.39 1.35 1.32 1.30 1.27 1.25 1.24

1.61 1.57 1.52 1.47 1.43 1.39 1.35 1.32 1.29 1.26 1.24 1.22
1.62 1.59 1.53 1.48 1.44 1.39 1.35 1.32 1.29 1.26 1.23 1.21
1.63 1.60 1.55 1.49 1.44 1.40 1.35 1.32 1.28 1.25 1.22 1.20
1.64 1.62 1.56 1.50 1.45 1.40 1.36 1.32 1.28 1.25 1.22 1.19

1.65 1.63 1.57 1.51 1.46 1.41 1.36 1.32 1.28 1.24 1.21 1.18

1.66 1.65 1.59 1.53 1.47 1.42 1.37 1.32 1.28 1.24 1.21 1.18
1.67 1.67 1.60 1.54 1.48 1.42 1.37 1.33 1.28 1.24 1.20 1.17
1.68 1.69 1.62 1.55 1.49 1.43 1.38 1.33 1.28 1.24 1.20 1.17
1.69 1.71 1.64 1.57 1.50 1.44 1.39 1.34 1.29 1.24 1.20 1.17

1.70 1.73 1.65 1.58 1.52 1.46 1.40 1.34 1.29 1.25 1.20 1.16

1.71 1.75 1.67 1.60 1.53 1.47 1.41 1.35 1.30 1.25 1.21 1.16
1.72 1.77 1.69 1.62 1.55 1.48 1.42 1.36 1.31 1.25 1.21 1.16
1.73 1.80 1.71 1.64 1.56 1.50 1.43 1.37 1.31 1.26 1.21 1.17
1.74 1.82 1.74 1.66 1.58 1.51 1.44 1.38 1.32 1.27 1.22 1.17

1.75 1.84 1.76 1.68 1.60 1.53 1.46 1.39 1.33 1.28 1.22 1.17

1.76 1.87 1.78 1.70 1.62 1.54 1.47 1.40 1.34 1.28 1.23 1.18
1.77 1.89 1.80 1.72 1.64 1.56 1.49 1.42 1.35 1.29 1.24 1.19
1.78 1.92 1.83 1.74 1.66 1.58 1.50 1.43 1.37 1.30 1.25 1.19
1.79 1.94 1.85 1.76 1.68 1.59 1.52 1.45 1.38 1.31 1.26 1.20

1.80 1.97 1.87 1.78 1.70 1.61 1.54 1.46 1.39 1.33 1.27 1.21

1.81 2.00 1.90 1.81 1.72 1.63 1.55 1.48 1.41 1.34 1.28 1.22
1.82 2.02 1.92 1.83 1.74 1.65 1.57 1.49 1.42 1.35 1.29 1.23
1.83 2.05 1.95 1.85 1.76 1.67 1.59 1.51 1.44 1.37 1.30 1.24
1.84 2.08 1.98 1.88 1.78 1.69 1.61 1.53 1.45 1.38 1.31 1.25

1.85 2.11 2.00 1.90 1.80 1.71 1.63 1.55 1.47 1.40 1.33 1.26

1.86 2.13 2.03 1.92 1.83 1.74 1.65 1.56 1.49 1.41 1.34 1.27
1.87 2.16 2.05 1.95 1.85 1.76 1.67 1.58 1.50 1.43 1.35 1.29
1.88 2.19 2.08 1.97 1.87 1.78 1.69 1.60 1.52 1.44 1.37 1.30
1.89 2.22 2.11 2.00 1.90 1.80 1.71 1.62 1.54 1.46 1.38 1.31

1.90 2.25 2.13 2.02 1.92 1.82 1.73 1.64 1.56 1.48 1.40 1.33

1.91 2.27 2.16 2.05 1.94 1.84 1.75 1.66 1.57 1.49 1.42 1.34
1.92 2.30 2.19 2.07 1.97 1.87 1.77 1.68 1.59 1.51 1.43 1.36
1.93 2.33 2.21 2.10 1.99 1.89 1.79 1.70 1.61 1.53 1.45 1.37
1.94 2.36 2.24 2.12 2.02 1.91 1.81 1.72 1.63 1.55 1.47 1.39

1.95 2.38 2.26 2.15 2.04 1.93 1.83 1.74 1.65 1.56 1.48 1.41

(continued)
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Table A2 (continued)

m kg 62 63 64 65 66 67 68 69 70 71 72

1.55 1.32 1.33 1.33 1.34 1.35 1.36 1.37 1.39 1.41 1.43 1.46
1.56 1.30 1.30 1.30 1.31 1.31 1.32 1.34 1.35 1.37 1.39 1.41
1.57 1.28 1.28 1.27 1.28 1.28 1.29 1.30 1.31 1.33 1.34 1.36
1.58 1.26 1.25 1.25 1.25 1.25 1.26 1.26 1.27 1.29 1.30 1.32
1.59 1.24 1.23 1.23 1.22 1.22 1.23 1.23 1.24 1.25 1.26 1.28

1.60 1.22 1.21 1.20 1.20 1.20 1.20 1.20 1.21 1.21 1.22 1.24

1.61 1.21 1.19 1.18 1.18 1.17 1.17 1.17 1.17 1.18 1.19 1.20
1.62 1.19 1.18 1.16 1.15 1.15 1.14 1.14 1.14 1.15 1.15 1.16
1.63 1.18 1.16 1.15 1.13 1.13 1.12 1.12 1.12 1.12 1.12 1.13
1.64 1.17 1.15 1.13 1.12 1.11 1.10 1.09 1.09 1.09 1.09 1.10

1.65 1.16 1.14 1.12 1.10 1.09 1.08 1.07 1.07 1.06 1.06 1.07

1.66 1.15 1.12 1.10 1.09 1.07 1.06 1.05 1.04 1.04 1.04 1.04
1.67 1.14 1.12 1.09 1.07 1.06 1.04 1.03 1.02 1.02 1.01 1.01
1.68 1.14 1.11 1.08 1.06 1.04 1.03 1.01 1.00 0.99 0.99 0.99
1.69 1.13 1.10 1.07 1.05 1.03 1.01 1.00 0.98 0.98 0.97 0.96

1.70 1.13 1.10 1.07 1.04 1.02 1.00 0.98 0.97 0.96 0.95 0.94

1.71 1.13 1.09 1.06 1.03 1.01 0.99 0.97 0.95 0.94 0.93 0.92
1.72 1.13 1.09 1.06 1.03 1.00 0.98 0.96 0.94 0.93 0.91 0.90
1.73 1.13 1.09 1.05 1.02 0.99 0.97 0.95 0.93 0.91 0.90 0.89
1.74 1.13 1.09 1.05 1.02 0.99 0.96 0.94 0.92 0.90 0.89 0.87

1.75 1.13 1.09 1.05 1.01 0.98 0.95 0.93 0.91 0.89 0.87 0.86

1.76 1.13 1.09 1.05 1.01 0.98 0.95 0.92 0.90 0.88 0.86 0.85
1.77 1.14 1.09 1.05 1.01 0.98 0.95 0.92 0.89 0.87 0.85 0.84
1.78 1.14 1.09 1.05 1.01 0.98 0.94 0.91 0.89 0.86 0.84 0.83
1.79 1.15 1.10 1.05 1.01 0.98 0.94 0.91 0.88 0.86 0.84 0.82

1.80 1.15 1.10 1.06 1.02 0.98 0.94 0.91 0.88 0.85 0.83 0.81

1.81 1.16 1.11 1.06 1.02 0.98 0.94 0.91 0.88 0.85 0.83 0.81
1.82 1.17 1.12 1.07 1.02 0.98 0.94 0.91 0.88 0.85 0.82 0.80
1.83 1.18 1.13 1.08 1.03 0.99 0.95 0.91 0.88 0.85 0.82 0.80
1.84 1.19 1.13 1.08 1.03 0.99 0.95 0.91 0.88 0.85 0.82 0.80

1.85 1.20 1.14 1.09 1.04 1.00 0.95 0.92 0.88 0.85 0.82 0.79

1.86 1.21 1.15 1.10 1.05 1.00 0.96 0.92 0.88 0.85 0.82 0.79
1.87 1.22 1.16 1.11 1.06 1.01 0.97 0.92 0.89 0.85 0.82 0.80
1.88 1.24 1.18 1.12 1.07 1.02 0.97 0.93 0.89 0.86 0.83 0.80
1.89 1.25 1.19 1.13 1.08 1.03 0.98 0.94 0.90 0.86 0.83 0.80

1.90 1.26 1.20 1.14 1.09 1.03 0.99 0.94 0.90 0.87 0.83 0.80

1.91 1.28 1.21 1.15 1.10 1.04 1.00 0.95 0.91 0.87 0.84 0.81
1.92 1.29 1.23 1.16 1.11 1.05 1.01 0.96 0.92 0.88 0.85 0.81
1.93 1.30 1.24 1.18 1.12 1.07 1.02 0.97 0.93 0.89 0.85 0.82
1.94 1.32 1.25 1.19 1.13 1.08 1.03 0.98 0.94 0.90 0.86 0.83

1.95 1.33 1.27 1.20 1.14 1.09 1.04 0.99 0.94 0.90 0.87 0.83
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m kg 73 74 75 76 77 78 79 80 81 82 83

1.55 1.48 1.51 1.54 1.57 1.60 1.64 1.67 1.71 1.75 1.78 1.82
1.56 1.43 1.46 1.48 1.51 1.54 1.57 1.61 1.64 1.68 1.72 1.75
1.57 1.38 1.41 1.43 1.46 1.49 1.52 1.55 1.58 1.61 1.65 1.69
1.58 1.34 1.36 1.38 1.41 1.43 1.46 1.49 1.52 1.55 1.59 1.62
1.59 1.29 1.31 1.33 1.36 1.38 1.41 1.43 1.46 1.49 1.53 1.56

1.60 1.25 1.27 1.29 1.31 1.33 1.35 1.38 1.41 1.44 1.47 1.50

1.61 1.21 1.23 1.24 1.26 1.28 1.31 1.33 1.35 1.38 1.41 1.44
1.62 1.17 1.19 1.20 1.22 1.24 1.26 1.28 1.30 1.33 1.36 1.38
1.63 1.14 1.15 1.16 1.18 1.19 1.21 1.23 1.26 1.28 1.31 1.33
1.64 1.10 1.11 1.13 1.14 1.15 1.17 1.19 1.21 1.23 1.26 1.28

1.65 1.07 1.08 1.09 1.10 1.11 1.13 1.15 1.17 1.19 1.21 1.23

1.66 1.04 1.05 1.06 1.07 1.08 1.09 1.11 1.12 1.14 1.16 1.19
1.67 1.01 1.02 1.02 1.03 1.04 1.06 1.07 1.09 1.10 1.12 1.14
1.68 0.99 0.99 0.99 1.00 1.01 1.02 1.03 1.05 1.06 1.08 1.10
1.69 0.96 0.96 0.97 0.97 0.98 0.99 1.00 1.01 1.03 1.04 1.06

1.70 0.94 0.94 0.94 0.94 0.95 0.96 0.97 0.98 0.99 1.01 1.02

1.71 0.92 0.92 0.92 0.92 0.92 0.93 0.94 0.95 0.96 0.97 0.99
1.72 0.90 0.89 0.89 0.89 0.90 0.90 0.91 0.92 0.93 0.94 0.96
1.73 0.88 0.88 0.87 0.87 0.87 0.88 0.88 0.89 0.90 0.91 0.92
1.74 0.86 0.86 0.85 0.85 0.85 0.85 0.86 0.86 0.87 0.88 0.90

1.75 0.85 0.84 0.83 0.83 0.83 0.83 0.84 0.84 0.85 0.86 0.87

1.76 0.83 0.83 0.82 0.81 0.81 0.81 0.81 0.82 0.82 0.83 0.84
1.77 0.82 0.81 0.80 0.80 0.79 0.79 0.79 0.80 0.80 0.81 0.82
1.78 0.81 0.80 0.79 0.78 0.78 0.78 0.78 0.78 0.78 0.79 0.80
1.79 0.80 0.79 0.78 0.77 0.77 0.76 0.76 0.76 0.77 0.77 0.78

1.80 0.79 0.78 0.77 0.76 0.75 0.75 0.75 0.75 0.75 0.75 0.76

1.81 0.79 0.77 0.76 0.75 0.74 0.74 0.73 0.73 0.73 0.74 0.74
1.82 0.78 0.77 0.75 0.74 0.73 0.73 0.72 0.72 0.72 0.72 0.73
1.83 0.78 0.76 0.74 0.73 0.72 0.72 0.71 0.71 0.71 0.71 0.72
1.84 0.77 0.76 0.74 0.73 0.72 0.71 0.70 0.70 0.70 0.70 0.70

1.85 0.77 0.75 0.74 0.72 0.71 0.70 0.70 0.69 0.69 0.69 0.69

1.86 0.77 0.75 0.73 0.72 0.71 0.70 0.69 0.69 0.68 0.68 0.69
1.87 0.77 0.75 0.73 0.72 0.70 0.69 0.69 0.68 0.68 0.68 0.68
1.88 0.77 0.75 0.73 0.71 0.70 0.69 0.68 0.68 0.67 0.67 0.67
1.89 0.77 0.75 0.73 0.71 0.70 0.69 0.68 0.67 0.67 0.67 0.67

1.90 0.78 0.75 0.73 0.72 0.70 0.69 0.68 0.67 0.67 0.67 0.67

1.91 0.78 0.76 0.74 0.72 0.70 0.69 0.68 0.67 0.67 0.66 0.66
1.92 0.79 0.76 0.74 0.72 0.70 0.69 0.68 0.67 0.67 0.66 0.66
1.93 0.79 0.77 0.74 0.72 0.71 0.69 0.68 0.67 0.67 0.67 0.66
1.94 0.80 0.77 0.75 0.73 0.71 0.70 0.69 0.68 0.67 0.67 0.67

1.95 0.80 0.78 0.75 0.73 0.72 0.70 0.69 0.68 0.68 0.67 0.67

(continued)
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Table A2 (continued)

m kg 84 85 86 87 88 89 90 91 92 93 94

1.55 1.87 1.91 1.95 1.99 2.04 2.08 2.13 2.17 2.22 2.26 2.31
1.56 1.79 1.83 1.87 1.92 1.96 2.00 2.05 2.09 2.13 2.18 2.22
1.57 1.72 1.76 1.80 1.84 1.88 1.92 1.97 2.01 2.05 2.09 2.14
1.58 1.66 1.69 1.73 1.77 1.81 1.85 1.89 1.93 1.97 2.01 2.05
1.59 1.59 1.63 1.66 1.70 1.74 1.78 1.81 1.85 1.89 1.93 1.97

1.60 1.53 1.56 1.60 1.63 1.67 1.71 1.74 1.78 1.82 1.86 1.90

1.61 1.47 1.50 1.54 1.57 1.60 1.64 1.67 1.71 1.75 1.79 1.82
1.62 1.41 1.44 1.48 1.51 1.54 1.57 1.61 1.64 1.68 1.72 1.75
1.63 1.36 1.39 1.42 1.45 1.48 1.51 1.55 1.58 1.61 1.65 1.68
1.64 1.31 1.33 1.36 1.39 1.42 1.45 1.49 1.52 1.55 1.59 1.62

1.65 1.26 1.28 1.31 1.34 1.37 1.40 1.43 1.46 1.49 1.52 1.56

1.66 1.21 1.23 1.26 1.29 1.31 1.34 1.37 1.40 1.43 1.47 1.50
1.67 1.16 1.19 1.21 1.24 1.26 1.29 1.32 1.35 1.38 1.41 1.44
1.68 1.12 1.14 1.17 1.19 1.22 1.24 1.27 1.30 1.33 1.36 1.39
1.69 1.08 1.10 1.12 1.15 1.17 1.20 1.22 1.25 1.28 1.31 1.33

1.70 1.04 1.06 1.08 1.10 1.13 1.15 1.18 1.20 1.23 1.26 1.29

1.71 1.01 1.02 1.04 1.07 1.09 1.11 1.13 1.16 1.19 1.21 1.24
1.72 0.97 0.99 1.01 1.03 1.05 1.07 1.09 1.12 1.14 1.17 1.20
1.73 0.94 0.96 0.97 0.99 1.01 1.03 1.06 1.08 1.10 1.13 1.15
1.74 0.91 0.92 0.94 0.96 0.98 1.00 1.02 1.04 1.07 1.09 1.12

1.75 0.88 0.90 0.91 0.93 0.95 0.97 0.99 1.01 1.03 1.05 1.08

1.76 0.85 0.87 0.88 0.90 0.92 0.94 0.95 0.98 1.00 1.02 1.04
1.77 0.83 0.84 0.86 0.87 0.89 0.91 0.93 0.95 0.97 0.99 1.01
1.78 0.81 0.82 0.83 0.85 0.86 0.88 0.90 0.92 0.94 0.96 0.98
1.79 0.79 0.80 0.81 0.82 0.84 0.86 0.87 0.89 0.91 0.93 0.96

1.80 0.77 0.78 0.79 0.80 0.82 0.83 0.85 0.87 0.89 0.91 0.93

1.81 0.75 0.76 0.77 0.78 0.80 0.81 0.83 0.85 0.87 0.89 0.91
1.82 0.74 0.74 0.75 0.77 0.78 0.79 0.81 0.83 0.85 0.87 0.89
1.83 0.72 0.73 0.74 0.75 0.76 0.78 0.79 0.81 0.83 0.85 0.87
1.84 0.71 0.72 0.73 0.74 0.75 0.76 0.78 0.79 0.81 0.83 0.85

1.85 0.70 0.71 0.71 0.72 0.74 0.75 0.76 0.78 0.80 0.82 0.84

1.86 0.69 0.70 0.70 0.71 0.72 0.74 0.75 0.77 0.79 0.80 0.82
1.87 0.68 0.69 0.70 0.70 0.72 0.73 0.74 0.76 0.78 0.79 0.81
1.88 0.68 0.68 0.69 0.70 0.71 0.72 0.73 0.75 0.77 0.79 0.80
1.89 0.67 0.68 0.68 0.69 0.70 0.71 0.73 0.74 0.76 0.78 0.80

1.90 0.67 0.67 0.68 0.69 0.70 0.71 0.72 0.74 0.76 0.77 0.79

1.91 0.67 0.67 0.68 0.68 0.69 0.71 0.72 0.74 0.75 0.77 0.79
1.92 0.67 0.67 0.68 0.68 0.69 0.71 0.72 0.73 0.75 0.77 0.79
1.93 0.67 0.67 0.68 0.68 0.69 0.71 0.72 0.73 0.75 0.77 0.79
1.94 0.67 0.67 0.68 0.69 0.69 0.71 0.72 0.73 0.75 0.77 0.79

1.95 0.67 0.67 0.68 0.69 0.70 0.71 0.72 0.74 0.75 0.77 0.79
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m kg 95 96 97 98 99 100 101 102 103 104 105

1.55 2.36 2.40 2.45 2.49 2.54 2.58 2.62 2.67 2.71 2.75 2.79
1.56 2.27 2.31 2.35 2.40 2.44 2.48 2.53 2.57 2.61 2.65 2.69
1.57 2.18 2.22 2.26 2.31 2.35 2.39 2.43 2.47 2.51 2.55 2.59
1.58 2.09 2.14 2.18 2.22 2.26 2.30 2.34 2.38 2.42 2.46 2.49
1.59 2.01 2.05 2.09 2.13 2.17 2.21 2.25 2.29 2.33 2.36 2.40

1.60 1.94 1.97 2.01 2.05 2.09 2.13 2.17 2.20 2.24 2.28 2.31

1.61 1.86 1.90 1.94 1.97 2.01 2.05 2.08 2.12 2.16 2.19 2.23
1.62 1.79 1.83 1.86 1.90 1.93 1.97 2.01 2.04 2.08 2.11 2.14
1.63 1.72 1.76 1.79 1.83 1.86 1.90 1.93 1.97 2.00 2.03 2.07
1.64 1.65 1.69 1.72 1.76 1.79 1.83 1.86 1.89 1.93 1.96 1.99

1.65 1.59 1.62 1.66 1.69 1.72 1.76 1.79 1.82 1.86 1.89 1.92

1.66 1.53 1.56 1.59 1.63 1.66 1.69 1.72 1.76 1.79 1.82 1.85
1.67 1.47 1.50 1.53 1.57 1.60 1.63 1.66 1.69 1.72 1.75 1.78
1.68 1.42 1.45 1.48 1.51 1.54 1.57 1.60 1.63 1.66 1.69 1.72
1.69 1.36 1.39 1.42 1.45 1.48 1.51 1.54 1.57 1.60 1.63 1.66

1.70 1.31 1.34 1.37 1.40 1.43 1.46 1.49 1.52 1.55 1.58 1.61

1.71 1.27 1.30 1.32 1.35 1.38 1.41 1.44 1.47 1.50 1.52 1.55
1.72 1.22 1.25 1.28 1.31 1.33 1.36 1.39 1.42 1.45 1.47 1.50
1.73 1.18 1.21 1.23 1.26 1.29 1.32 1.34 1.37 1.40 1.43 1.45
1.74 1.14 1.17 1.19 1.22 1.25 1.27 1.30 1.33 1.36 1.38 1.41

1.75 1.10 1.13 1.15 1.18 1.21 1.23 1.26 1.29 1.32 1.34 1.37

1.76 1.07 1.09 1.12 1.14 1.17 1.20 1.22 1.25 1.28 1.30 1.33
1.77 1.04 1.06 1.09 1.11 1.14 1.16 1.19 1.22 1.24 1.27 1.29
1.78 1.01 1.03 1.05 1.08 1.10 1.13 1.16 1.18 1.21 1.23 1.26
1.79 0.98 1.00 1.03 1.05 1.08 1.10 1.13 1.15 1.18 1.20 1.23

1.80 0.95 0.98 1.00 1.02 1.05 1.07 1.10 1.12 1.15 1.18 1.20

1.81 0.93 0.95 0.98 1.00 1.02 1.05 1.07 1.10 1.13 1.15 1.18
1.82 0.91 0.93 0.95 0.98 1.00 1.03 1.05 1.08 1.10 1.13 1.15
1.83 0.89 0.91 0.93 0.96 0.98 1.01 1.03 1.06 1.08 1.11 1.13
1.84 0.87 0.89 0.92 0.94 0.96 0.99 1.01 1.04 1.07 1.09 1.12

1.85 0.86 0.88 0.90 0.93 0.95 0.97 1.00 1.02 1.05 1.08 1.10

1.86 0.84 0.87 0.89 0.91 0.94 0.96 0.99 1.01 1.04 1.06 1.09
1.87 0.83 0.86 0.88 0.90 0.93 0.95 0.97 1.00 1.03 1.05 1.08
1.88 0.82 0.85 0.87 0.89 0.92 0.94 0.97 0.99 1.02 1.04 1.07
1.89 0.82 0.84 0.86 0.89 0.91 0.93 0.96 0.99 1.01 1.04 1.07

1.90 0.81 0.83 0.86 0.88 0.90 0.93 0.96 0.98 1.01 1.04 1.06

1.91 0.81 0.83 0.85 0.88 0.90 0.93 0.95 0.98 1.01 1.03 1.06
1.92 0.81 0.83 0.85 0.88 0.90 0.93 0.95 0.98 1.01 1.03 1.06
1.93 0.81 0.83 0.85 0.88 0.90 0.93 0.95 0.98 1.01 1.04 1.07
1.94 0.81 0.83 0.86 0.88 0.91 0.93 0.96 0.99 1.01 1.04 1.07

1.95 0.81 0.84 0.86 0.88 0.91 0.94 0.96 0.99 1.02 1.05 1.08

(continued)
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Table A2 (continued)

m kg 106 107 108 109 110

1.55 2.83 2.87 2.90 2.94 2.97
1.56 2.72 2.76 2.80 2.83 2.87
1.57 2.62 2.66 2.70 2.73 2.76
1.58 2.53 2.56 2.60 2.63 2.66
1.59 2.44 2.47 2.50 2.53 2.56

1.60 2.35 2.38 2.41 2.44 2.47

1.61 2.26 2.29 2.32 2.35 2.38
1.62 2.18 2.21 2.24 2.27 2.30
1.63 2.10 2.13 2.16 2.19 2.22
1.64 2.02 2.05 2.08 2.11 2.14

1.65 1.95 1.98 2.01 2.03 2.06

1.66 1.88 1.91 1.94 1.96 1.99
1.67 1.81 1.84 1.87 1.90 1.92
1.68 1.75 1.78 1.81 1.83 1.86
1.69 1.69 1.72 1.74 1.77 1.80

1.70 1.63 1.66 1.69 1.71 1.74

1.71 1.58 1.61 1.63 1.66 1.68
1.72 1.53 1.56 1.58 1.61 1.63
1.73 1.48 1.51 1.53 1.56 1.58
1.74 1.44 1.46 1.49 1.51 1.54

1.75 1.39 1.42 1.45 1.47 1.49

1.76 1.36 1.38 1.41 1.43 1.45
1.77 1.32 1.34 1.37 1.39 1.42
1.78 1.29 1.31 1.34 1.36 1.38
1.79 1.26 1.28 1.31 1.33 1.35

1.80 1.23 1.25 1.28 1.30 1.33

1.81 1.20 1.23 1.25 1.28 1.30
1.82 1.18 1.20 1.23 1.25 1.28
1.83 1.16 1.19 1.21 1.24 1.26
1.84 1.14 1.17 1.19 1.22 1.24

1.85 1.13 1.15 1.18 1.20 1.23

1.86 1.12 1.14 1.17 1.19 1.22
1.87 1.11 1.13 1.16 1.18 1.21
1.88 1.10 1.12 1.15 1.18 1.20
1.89 1.09 1.12 1.15 1.17 1.20

1.90 1.09 1.12 1.14 1.17 1.20

1.91 1.09 1.12 1.15 1.17 1.20
1.92 1.09 1.12 1.15 1.18 1.20
1.93 1.10 1.12 1.15 1.18 1.21
1.94 1.10 1.13 1.16 1.19 1.22

1.95 1.11 1.14 1.17 1.20 1.23
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Table A3 Relative Mortality Risk Table for Norwegian Males
Aged 50–64, by BMI and Height, Also Showing the Optimal BMI
and Minimum Risk at Each Height
m BMI 17 18 19 20 21 22 23 24 25 26

1.55 2.11 1.93 1.77 1.64 1.54 1.46 1.39 1.35 1.33 1.33
1.56 2.11 1.92 1.76 1.63 1.52 1.43 1.37 1.33 1.31 1.30
1.57 2.10 1.91 1.75 1.61 1.50 1.41 1.35 1.30 1.28 1.27
1.58 2.09 1.90 1.73 1.59 1.48 1.39 1.32 1.28 1.26 1.25
1.59 2.08 1.88 1.71 1.57 1.46 1.37 1.30 1.25 1.23 1.22

1.60 2.07 1.87 1.70 1.55 1.44 1.34 1.28 1.23 1.20 1.20

1.61 2.05 1.85 1.68 1.53 1.41 1.32 1.25 1.20 1.18 1.17
1.62 2.04 1.83 1.66 1.51 1.39 1.29 1.22 1.18 1.15 1.14
1.63 2.02 1.81 1.63 1.48 1.36 1.27 1.20 1.15 1.12 1.12
1.64 2.01 1.79 1.61 1.46 1.34 1.24 1.17 1.12 1.10 1.09

1.65 1.99 1.77 1.59 1.44 1.31 1.21 1.14 1.10 1.07 1.06

1.66 1.97 1.75 1.56 1.41 1.28 1.19 1.12 1.07 1.04 1.04
1.67 1.95 1.73 1.54 1.38 1.26 1.16 1.09 1.04 1.02 1.01
1.68 1.93 1.70 1.51 1.36 1.23 1.13 1.06 1.02 0.99 0.99
1.69 1.91 1.68 1.49 1.33 1.20 1.11 1.04 0.99 0.97 0.96

1.70 1.88 1.65 1.46 1.30 1.18 1.08 1.01 0.96 0.94 0.94

1.71 1.86 1.63 1.43 1.27 1.15 1.05 0.98 0.94 0.92 0.92
1.72 1.83 1.60 1.41 1.25 1.12 1.02 0.96 0.91 0.89 0.90
1.73 1.81 1.57 1.38 1.22 1.09 1.00 0.93 0.89 0.87 0.88
1.74 1.78 1.55 1.35 1.19 1.07 0.97 0.91 0.87 0.85 0.86

1.75 1.75 1.52 1.32 1.16 1.04 0.95 0.88 0.84 0.83 0.84

1.76 1.72 1.49 1.29 1.13 1.01 0.92 0.86 0.82 0.81 0.82
1.77 1.70 1.46 1.26 1.11 0.98 0.90 0.84 0.80 0.79 0.81
1.78 1.67 1.43 1.23 1.08 0.96 0.87 0.81 0.78 0.78 0.79
1.79 1.64 1.40 1.21 1.05 0.93 0.85 0.79 0.77 0.76 0.78

1.80 1.61 1.37 1.18 1.02 0.91 0.83 0.77 0.75 0.75 0.77

1.81 1.58 1.34 1.15 1.00 0.88 0.80 0.76 0.73 0.74 0.76
1.82 1.55 1.31 1.12 0.97 0.86 0.78 0.74 0.72 0.73 0.76
1.83 1.52 1.28 1.09 0.95 0.84 0.77 0.72 0.71 0.72 0.75
1.84 1.49 1.25 1.07 0.92 0.82 0.75 0.71 0.70 0.71 0.75

1.85 1.45 1.22 1.04 0.90 0.80 0.73 0.70 0.69 0.71 0.75

1.86 1.42 1.20 1.01 0.88 0.78 0.72 0.69 0.69 0.71 0.75
1.87 1.39 1.17 0.99 0.86 0.76 0.70 0.68 0.68 0.71 0.76
1.88 1.36 1.14 0.97 0.83 0.75 0.69 0.67 0.68 0.71 0.76
1.89 1.33 1.11 0.94 0.82 0.73 0.68 0.67 0.68 0.72 0.78

1.90 1.30 1.09 0.92 0.80 0.72 0.68 0.67 0.68 0.73 0.79

1.91 1.27 1.06 0.90 0.78 0.71 0.67 0.67 0.69 0.74 0.81
1.92 1.25 1.04 0.88 0.77 0.70 0.67 0.67 0.70 0.75 0.83
1.93 1.22 1.01 0.86 0.75 0.69 0.67 0.67 0.71 0.77 0.85
1.94 1.19 0.99 0.84 0.74 0.69 0.67 0.68 0.72 0.79 0.88

1.95 1.16 0.97 0.83 0.73 0.68 0.67 0.69 0.74 0.82 0.91

(continued)
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Table A3 (continued)
m BMI 27 28 29 30 31 32 33 34 35 36

1.55 1.34 1.36 1.40 1.46 1.52 1.60 1.68 1.77 1.87 1.97
1.56 1.31 1.34 1.38 1.43 1.50 1.57 1.65 1.74 1.84 1.94
1.57 1.29 1.31 1.35 1.40 1.47 1.54 1.63 1.72 1.81 1.91
1.58 1.26 1.29 1.33 1.38 1.44 1.52 1.60 1.69 1.78 1.88
1.59 1.23 1.26 1.30 1.35 1.42 1.49 1.57 1.66 1.76 1.85

1.60 1.21 1.23 1.27 1.33 1.39 1.46 1.55 1.63 1.73 1.83

1.61 1.18 1.21 1.25 1.30 1.36 1.44 1.52 1.61 1.70 1.80
1.62 1.15 1.18 1.22 1.27 1.34 1.41 1.49 1.58 1.67 1.77
1.63 1.13 1.15 1.20 1.25 1.31 1.39 1.47 1.56 1.65 1.74
1.64 1.10 1.13 1.17 1.23 1.29 1.36 1.45 1.53 1.62 1.72

1.65 1.08 1.10 1.15 1.20 1.27 1.34 1.42 1.51 1.60 1.69

1.66 1.05 1.08 1.12 1.18 1.25 1.32 1.40 1.49 1.58 1.67
1.67 1.03 1.06 1.10 1.16 1.22 1.30 1.38 1.47 1.55 1.64
1.68 1.00 1.03 1.08 1.14 1.20 1.28 1.36 1.45 1.53 1.62
1.69 0.98 1.01 1.06 1.12 1.18 1.26 1.34 1.43 1.51 1.60

1.70 0.96 0.99 1.04 1.10 1.17 1.24 1.32 1.41 1.49 1.58

1.71 0.94 0.97 1.02 1.08 1.15 1.23 1.31 1.39 1.48 1.56
1.72 0.92 0.95 1.00 1.07 1.14 1.21 1.30 1.38 1.46 1.54
1.73 0.90 0.94 0.99 1.05 1.12 1.20 1.28 1.37 1.45 1.53
1.74 0.88 0.92 0.97 1.04 1.11 1.19 1.27 1.35 1.44 1.51

1.75 0.86 0.91 0.96 1.03 1.10 1.18 1.26 1.35 1.42 1.50

1.76 0.85 0.89 0.95 1.02 1.09 1.17 1.26 1.34 1.42 1.49
1.77 0.84 0.88 0.94 1.01 1.09 1.17 1.25 1.33 1.41 1.48
1.78 0.83 0.87 0.94 1.01 1.09 1.17 1.25 1.33 1.40 1.47
1.79 0.82 0.87 0.93 1.00 1.08 1.17 1.25 1.33 1.40 1.47

1.80 0.81 0.86 0.93 1.00 1.08 1.17 1.25 1.33 1.40 1.46

1.81 0.80 0.86 0.93 1.01 1.09 1.17 1.26 1.33 1.40 1.46
1.82 0.80 0.86 0.93 1.01 1.09 1.18 1.26 1.34 1.41 1.46
1.83 0.80 0.86 0.94 1.02 1.10 1.19 1.27 1.35 1.41 1.47
1.84 0.80 0.87 0.94 1.03 1.12 1.20 1.28 1.36 1.42 1.47

1.85 0.81 0.88 0.96 1.04 1.13 1.22 1.30 1.37 1.44 1.48

1.86 0.81 0.89 0.97 1.06 1.15 1.24 1.32 1.39 1.45 1.49
1.87 0.82 0.90 0.99 1.08 1.17 1.26 1.34 1.41 1.47 1.51
1.88 0.83 0.92 1.00 1.10 1.19 1.28 1.36 1.43 1.49 1.52
1.89 0.85 0.93 1.03 1.12 1.22 1.31 1.39 1.46 1.51 1.54

1.90 0.87 0.96 1.05 1.15 1.25 1.34 1.42 1.49 1.54 1.56

1.91 0.89 0.98 1.08 1.19 1.28 1.38 1.46 1.52 1.57 1.59
1.92 0.91 1.01 1.12 1.22 1.32 1.42 1.50 1.56 1.60 1.61
1.93 0.94 1.05 1.15 1.26 1.36 1.46 1.54 1.60 1.64 1.64
1.94 0.98 1.08 1.19 1.31 1.41 1.50 1.58 1.64 1.67 1.68

1.95 1.01 1.12 1.24 1.35 1.46 1.56 1.63 1.69 1.72 1.71
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m BMI 37 38 39 Optimal BMI Minimum Risk

1.55 2.08 2.19 2.30 25.78 1.32
1.56 2.05 2.15 2.26 25.81 1.30
1.57 2.02 2.12 2.23 25.84 1.27
1.58 1.99 2.09 2.19 25.87 1.25
1.59 1.95 2.06 2.16 25.88 1.22

1.60 1.92 2.02 2.12 25.89 1.20

1.61 1.89 1.99 2.09 25.89 1.17
1.62 1.87 1.96 2.05 25.88 1.14
1.63 1.84 1.93 2.02 25.87 1.12
1.64 1.81 1.90 1.99 25.85 1.09

1.65 1.78 1.87 1.95 25.82 1.06

1.66 1.75 1.84 1.92 25.78 1.04
1.67 1.73 1.81 1.89 25.74 1.01
1.68 1.70 1.78 1.86 25.68 0.99
1.69 1.68 1.76 1.83 25.63 0.96

1.70 1.66 1.73 1.80 25.56 0.94

1.71 1.64 1.71 1.77 25.49 0.92
1.72 1.62 1.68 1.74 25.40 0.89
1.73 1.60 1.66 1.72 25.32 0.87
1.74 1.58 1.64 1.69 25.22 0.85

1.75 1.57 1.62 1.66 25.12 0.83

1.76 1.55 1.60 1.64 25.01 0.81
1.77 1.54 1.59 1.62 24.89 0.79
1.78 1.53 1.57 1.60 24.77 0.78
1.79 1.52 1.56 1.58 24.64 0.76

1.80 1.51 1.55 1.56 24.50 0.75

1.81 1.51 1.53 1.54 24.36 0.73
1.82 1.50 1.53 1.53 24.21 0.72
1.83 1.50 1.52 1.51 24.05 0.71
1.84 1.50 1.51 1.50 23.89 0.70

1.85 1.51 1.51 1.49 23.73 0.69

1.86 1.51 1.51 1.48 23.56 0.68
1.87 1.52 1.51 1.47 23.38 0.68
1.88 1.53 1.51 1.46 23.20 0.67
1.89 1.54 1.52 1.46 23.01 0.67

1.90 1.56 1.52 1.45 22.83 0.67

1.91 1.58 1.53 1.45 22.63 0.66
1.92 1.60 1.54 1.45 22.44 0.66
1.93 1.62 1.56 1.45 22.24 0.66
1.94 1.64 1.57 1.45 22.04 0.67

1.95 1.67 1.59 1.46 21.83 0.67
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Chapter 1. The Persistence of Misery in Europe and America before 1900
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2. Dublin, Lotka, and Spiegelman 1949; United Nations 1953; Stolnitz
1955, 1956; Case et al. 1962.

3. Bernard Harris has pointed out (private communication) that interwar
nutrition research, while focusing on diseases linked to specific dietary
deficiencies, recognized that inadequate general nutrition led to less
than optimum health. For example, John Boyd Orr commented that
although poor nutrition might not be marked by starvation or dietary
disease, the attendant level of health would be less than the “perfect”
health enabled by a “perfectly adequate” diet (Orr 1936, p. 36).

4. Scrimshaw, Taylor, and Gordon 1968. The synergy between nutrition
and infection is discussed further in Chapter 3.

5. Flinn 1974; Gille 1949; Bourgeois-Pichat 1965; Henry 1965. Compare
Utterström 1965.

6. Toutain 1971; Grantham 1993; Oddy 1990; Shammas 1990; Holder-
ness 1989; Allen 1994; Fogel, Floud, and Harris, n.d.
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9. McKeown 1976, 1978; Meeker 1972; Higgs 1973, 1979; Langer
1975; Kunitz 1986; Lee 1980, 1984; Winter 1982; Perrenoud 1984;
Fridlizius 1979, 1984; Livi-Bacci 1983, 1991; cf. Razzell 1973. For
a balanced assessment of McKeown’s contributions from the stand-
point of 2002, see Harris 2002.

10. Meuvret 1946, 1965; Goubert 1965; Smith 1977; Flinn 1981;
Helleiner 1967; Wrigley 1969; Flinn 1970, 1974; Hoskins 1964,
1968.

11. INED 1977; Wrigley and Schofield 1981; Rebaudo 1979; Dupâquier
1989; Fogel, Floud, and Harris, n.d. I am indebted to Christopher J.
Acito for the construction of this figure.

12. United Nations 1973, 1: 142.

13. Lee 1981.

14. United Nations 1973; Lebrun 1971; Flinn 1974, 1981; Blayo 1975b;
Wrigley and Schofield 1981; Lee 1981; Weir 1982, 1989; Richards
1984; Galloway 1986; Bengtsson and Ohlsson 1985; cf. Eckstein,
Schultz, and Wolpin 1985.

15. Fogel 1997.

16. Fogel, Floud, and Harris, n.d.; cf. Allen 1994.

17. On sleeping vs. nonsleeping BMR, see Bender and Bender 1997;
Garrow, James, and Ralph 2000.

18. Bellagio Conference 1983.

19. Quenouille et al. 1951; FAO/WHO/UNU 1985.

20. This table differs somewhat from table 5 in Fogel 1997 because of
refinements in the estimates that underlie it.

21. 7,731 ÷ 17,768 ≈ 0.44.

22. Wrigley 1987.

23. Wrigley 1987; Lindert and Williamson 1982; Fogel, Floud, and
Harris, n.d.

24. 105 ÷ 210 ≈ 0.50.

25. What is involved here is a reduction in leisure-time activities or in
domestic activities of individuals not counted in the labor force (e.g.,
children).
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26. Fogel, Floud, and Harris, n.d.

27. Fogel 1986; Costa and Steckel 1997.

28. Fogel 1993 and the sources in Table 1.4.

29. For a further discussion of the disconnect between economic and
biomedical measures of the standard of living, see Chapter 2, es-
pecially the discussion of the downward adjustments in wage rates
needed to correct for economically-induced increases in morbidity
and mortality. In this connection, Tanner has pointed out that if chil-
dren are stunted without having their growth tempo slowed down,
it is likely that the stunting is due to insults in fetal life and may be
related to the pathology of the placenta. Severe undernutrition or poi-
soning in early infancy can also lead to permanent stunting (Tanner
1982).

Chapter 2. Why the Twentieth Century Was So Remarkable

1. Part of the wording for this definition was suggested by J. M. Tanner.

2. In this chapter “evolution” is used in two ways. The term “genetic
evolution” refers to species change through natural selection among
species with different genetic characteristics, some of which are
more appropriate to their environment than others. I use the term
“technophysio evolution” to refer to changes in human physiology
brought about primarily by environmental factors. The environmen-
tal factors include those influencing physiological and biochemical
conditions of the womb in which the embryo and fetus develop. Such
environmental factors may be concurrent with the development of
the embryo and fetus or they may have occurred prior to the concep-
tion of the embryo, either earlier in the life of the mother or higher
up in the maternal pedigree. Experimental studies on animal models
indicate that environmental insults in the first generation continue
to have potency in retarding physiological performance over several
generations, despite the absence of subsequent insults, although the
potency of the initial insult declines from one generation to another
(Chandra 1975, 1992; Meinhold et al. 1993; Fraker et al. 1986). Al-
though final stature is particularly sensitive to insults in utero and
infancy, insults later in the developmental cycle can also contribute to
stunting. It is also worth noting that while only a small proportion of
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births in OECD nations today are below 2500 grams, it is likely that
40 to 50 percent of births among workers in England and France in
1800 were below 2500 grams (Fogel 1986).

I italicized primarily to indicate that the potency of particular en-
vironmental insults varies from one individual to another in a manner
that might reflect complex interactions between environmental and
genetic factors. I abstract from the uses of the term “evolution” in
embryogenesis and in its use as a bridging function in the principle
of recapitulation. On these meanings of the term “evolution” and its
general history see Richards 1992 and Mayr 1982.

3. Waaler 1984; Costa and Steckel 1997.

4. Fogel 1993.

5. There are some cancers and other diseases that are positively corre-
lated with height. See Waaler 1984 and Davey Smith et al. 2000.

6. Waaler 1984.

7. See Kim 1996 for the method of estimating Waaler surfaces.

8. Fogel, Floud, and Harris, n.d.
For those interested in the means of calculating these odds, see the

Appendix.
This result suggests the importance of cohort factors in the secular

decline in mortality. For reviews of the literature on cohort and period
effects on the secular decline in mortality rates, see Elo and Preston
1992 and Kuh and Davey Smith 1993.

The decreased importance of changes in human physiology that
are correlated with height and weight suggests that other factors,
including medical innovations, now matter more. However, this does
not mean that height and weight have lost their predictive value.
Average heights are still increasing, and inability to maintain adequate
BMI is life-threatening for many elderly. Barker (1992, 1998) reports
that anthropometric measures at birth predict BMI and hip-to-waist
ratios among persons at late middle ages.

9. For a somewhat different view, see Livi-Bacci 1991.

10. Fogel, Costa, and Kim 1993. The curve turns up after 195 cm, sug-
gesting an optimal height.

11. Gould 1869; Centers for Disease Control, unpublished data tables of
height in inches and weight in pounds, 1988–94. See Anthropometric
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Reference Data, United States, 1988–94, on the Internet at
http://www.cdc.gov/nchs/about/major/nhanes/datatblelink.htm.

12. Fogel, Costa, and Kim 1993. In fact, Figure 2.7 underpredicts the
improvement in chronic diseases that actually took place. In other
words, there were improvements in physiology that are not fully cap-
tured by measures of height and weight alone.

13. Cf. Table 4.5. The fact that changes in height and weight predict
a decline in chronic conditions does not mean that they caused the
decline since these variables may merely be proxies for more fun-
damental physiological changes that are not directly measured. See
Fogel, Floud, and Harris, n.d.

14. Fogel, Costa, and Kim 1993.

15. Fogel, Costa, and Kim 1993.

16. Tanner 1990, 1993.

17. Fogel, Floud, and Harris, n.d.

18. Fogel, Floud, and Harris, n.d.; Fogel 1994.

19. Dasgupta 1993.

20. Computational procedures are sketched in Fogel 1994 and are pre-
sented in more detail in Fogel, Floud, and Harris, n.d.

21. Williamson 1976; David and Solar 1977; Gallman and Wallis 1992.

22. Barker 1994, 1998; Costa 1993a, 1993b; Kim 1993.

23. Fogel and Engerman 1971; Gallman 1972; Easterlin 1975; Mc-
Cutcheon 1992.

24. Boyd 1941; Ackerknecht 1945, [1952] 1965; Smillie 1955.

25. Ackerknecht 1945; Smillie 1955; May 1958; Kunitz 1983; New York
State Board of Health 1867.

26. Williamson’s application of the bribery principle, using differences
in wage rates between regions of high and low mortality to measure
the disutility of English industrialization (Williamson 1981a, 1981b,
1982), represents an important advance in the assessment of both the
short- and long-run costs and benefits of economic growth during the
nineteenth century. The debate set off by his estimates (Pollard 1981;
Floud 1984b) involves such issues as whether workers had enough
information to properly assess differences in risks, whether the mea-
sures of mortality used by Williamson were precise enough to gauge
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the differential risks that workers actually suffered in particular oc-
cupations and localities, and whether the various labor markets were
all in equilibrium (or all out of equilibrium by the same degree). The
resolution of these issues will no doubt add greatly to our knowledge
about the costs and benefits of industrialization to the workers who
experienced it.

Alternative approaches to the computation of the mortality cor-
rection have been proposed (Usher 1973, 1980; Williamson 1984;
Lindert 1986). Still another approach is suggested by equation (1),
which is derived from the theory of human capital:

wn = (i + δn)Vn (1)

where

wn = the wage rate at age n of a worker

i = the market rate of return on capital

δn = the annual rate of depreciation in the stock of human capital
at age n (the probability of dying between age n and n + 1)

Vn = the cost of producing a new worker aged n (the long-run
equilibrium price of such a worker if he could be sold as a
slave)

Differentiating equation (1) totally yields

∗ ∗ ∗ ∗
wn = φi + (1 − φ)δn + Vn

(2)

where

φ = [i/(i + δn)]
∗ = an asterisk over a variable indicates the rate of change in that
variable

Equations (1) and (2) indicate that increases in mortality rates will
lead to spurious increases both in “real” wages (wages adjusted only
for the price level) and in “real” per capita income. That is because
conventional measures of real wages and per capita income fail to
distinguish between rises in wages that are due to, say, technological
change and those that are due to a more rapid consumption of human
capital, treating both as if they represented net additions to human
welfare. Equations (1) and (2) indicate that increased mortality rates
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raise wages not only because they increase δ (the probability that
someone in the labor force will die), but also because they increase V
(the cost of producing a new entrant into the labor force). The higher
the mortality rate, the greater the number of live births (and associated
costs) needed to produce a new entrant into the labor force. There is,
of course, a corresponding increase in cost due to extra expenditures
on nonsurvivors at all the other ages between birth and entry into the
labor force.

The estimates of δ
∗

and V
∗
, which can be derived from the decline

in life expectancy shown in Figure 1.2 (cf. Fogel 1986), indicate that
rising mortality may have accounted for about two-fifths of the av-
erage annual increase in the conventional measure of real per capita
income over the 70 years between 1790 and 1860. In principle, this
correction is a lower bound on the correction that one would obtain
from the proper implementation of the bribery principle, since no ac-
count was taken of the psychic cost involved in the loss of loved ones,
since increases in morbidity and other deterioration in the quality of
life and capacity to work are not measured, and since it was implic-
itly assumed that workers were risk neutral with respect to their own
fate.

The preceding estimate is merely meant to illustrate the improve-
ments in measured income made possible by the fuller incorporation
of biomedical variables into economic analysis. Work now underway
with stature and BMI is providing additional information, beyond
that conveyed by the mortality series, because these variables pertain
to the quality of life of individuals who lived under changing mortality
regimens. Although the calculation based on equation (1) suggested
the magnitude of the correction needed to net out the effect of rises in
mortality rates on conventional measures of per capita income, it did
not provide adjustments for the consequences of increased morbidity
rates experienced by those who survived exposure to virulent diseases.
Such corrections are needed to take account of medical expenditures
and a variety of investments that merely offset the deterioration in
the environment, and of diseases that degraded the quality of life and
reduced the productivity of the labor of survivors. The data on stature
and BMI promise to provide such adjustments (Floud 1984a; Costa
1998, 1993a, 1993b; Kim 1993; Steckel 1995).

27. Kuznets 1952.
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28. Floud, Wachter, and Gregory 1990.

29. Consider, for example, the food that gave the upper classes their su-
perior diet and the housing that reduced their exposure to disease.
If the nutrients were sold to them by a perfectly discriminating mo-
nopolist, the benefits they derived in improved health would have
been incorporated in the price of the nutrients. However, food was
sold in a competitive market. Similarly, the value of the extra health
benefits that accrued to the rich because of the nature of their hous-
ing could not be captured by the laborers who built the houses or
by the brickmakers who sold their wares competitively, nor could it
be fully captured by the landowners. Since there was an excess sup-
ply of land with the quality called “separated from reservoirs of dis-
ease,” landowners could usually only capture conventional benefits of
proximity.

30. Case et al. 1962; Haines 1979; U.S. Public Health Service 1963.

31. Williamson and Lindert 1980; Phelps Brown 1988; Perkin 1990.

32. U.S. Bureau of the Census 1975; Karpinos 1958. For somewhat dif-
ferent views on these issues, see Preston 1975, Preston and van de
Walle 1978, and McKeown 1976 and 1979.

33. Contemporary commentators often deal with differentials by social
class as though they are greater today than they have ever been. This
is merely an expression of their unfamiliarity with the work of histor-
ical epidemiologists and demographers. For further details, see Fogel
2000.

34. In this calculation and in the one that follows, I have ignored possible
changes in average commuting times since it is difficult to estimate
whether the average time needed to get to and from work has in-
creased or decreased since 1860. Although the average distance has
probably increased, the speed of transportation has also increased.

35. Fogel 2000. It must be noted that not all extra leisure has been con-
structively employed. The twentieth century, particularly the last few
decades, experienced sharp increases in such unmeasured costs as
crime, drug use, and threats to safety that significantly offset unmea-
sured benefits.

Another implication of this line of argument is that the inequality
of the international distribution of income is greater than is indicated
by current conventions for comparing the income of nations. The



notes to pages 39–45 135

human development index (United Nations 1990) may overcome
some of these deficiencies by giving explicit recognition to life ex-
pectancy (but not to the level of morbidity) and by including a measure
of education. However, there is reason to doubt whether schooling
by itself adequately captures the wide disparities in both the quantity
and quality of leisure.

36. Stature and Gini ratios are significantly correlated, but as the fol-
lowing discussion of height and BMI indicates, the anthropometric
measures reveal important aspects of welfare that are not as apparent
in the movement of Gini ratios.

37. There has been a rise in the Gini ratio since 1973 in virtually all the
rich nations for which such information is available. Cf. Fogel 2000.

38. On trends in the Gini ratio between c. 1690 and 1973 and the de-
bate over this trend, see Soltow 1968; Feinstein 1988; Williamson
1981a, 1985; Lindert and Williamson 1982, 1983; Floud, Wachter,
and Gregory 1990. Cf. Fogel 2000.

39. Data for males are presented in Case et al. 1962; Hollingsworth 1977;
Hattersley 1999.

40. Steckel 1995; Rona, Swan, and Altman 1978.

41. Fogel 1992; cf. van Wieringen 1986; Drukker 1994; Drukker and
Tassenaar 1997; Schmidt, Jorgenson, and Michaelsen 1995.

42. Cipolla 1980; Laslett [1965] 1984; Himmelfarb 1983; Soltow 1968;
Lindert and Williamson 1982; Fogel 1987, 1989, 1993; Colquhoun
1814; Hannon 1984a, 1984b, 1985; Jencks 1994.

43. Fogel 1997; Fogel, Floud, and Harris, n.d.

Chapter 3. Tragedies and Miracles in the Third World

1. Kiple 1993.

2. The doubly labeled water method, which provides a metabolic mea-
sure of energy expenditure, has shown that food diaries systematically
underestimate average food consumption. Results from national food
balance sheets are close to those obtained from using the doubly la-
beled water method. See Schoeller 1990; Black et al. 1996; Black and
Cole 2000.

3. Equations were worked out relating the energy requirement for basal
metabolism to specific climatic conditions and to the height, weight,
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and surface areas of individuals. See, for example, Quenouille et al.
1951.

4. United Nations 1953, 1973; FAO/WHO/UNU 1985.

5. The extreme manifestations of PEM are called “kwashiorkor” and
“marasmus.” Both diseases involve severe wasting of body tissue;
kwashiorkor is also characterized by edema (Waterlow, Tomkins, and
Grantham-McGregor 1992).

6. Sommer and Lowenstein 1975; Chen, Chowdhury, and Huffman
1980; Billewicz and MacGregor 1982; Kielmann et al. 1983;
Martorell 1985.

7. A number of statistical criticisms were also raised with respect to
methods used to establish the caloric threshold of malnutrition, as
well as to the use of household diaries to relate the prevalence of
malnutrition to income levels. See Osmani 1992a; Srinivasan 1992;
Dasgupta 1993.

8. See Gopalan, Payne, Osmani, and Srinivasan, among others, in
Osmani 1992b; see also Sukhatme 1982. It was argued that even
if Western standards did not exaggerate the extent of stunting and
wasting in Asia, the FAWOB analysis did not address the costs of
being small. The evidence showing that small individuals were more
likely to suffer illness was challenged, as was the evidence on the
nexus to severity of illness. The claim that large people were more
productive than small ones was also contested.

9. Agarwal et al. 1991.

10. The Dutch growth centiles are computed from 1985 data analyzed
by Roede and van Wieringen 1985 and also reported in Eveleth
and Tanner 1990. The observations of adolescent English boys are
collected from a variety of sources identified in Fogel, Floud, and
Harris, n.d. I am indebted to Professor Floud, who assembled these
observations.

11. The shortfall is about half a standard deviation.

12. On the British see Floud, Wachter, and Gregory 1990; on the
Americans see Costa and Steckel 1997; on the Dutch see van
Wieringen 1986.

13. Maddison 1995.

14. Landes 1969, 1998.
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15. New York City Department of Health 1871, pp. 315–16.

16. Warren 2000; Aggett and Comerford 1995.

17. Goubert 1984.

18. U.S. Bureau of the Census 1975; Raper, Zizza, and Rourke 1992.

19. As a result, life expectancy at birth increased far more rapidly in
Third World countries than in the industrialized countries of Europe.
In India, for example, life expectancy at birth increased from 29 years
in 1930 to 60 years in 1990. An increase of that magnitude required
two and a half centuries in England and France. The sharp drop in
the death rates of developing nations led to an enormous surge in the
growth of population, which in turn led to widespread fears that
the food supply could not keep up with population growth and that
industrialization would be thwarted. However, none of these forecasts
turned out to be true (Carr-Saunders 1964; World Bank 1992, 1993;
Wrigley and Schofield 1981; Keyfitz and Flieger 1968, 1990; Weir
1989; Dublin and Lotka 1936; Kuznets 1971. See also Kelley and
Williamson 1983).

20. Sen 1981.

21. World Bank 1992, Table 28.
I am indebted to Jesse Ausubel of the Rockefeller University for

the following data computed from FAOSTAT <http://apps.fao.org/>:

Percent Change per Year in the Food Supply,
1961–2000

Calories per Protein (Grams) per
Day per Capita Day per Capita

Crop 0.56 0.50
Animal 0.78 0.92
Total 0.59 0.61

Furthermore, while the weight of cereals per capita has increased
by 0.46 percent per year during the same time period, the quality
weighted production index number has risen by 0.66 percent per
year, indicating that the consumption of hiqh-quality protein, such as
that from meat, eggs, and dairy products, has outpaced the consump-
tion of lower-quality protein from crops (e.g., wheat and rye). These
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increases have occurred despite a concurrent 1.46 percent per year
decrease in the hectares of arable and permanent crops per capita.
As Ausubel has also noted, this improvement in the food supply
manifests a higher income elasticity of demand for animal protein
than for calories (private communication, 30 Nov. 2002).

22. FAO 1996.

23. Sukhatme 1982; cf. Black and Cole 2000; Black et al. 1996.

24. This finding, incidentally, contradicts the contention that the left-
hand part of the Waaler curves in BMIs is attributable primarily to
smoking, since smoking was much less common in the 1890s than it
is today.

Kim examined a succession of NHIS surveys between 1982 and
1992. Although the results are sensitive to the method of curve fitting,
he concluded that the curve of optimal weight, for given heights,
appears to have been stable over these years (Kim 1995).

25. As successive generations increase in height, their location on the line
of optimal height on Figure 2.4 will move toward increasingly lower
risk levels.

26. The slowdown in the increase in height in the Netherlands, the United
States, and some other countries does not necessarily mean that the
secular increase has come to an end, since, as Figure 1.2 illustrates,
such slowdowns, or even reversals, occurred in the past without mark-
ing the end of the secular increase.

27. There is no compelling evidence to contradict the assumption that the
difference between current Dutch and U.S. stature is due primarily to
technophysio evolution rather than to genetic factors. In the 1860s
the average height of Dutch males at maturity was 8 cm less than that
of U.S. males, and the Dutch did not exceed average U.S. heights until
after World War II (van Wieringen 1986).

28. Cf. Dasgupta 1993.

29. See Costa 1996; Lee 1995.

30. See Fogel, Floud, and Harris, n.d.

31. Computed for a male between ages 30 and 60, with an original BMI
of 19 and a stature of 164 cm, on the assumption that the reduction
in caloric intake was entirely in the basal metabolic rate (i.e., that
the energy devoted to work was undiminished) and that BMR was
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originally 60 percent of total energy requirements. The equation used
to calculate the reduction in BMR is that reported in FAO/WHO/UNU
1985, Table 5. An alternative and more precise equation is given in
Quenouille et al. 1951. The change in risk is computed from Fogel
1993, Table A2. It should be noted that a 5 percent reduction in
height and BMI implies a 14 percent reduction in weight. In this case,
the indicated adjustments in height and BMI were the equilibrating
response to a 4 percent reduction in the food supply. However, if the
energy devoted to work is undiminished, a 7 percent reduction in
BMR is required.

Chapter 4. Prospects for the Twenty-First Century

1. On anxiety about declining hours of work in the late twentieth cen-
tury, see, e.g., Rifkin 1995 and Aronowitz and DiFazio 1994. They,
along with numerous writers in the popular press, attribute reduced
work hours to the malfunctioning of technology. Workers are being
displaced by machines. The anxiety is fed by politicians and com-
mentators who looked to the revenue from increased employment as
a solution to pension and health care problems.

2. Fogel 2000.

3. Rifkin 1995; Aronowitz and DiFazio 1994.

4. Fogel 2000.

5. Davidson 1982, chap. 9.

6. Robinson 1988; Moffit 1968–92.

7. Veblen [1899] 1934.

8. Shaw [1928] 1931, p. 91.

9. Lee 1996.

10. U.S. Department of Labor, Bureau of Labor Statistics 1994; U.S.
Bureau of the Census 1996, pp. 623, 723.

11. U.S. Department of Labor, Bureau of Labor Statistics 1994; U.S.
Bureau of the Census 1994; Edmondson 1996; U.S Bureau of the
Census 1996, p. 623.

12. U.S. Department of Labor Statistics 1959; U.S. Department of Labor,
Bureau of Labor Statistics 1994; Cox and Alm 1998.

13. Goldin 1990.
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15. Shellenbarger 1997; Graham and Crossen 1996.

16. Bohl 1996; Capowski 1996; Peak 1996; Scott 1996.

17. Moffit 1968–92; U.S. Bureau of the Census 1994; Robinson and
Godbey 1997; cf. Schor 1991; Hochschild 1997; Lee 2000.

18. Manton 1993; Manton, Corder, and Stallard 1997.

19. Even among households in which both the husband and wife are in
the labor force, total hours of work (in the market and as chores at
home) are substantially less than they were a century ago. Moreover,
families with the highest number of hours (usually between ages 50
and 54) are often trading current leisure for early retirement. See Fogel
2000.

20. Maddison 1991, 1995, 2001.

21. Fogel 2000, chap. 5.

22. See Fogel 2000, Appendix 5D, for the calculations on which this
example is based.

23. Iyer 1993; Poortvliet and Laine 1995.

24. Fogel 2000, Appendix 5D.

25. U.S. Social Security Administration 1997.

26. Birch 1974.

27. Cf. Economic report of the President 2002.

28. Fogel 2000; cf. Kotlikoff 1996.

29. Laslett 1991; Lenk 1994.

30. Improvements in the efficiency of delivering health services as well as
improvements in the quality of health care have actually reduced the
price of health care services once account is taken of quality. Similarly,
the Internet has reduced the cost of acquiring information.

31. Computed from unpublished data in the Union Army and Health and
Retirement Study samples; see also Bell, Wade, and Goss 1992.

32. Barker 1998.

33. Law and Shiell 1996; Frankel et al. 1996; Scrimshaw 1997; Leon et
al. 1998. For more detail, see Chapter 5.

34. Manton and Gu 2001.

35. Murray and Lopez 1996.
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36. Work on the National Long-Term Care Survey has revealed an accel-
erating decline in disability rates since the early 1980s. See Manton,
Corder, and Stallard 1997; Singer and Manton 1998; Manton and
Gu 2001; Jacobzone 2002.

37. Cutler and Meara 1998.

38. Newhouse 2001; Duggan 2000; Chernichovsky 2000.

39. Keyfitz and Flieger 1990.

40. Fogel 2000 and 2003.

41. Statistical yearbook of China 2001; World Bank 2001.

42. Keyfitz and Flieger 1990.

Chapter 5. Problems of Equity in Health Care

1. See, for example, Pappas et al. 1993; Ecob and Davey Smith 1999;
Boorah 1999; Tüchsen and Endahl 1999; Michelozzi et al. 1999;
Schuller 1999; Liu, Hsiao, and Eggleston 1999.

2. WHO 2000, p. xiii.

3. WHO 2000, p. xviii.

4. WHO 2000; Hurst 2000.

5. Manton, Stallard, and Corder 1997; van Poppel and van der Heijden
1997; Barker 1998; Fogel 2000.

6. Cresswell et al. 1997; Barker 1997; Henry et al. 1997; Ravelli et al.
1998; Scrimshaw 1997; Barker and Martyn 1997; Andersson et al.
1997.

7. Law and Shiell 1996.

8. Law and Shiell 1996; Frankel et al. 1996; Koupilová, Leon, and
Vågerö 1997; Leon et al. 1998; Forsén et al. 1997; Stein et al. 1996,
1997.

9. Paneth and Susser 1995; Perry et al. 1995; Scrimshaw 1997.
This evidence strongly suggests that environmental influences con-

tinue to dominate the pattern of improvement in chronic conditions
at later ages. However, the evidence needed to document the propo-
sition is not yet in hand. The Center for Population Economics at the
University of Chicago has recently begun collecting data needed to
measure the impact of improvements to the environment on the de-
cline in disabilities during the twentieth century (the EXDID Project).
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16. Hurst 2000; Sekhri 2000.
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Co-operation and Development 2001.

18. Sekhri 2000.
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Postscript: How Long Can We Live?

1. U.S. Census Bureau 2000b.

2. Change in the age structure accounts for some of the change in the dis-
tribution of deaths. According to this proposition, countries in which
this decline has already occurred are unlikely to be able to produce
another such reduction in mortality rates. U.S. National Center for
Health Statistics 1997; Preston, Keyfitz, and Schoen 1972; Preston
1985; Linder and Grove 1947.

3. Oeppen and Vaupel 2002.
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Appendix

1. Kim subsequently obtained the Norwegian data set of approximately
1.8 million observations. The plots of Waaler surfaces obtained from
the disaggregated data were virtually the same as those shown in this
book. However, with the full set of observations, many additional
issues could be addressed. See Kim 1996.





Glossary of Technical Terms

anthropometric data: physical measurements of the human body, such as
standing height, sitting height, weight, and skinfold thickness.

autoimmune thyroiditis: an inflammation of the thyroid gland commonly
caused by an abnormal immune response in which lymphocytes (white
blood cells that generally fight infection and disease) invade the tissues
of the gland.

basal metabolism: the minimum amount of energy expended by the body
to maintain vital processes, such as respiration, circulation, digestion,
and body temperature.

beriberi: a nutritional disorder due to deficiency of vitamin B1. It is
widespread in rice-eating communities in which the diet is based on
polished rice from which the seed coat has been removed.

biodemography: the statistical study of human populations, especially
with reference to size and density, distribution, vital statistics, health,
and life processes.

biomedical data: includes anthropometric data as well as vital rates and
physiological characteristics.
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body build: synonym for the shape of the body, referring to such descrip-
tors as height, weight, muscle development, percentage of weight due
to lean body mass, and so on.

body mass: synonym for BMI.

body mass index (BMI): a measure of body fat determined by weight in
kilograms divided by height in meters squared and generally adjusted
for gender and age. For most adults, it is a good indicator of under-
weight or obesity, but it may not be accurate for highly athletic persons
with large amounts of lean muscle mass.

cholera: an acute infection of the small intestine by the bacterium Vibrio
cholerae, which causes severe vomiting and diarrhea leading to dehy-
dration. If the dehydration is not reversed, the disease can lead to death
in a short time. The disease is contracted from food or drinking water
contaminated by feces.

concentration ratio: a synonym for the Gini ratio.

consumer durables: goods that are relatively expensive, such as auto-
mobiles, TV sets, and washing machines, which yield services or util-
ity over time rather than being completely used up at the moment of
consumption.

consuming unit: the number of calories consumed on average by a male
aged 20–39. Used to standardize caloric consumption across the age
and sex distributions of a population.

coronary heart disease: narrowing of the blood vessels of the heart, usually
due to fat or cholesterol deposits in the arteries.

demography: the branch of the social sciences concerned with vital rates
such as death rates, birth rates, and morbidity rates.

GDP: gross domestic product. GDP is a monetary value of all the goods
and services produced by an economy over a specified period. It is
measured in three ways: (1) on the basis of expenditure, (2) on the
basis of income, (3) on the basis of the value added by each industry.
It is currently the most common measure of the material income of a
country.

Gini ratio: a coefficient based on the Lorenz curve. The Lorenz curve,
in general, is a diagram illustrating the degree of inequality and
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concentration of income for a group, created by plotting the cumulative
percentage of a total income obtained by the cumulative percentages
of the group. The Gini ratio represents the degree of inequality in a
frequency distribution, such as personal incomes. It varies between 0
(perfect equality) and 1 (perfect inequality).

hernia: the protrusion of an organ or tissue through the wall of the body
cavity in which it normally lies.

heterosis: the marked vigor or capacity for growth often exhibited by
crossbred animals or plants; also called hybrid vigor.

humoral antibodies: antibodies (white blood cells that target and fight
infections) that circulate in the blood.

hypertension: high blood pressure.

in utero: in the womb.

income elasticity: the proportionate change in the quantity of a com-
modity demanded after a unit proportionate change in the income of
consumers, with prices held constant.

leisure class: a term used by Thorstein Veblen (1857–1929) in his book
The Theory of the Leisure Class (1899) to identify a group of con-
sumers with ostentatious personal spending that satisfies no physical
need but rather a psychological need for the esteem of others. Goods
may be purchased not for their practical use but as “status symbols”
and to “keep up with the Joneses.”

Malthus, Malthusian-type famines: Thomas Robert Malthus (1766–
1834) is generally remembered for his essays on population. Malthus
argued that population has a natural growth rate described by a ge-
ometric progression and that natural resources necessary to support
the population grew at a rate similar to an arithmetic progression. He
thought that without restraints on fertility there would be continued
pressure on living standards and eventual overpopulation leading to
famine.

metabolism: the sum of all the chemical and physical changes that take
place within the body and enable its continued growth and functioning.

morbidity: the state of being diseased.

mortality: the incidence of death in a population during a given period.
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national income: the total incomes of residents of an economy in a given
period after providing for capital consumption (the replacement value
of capital used up in the process of production). National income is
regarded as an indicator of national welfare in the market economy.
See also GDP.

NIPA (national income and product accounts): the official government
system, maintained by the Bureau of Economic Analysis in the Depart-
ment of Commerce, for collecting, processing, and reporting assorted
production and income measures used to track aggregate activity in
the macroeconomy. The NIPA is the source of official estimates of
gross domestic product, net domestic product, national income, per-
sonal income, disposable income, gross national product, and related
measures.

OECD nations: nations belonging to the Organization for Economic
Cooperation and Development. The OECD came into being in 1961.
Its aims are (1) to encourage economic growth and high employment
with financial stability among member countries and (2) to contribute
to the economic development of the less advanced member and non-
member countries and the expansion of world multilateral trade. The
OECD has become particularly important as a forum for the indus-
trialized countries to discuss international monetary problems and to
promote aid and technical assistance for developing countries.

pathogen: a microorganism, such as a bacterium, that invades an animal
(or plant) or human and produces disease.

pellagra: a nutritional disease due to a deficiency of nicotinic acid (a B
vitamin) that results from the consumption of a diet that is poor in
either nicotinic acid or tryptophan.

phagocytosis: the engulfment and digestion of bacteria and other foreign
particles by a cell.

present value: the current net value of an investment project; used to
compare the net benefits and costs of investment projects, taking into
account the rate of interest.

real terms: a money value adjusted for changes in the price level. To con-
vert money values to constant prices or real terms, it is necessary to
deflate data at current prices by an appropriate index number.
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real wages: see real terms.

rickets: a disease of childhood in which the bones do not harden due to a
deficiency of vitamin D.

scurvy: a disease caused by a deficiency of vitamin C.

stroke: a sudden attack of weakness affecting one side of the body as a
consequence of an interruption to the flow of blood to the brain.

type II diabetes: also known as “non-insulin-dependent diabetes”
or “adult-onset diabetes.” Diabetes is a disorder of carbohydrate
metabolism in which sugars in the body are not oxidized to produce
energy due to lack of the pancreatic hormone insulin. Type II diabetes
is the most common form of diabetes and accounts for approximately
90–95 percent of all cases of the disease.





Biographical Notes

WILBUR O. ATWATER (1844–1907) received his Ph.D. from Yale in
1869 for studies on the chemical composition of corn. Studying in
Berlin and Leipzig, he became familiar with German techniques for
measuring respiration and metabolism, and used these techniques to
conduct studies on food analysis, dietary evaluations, energy require-
ments for work, digestibility of foods, and the economics of food pro-
duction. He recommended controlled dietary studies to determine how
nutrient intake affected metabolism and muscular effort. Most diet
analysis programs currently incorporate Atwater’s databases of food
composition values.

RODERICK FLOUD (1942– ) received his Ph.D. from Oxford in 1970
and was Professor of Modern History at Birkbeck College in London
from 1975 to 1988. He is presently Vice-Chancellor of London
Metropolitan University. He has authored and edited many books on
history and economics, including The Economic History of Britain
since 1700 and Health and Welfare during Industrialisation (1997).

SIMON KUZNETS (1901–85) received his Ph.D. from Columbia Uni-
versity in 1926. Kuznets taught at the University of Pennsylvania from
1930 to 1954, at Johns Hopkins University from 1954 until 1960, and
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at Harvard University from 1960 until his retirement in 1971. He was
awarded the Nobel Prize in Economics in 1971 for his contribution to
the measurement and analysis of economic growth. He was on staff at
the National Bureau of Economic Research from 1927 to 1961, where
he pioneered in the development of national income accounts. His pub-
lications include Secular Movements in Production and Prices (1930),
National Income and Its Composition, 1919–1938 (1941), Economic
Growth and Structure (1965), and Population, Capital, and Growth
(1979).

RONALD LEE (1941– ) received his M.A. in Demography from the Uni-
versity of California at Berkeley and his Ph.D. in Economics from
Harvard in 1971, and then spent a postdoctoral year at INED, the
French National Demographic Institute. He taught in the Economics
Department at the University of Michigan for 8 years, and then went to
UC Berkeley, where he is presently Professor of Demography and Eco-
nomics and Director of the Center on the Economics and Demography
of Aging. He has authored and edited numerous books and articles
on demography and aging. He is a past president of the Population
Association of America and received the Mindel Shepps Award for
outstanding research in mathematical demography and demographic
methods. He is a member of the National Academy of Sciences and a
Corresponding Member of the British Academy.

THOMAS MCKEOWN (1911–1988) received his Ph.D. from Cam-
bridge University and from 1950 to 1978 was Professor of Social
Medicine at the University of Birmingham Medical School. He was
a major historian of medicine and put forth the influential and con-
troversial McKeown Thesis, which argued that the growth in world
population after 1700 was not due primarily to the increase in lifesav-
ing medicine or public health policies, but rather to improvements in
overall standards of living resulting from better economic conditions,
especially nutrition.

JEAN MEUVRET (1901–1971) was a historian of early modern France.
He was a tutor at the Ecole Normale Supérieure and was known in
Europe and America for his pioneering studies of the French economy
in the seventeenth century. His most important work, Le problème
des subsistances à l’époque de Louis XIV (3 vols., 1977–88), exam-
ines the corn economy of France during the Old Regime. Meuvret was
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interested in showing how historical conditions affected different net-
works or circuits of exchange in an early monetary economy.

ROGER SNOWDEN SCHOFIELD (1937– ) received his Ph.D. from
Cambridge University in 1963. He is a Fellow of Clare College,
Cambridge, and was Honorary Reader in Historical Demography at
Cambridge from 1991 to 1998. His books include The Population His-
tory of England, 1541–1871: A Reconstruction (with E. A. Wrigley,
1981), Famine, Disease and the Social Order in Early Modern Society
(1989), and English Population History from Family Reconstitutions
1580–1837 (with others, 1997).

THEODORE SCHULTZ (1902–1998) received his Ph.D. from the Uni-
versity of Wisconsin in Economics and in 1943 accepted a chair in
Economics at the University of Chicago, where he remained until his
retirement in 1974. He was awarded the Nobel Prize in Economics in
1979 (jointly with Sir William Arthur Lewis). His major publications
include Agriculture in an Unstable Economy (1953), The Economic
Organization of Agriculture (1953), Transforming Traditional Agricul-
ture (1964), and Investment in Human Capital: The Role of Education
and Research (1971). Schultz developed the ideas of human-capital
theory in his work on the economics of education and made major
contributions to the analysis of agriculture in developing countries. He
highlighted the distortion of policy in taxation and trade that biases
development against agriculture, condemning the sector to subsistence
farming.

P. V. SUKHATME (1911–1997) received his Ph.D. in 1939 from the Uni-
versity of London, specializing in food and nutrition. He was a Fel-
low of the American Statistical Association and the National Academy
of Sciences of India. He was influential in the field of statistics and
statistical methods for agriculture and food production in India and
Southeast Asia. His works include Statistical Methods for Agricultural
Workers (1954), Feeding India’s Growing Millions (1965), and The
World’s Hunger (1961). During the 1970s and 1980s he also worked
with WHO on topics such as agricultural productivity and the use and
safety of irradiated foods.

HANS TH. WAALER although originally trained as an economist, spent
his career as an epidemiologist. Perhaps the best known of his many
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papers is a monograph entitled “Height, Weight and Mortality: The
Norwegian Experience.” At the time of its publication, this pathbreak-
ing study of 1.8 million persons included the largest dataset ever used
to evaluate mortality as a function of body build. Waaler also called to
public attention the U-shaped pattern of mortality with respect to BMI
and the reverse J-shaped pattern of the relationship between mortal-
ity and height. He was the first to draw iso-risk curves relating both
body height and body weight to the odds of dying. Until his retirement,
Waaler was an investigator at the National Institute of Public Health
in Oslo.

SIR EDWARD ANTHONY WRIGLEY (1931– ) received his Ph.D. in
Geography from Cambridge University in 1957 and was Master of
Corpus Christi College. He is the cofounder of the Cambridge Group
for the History of Population and Social Structure and from 1997 to
2001 was President of the British Academy. Wrigley has written exten-
sively on the population history of England between the mid-sixteenth
and mid-nineteenth centuries and on the relationship between short-
term and secular changes in major economic and demographic vari-
ables during this period. His works and edited volumes include Indus-
trial Growth and Population Change (1961), Population and History
(1969), The Population History of England, 1541–1871: A Recon-
struction (with Roger Schofield, 1981), The Works of Thomas Malthus
(1986), and English Population History from Family Reconstitution,
1580–1837 (with others, 1997).
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ment des français: Une analyse “Villermetrique,” Typescript, Center
voor Economische Studiën, Leuven.
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