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  PART I LIFE AND DEATH 
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  TWO 

 

  From Prehistory to 1945 

 

  THE WORLD IS A HEALTHIER PLACE now than at almost any time in the past. 

People live longer, they are taller and stronger, and their children are less likely to be sick or to die. 

Better health makes life better in and of itself, and it allows us to do more with our lives, to work 

more effectively, to earn more, to spend more time learning, and to enjoy more and better time 

with our families and friends. Health is not a single quantity like temperature; someone might have 

terrific eyesight but poor physical stamina, or might live for many years but have serious recurrent 

depression or migraines. The seriousness of any given limitation depends on what a person does or 

would like to do. My lousy throwing arm was an occasional embarrassment in high school, but it is 

not a problem for a professor. Health has many dimensions, and it is hard to boil it down to a single 

convenient number. However, one aspect of health is easy to measure and is of overriding 

importance: the simple fact of being alive or dead. Knowing this is of limited use for an 

individual—one would certainly expect more from one’s physician than the diagnosis “well, you 

are alive”—but measures of life and death are invaluable for thinking about the health of groups of 

people, either whole populations or subgroups, such as men and women, blacks and whites, or 

children and the elderly. 

  One familiar measure of life and death is how long a newborn baby can expect to live. This 

is known as life expectancy at birth, or often simply life expectancy. Provided life is worth living, 

having more years to live is good, and it is usually true (but not inevitably so) that populations in 

which people live longer are also populations in which people are healthier while they are alive. 

We saw in Chapter 1 how life expectancy varies around the world, how it is longer in richer 

countries, and how it has been generally increasing over time. In this chapter, we look in more 
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detail at the how and why of life expectancy and how the world got to where it is now. This book is 

not a history of health, nor a history of life expectancy,
1
 but there is much to be learned from 

looking at the past, and we will not have much chance of a better future if we do not try to 

understand it. 

  To establish where we are now, and to introduce some of the ideas that we shall need, I start 

with the past century or so of mortality and life expectancy in the United States. I then retreat 

back—way back—to see what life was like at its very beginnings, and then fast-forward to about 

1945. The end of World War II is a convenient resting point because, after 1945, there are much 

better data, and because the story line changes. 

  Basic Notions of Life and Death, Illustrated by the United States 

 

  Life expectancy in the United States increased from 47.3 years in 1900 to 77.9 years in 

2006. Figure 1 plots the numbers separately for men and women; women typically live longer than 

men, and they did so throughout the twentieth century. Both men and women had large increases 

in life span: 28.8 years for men and 31.9 years for women. The rate of increase was faster in the 

first half of the century but continues on today; in the past quarter-century, the life span of men has 

increased by one year every five years, and the life span of women, by one year every ten years. 

The first thing to take away from the figure, as is the case for much of this book, is that things are 

getting better, and hugely so. To have increased life spans by thirty years over a little more than a 

century is an extraordinary achievement, a Great Escape indeed. Having registered that big fact, 

we can note some of the secondary features of the figure. Why are men and women so different, 

not only in the years of life they can expect, but also in the rates at which their life expectancies are 

improving? Why does the first half-century look so different from the period after World War II? 
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  FIGURE 1 Life expectancy for men and women in the United States. 

 

  An immediate feature of the figure is the large dip in life expectancy during the influenza 

epidemic at the end of World War I. Life expectancy in 1918 was 11.8 years lower than life 

expectancy in 1917 and then rose again by 15.6 years in 1919, and life expectancy was back on its 

trend immediately after the epidemic. In the world as a whole, more than fifty million people may 

have died in the epidemic, more than half a million of them in the United States. Yet the way that 

life expectancy is defined tends to exaggerate the epidemic’s effect on the life chances of a 

newborn child. In hindsight, we know that the flu epidemic would last only one year, so that if the 

baby made it through its first year of life, there would be no further threat from the epidemic. But 

when demographers calculate life expectancy in 1918, they assume that the epidemic will be 

permanent, and in 1919, they forget that it ever existed. This may seem like an odd way to assess 
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life chances, but, in fact, it is hard to see how to do better. 

  When we are presented with a newborn child today and asked to calculate how long we 

think he or she will live, we need to know about the risks of dying in the years ahead, something 

that we do not know. Demographers work around that problem by using information on the risks at 

the time of birth, and they calculate how long the baby would be expected to live if the risks of 

dying at each age were exactly the same as they are today. In the case of an epidemic like the 

1918–19 influenza epidemic, the mortality risk at every age was suddenly increased in 1918, so 

when life expectancy at birth is calculated for that year, the assumption is that the baby will face 

the age-specific risks of the epidemic in every year of life. This would make sense if the epidemic 

were to last forever, or at least for the lifetime of the child, but if the epidemic lasts only a year or 

two, the sharp drop in life expectancy overstates the real risks over the child’s life. We can do 

better than this, but only with hindsight, once we wait until everyone in the child’s birth cohort has 

died—which will be a wait of more than a century—or if we make forecasts. But forecasts have 

difficulties of their own—for example, no one in 1917 would have predicted the influenza 

epidemic at all. 

  Standard life expectancy measures—the ones that do not wait until everyone is dead and 

that do not make forecasts—are called “period” measures, meaning that they are calculated on the 

assumption that the mortality risks of the period are fixed forever. Not only can this be an issue for 

episodes like the influenza epidemic but it is also a problem for thinking about life expectancy 

today. When we look at Figure 1 and think about the future, it is hard not to think that life 

expectancy will continue to increase and mortality rates will continue to fall. Which means that life 

expectancy today, which is a little over 80 for a girl child born in the United States, is likely to 

underestimate the expectation of life for today’s newborn, who might reasonably expect—if 

progress continues—to live to be a centenarian. 

  The influenza epidemic is only one of the reasons why the graphs in Figure 1 are so much 
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more variable before 1950 than after 1950. While there was nothing comparable to that disaster, 

there were many smaller waves of disease that were large enough to show up in the life expectancy 

of the population. Infectious diseases that do not concern us much today were still threats in the 

United States in 1900, when the leading causes of death were, in order of importance, influenza, 

tuberculosis, and diarrhea. Tuberculosis remained in the top three until 1923, and in the top ten 

until 1953. Infectious diseases, including pneumonia, diarrheal disease, and measles, brought early 

death to many children. At the beginning of the century the deaths of children from these 

infectious diseases were relatively more important than they are today, when most deaths are 

among the elderly, and from chronic diseases like cancer and heart disease, not from infections. 

This change is the same epidemiological transition that we saw in Chapter 1 when we compared 

rich and poor countries today, and which took place over time in today’s rich countries. 

  The “aging of death,” from children to the elderly, makes life expectancy less sensitive to 

year-to-year fluctuations in deaths which, with the reduction in infectious disease, are themselves 

less pronounced today than in the past. Saving the lives of children has a bigger effect on life 

expectancy than saving the lives of the elderly. A newborn who might have died but does not has 

the chance to live many more years, which is not the case when a 70-year-old is pulled through a 

life-threatening crisis. This is also one of the reasons why the rate of increase in life expectancy has 

slowed down in recent years; mortality among children is now so low that progress can only really 

take place among older adults, among whom reductions in mortality rates have smaller effects on 

life expectancy. 

  Just because life expectancy is more sensitive to early-life than to late-life mortality, it does 

not follow that it is more important or more worthwhile to save the life of a child than to save the 

life of an adult. That is an ethical judgment that depends on many factors. On the one hand, saving 

a child saves many more potential years of life, while on the other, the death of a newborn does not 

entail the end of the many projects, interests, relationships, and friendships that are part of an adult 
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life. Along these lines, the economist Victor Fuchs has suggested that the value of a life might be 

judged by the number of people who come to the funeral, a not entirely serious proposal that neatly 

captures the idea of down-weighting the very young as well as the very old. But such matters 

cannot be settled by the mechanical choice of a particular measure of health, such as life 

expectancy. Life expectancy is a useful measure, and it captures much that is important about 

population health. However, if we choose it as a measure of wellbeing, and set it as one of 

society’s targets, we are buying into an ethical judgment that more heavily weights mortality at 

younger ages. Such judgments need to be explicitly defended, not simply adopted without thought. 

  The choice of life expectancy can sometimes be downright misleading. Figure 1 shows that 

life expectancy rose much more rapidly in the first half of the twentieth century than in the second 

half. This happened because infant and child mortality was high in 1900, and because reductions in 

mortality among the young have much larger effects on life expectancy than the reductions in 

mortality among the middle-aged and elderly that were so important at the end of the century. If we 

think of life expectancy as the measure of population health, or even as a good measure of general 

social progress, we can easily convince ourselves that the United States did better before 1950 than 

after 1950. It is certainly possible to argue that case, but focusing on life expectancy prioritizes 

mortality decline among the young over mortality decline among the old, and that is an ethical 

choice that needs to be argued, not just taken for granted. The same issue appears when we 

compare mortality decline in poor countries—mostly among children—with mortality decline in 

rich countries—mostly among the elderly. If we use life expectancy, poor countries are catching 

up in health and welfare, but such a catch-up is not a fact about health or even about mortality in 

general but an assumption, that life expectancy is the best indicator of health and social progress. I 

shall return to these issues in Chapter 4. 

  Figure 1 shows that the difference in life expectancy between American men and women, 

although always in favor of women, is different today than it was in the past. The difference in life 
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spans was two to three years at the beginning of the twentieth century and rose in fits and starts 

until the late 1970s, after which it fell again, in the early years of the twenty-first century, to about 

five years. The differences in mortality rates between males and females are far from fully 

understood. Women face lower risks of death than men throughout the world, and throughout life; 

men are at higher risk even before they are born. The exception is maternal mortality, a risk from 

which men are exempt, and the reduction in maternal mortality in twentieth-century America is 

one reason why women’s life expectancy has risen faster than men’s. 

  A much more important reason is changing patterns of smoking. Smoking causes death 

both through heart disease—relatively quickly—and through lung cancer—with about a 

thirty-year wait between exposure and death. The slowdown in the rate of improvement in life 

expectancy among men in the 1950s and 1960s owes much to the earlier rise in their cigarette 

smoking. Men started smoking much earlier than women—among whom smoking was socially 

disapproved for many years, an injustice that did wonders for women’s health!—but men also quit 

much sooner. The slowdown in life expectancy growth for women happens right at the end of the 

graph, two or three decades after the corresponding slowdown for men. In recent years, American 

women have also sharply reduced their smoking, and the rates of lung cancer for women have 

begun to turn down, as did those for men many years ago. For the rich countries of the world in the 

second half of the twentieth century, smoking is one of the most important determinants of 

mortality and of life expectancy. 

  The inequality in mortality between men and women is far from the only inequality 

between groups in the United States. In 2006, life expectancy at birth for African-American men 

was six years less than life expectancy for white men; for women, the difference was in the same 

direction, but smaller: 4.1 years. And like the differences between men and women, these 

differences have not remained constant over time. The Centers for Disease Control and Prevention 

estimate that, at the beginning of the twentieth century, there was a more than fifteen-year gap in 
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life expectancy between whites and what were then known as nonwhites, a broader category than 

African-Americans. 

  Inequalities in life expectancy echo other inequalities between black and white in 

America—in income, in wealth, in education, and for much of the century, even in the opportunity 

to vote or to run for office. This consistent pattern of inequality in so many dimensions means that 

the gaps in wellbeing are even starker than the gaps in any one dimension, such as mortality or 

income. Any study of inequities between blacks and whites in the United States has to look at the 

whole picture at once, not just at health or only at wealth. Inequalities in mortality between ethnic 

and racial groups are not well understood, although unequal provision of health care is certainly 

important. The reduction of gaps in life expectancy and in child mortality is part of the general 

reduction in racial differences over the century, and a reduction in one inequality tends to 

contribute to reductions in others. That such differences defy simple explanations is shown by the 

mortality rates of Hispanics in the United States, whose life expectancy in 2006 was two and a half 

years longer than the life expectancy of non-Hispanic whites. The Great Escape from premature 

death in the United States has come to both men and women, and to all racial and ethnic groups, 

but the different groups started from different places, and made their escapes at different rates, so 

that patterns of inequalities have also changed over time. 

  Although the United States spends almost twice as much on health care as any other 

country, its citizens are not the longest lived. British and American life expectancies were very 

similar until the 1950s. There then followed a twenty-year period of British advantage which was 

lost in the 1980s, but then opened up again in the late 1990s and the early years of the new century. 

A gap of less than half a year in 1991 had grown to a gap of one and a half years by 2006. The gap 

between the United States and Sweden is much larger, more than three years in favor of the 

Swedes. Although the Swedish advantage has grown in the past few years, it goes back as long as 

we have records. In Chapter 4, I shall return to the gaps in life expectancy between the rich 
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countries and try to explain what might be causing them. As is the case between groups within the 

United States, the experience of escape has been different for different countries. As we shall see, 

these differences are dwarfed by the differences between rich and poor countries. 

  To understand more about life expectancy, we need to dig deeper and look at mortality at 

different ages. Figure 2 shows how mortality rates vary with age for a selection of countries and 

years: Sweden in 1751 (Swedish data go back further than in any other country), the United States 

in 1933 and in 2000, and the Netherlands, also in 2000.
2
 (The graph for Sweden in 2000 is close to 

that for the Netherlands, but a little lower at young and high ages.) These graphs show mortality 

rates for each age up to age 80—the number of people older than 80 thins out to the point where the 

graphs are unreliable. Mortality rates are shown as deaths per thousand people who are alive at that 

age. So, for example, the top curve shows that in Sweden in 1751, more than 160 out of every 

thousand newborns did not make it to their first birthday, while at age 30, only ten out of every 

thousand 30-year-olds did not survive to become 31. The logarithmic scale is useful here too, and 

I have used it for the vertical axis, so that the (fourfold) move from 0.5 to 2 shows up as the same 

size as the (fourfold) move from 10 to 40. The lowest mortality rates in the graph, for 10-year-olds 

today, are a thousand times lower than the mortality rates for newborns in Sweden in 1751, or only 

a tenth of the rates for 10-year-olds in the United States in 1933. 
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  FIGURE 2 Mortality rates by age, selected countries and periods. 

 

  Mortality curves have a characteristic shape, reminiscent of the Nike “swoosh”: starting 

high at low ages, falling sharply to reach a low point in the early teens, and then rising steadily with 

age. The risk of death is at its greatest early in life and then again in old age. A vivid illustration 

comes from a sign in the washroom of a maternity hospital that I visited, urging patrons to wash 

their hands thoroughly because “the first few days of life are critical.” Beneath this was scrawled, 

“not as critical as the last few days.” The joke mostly pokes fun at the medical profession’s use of 

the word critical, but it neatly highlights the fact that we are in most danger of dying very early and 

very late in life. 

  Whether young life or old life is the more dangerous has changed over the years. In 

Sweden in 1751—well before the modern mortality decline—it was riskier to be a newborn than to 
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be an 80-year-old. Today, when the chance of dying in the first year of life is less than 1 percent, it 

is more than six times riskier to be an 80-year-old. In the eighteenth century and for thousands of 

years before that, many people died as children; in Sweden in 1751, about a third of children died 

before their fifth birthday. Today, in Sweden and in other rich countries, almost everyone lives to 

die when they are old; indeed the Swedish infant mortality rate today is only around three per 

thousand. 

  The changing balance between young and old mortality means that, in a country where 

many children die, almost no one will actually live the number of years that national life 

expectancy says they should. We usually think of an average as a sort of “representative” or typical 

figure, but one of the peculiarities of the average number of years lived is that this is incorrect. In 

Sweden in the late eighteenth century, life expectancy was in the low to mid-30s, from which one 

might easily, but wrongly, conclude that few people lived to be old, and that few children ever got 

to know their grandparents. But this was not true; if you were lucky enough to get past the dangers 

of childhood, then you had a good chance of making it into old age—not as good as would be the 

case today, but enough to ensure that you had a fair chance of knowing your grandchildren. An 

extreme case would be one in which half of newborns die at birth and the other half live to be 50. 

Life expectancy at birth is 25, but no one dies at 25, and remaining life expectancy at first birthday 

is 49 years, 24 years longer than life expectancy at birth! A less extreme but real example comes 

from England in the middle of the nineteenth century, where life expectancy at 15 (sometimes 

called “adult” life expectancy) was higher than life expectancy at birth; I will come back to this 

later. More generally, keeping the mortality “swoosh” in mind is the key to understanding changes 

in life chances over time as well as the differences between rich and poor countries. 

  The mortality “swooshes” in Figure 2 show steady progress over time, with the 

“swooshes” for later dates always beneath those for earlier dates. We do not have data for the 

United States or the Netherlands in the eighteenth century, but we can suppose that the picture was 
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roughly similar to that for Sweden. Life in 1933 and in 2000 was much less risky, with very large 

percentage reductions in mortality compared with earlier years, especially at younger ages, but not 

excluding the elderly, who did particularly well between 1933 and 2000. The comparison of the 

Netherlands and the United States in 2000 shows, once again, that the United States does badly 

compared with other rich countries; mortality rates in the United States in 2000 were higher than 

mortality rates in the Netherlands at all ages up to age 73. This pattern between the United States 

and the Netherlands carries over to comparisons between the United States and other rich 

countries. For those who live long enough, mortality rates are extraordinarily low in the United 

States, perhaps because of the willingness of the American medical system to use every means 

available to save lives, even among those with only a few years left to live. 

  The bottom two curves, for the United States and the Netherlands in 2000, show a 

temporary peak in mortality around age 20. Between ages 15 and 34, the leading causes of death 

are not disease—except briefly during the AIDS epidemic and before the advent of antiretroviral 

drugs—but accidents, homicide, and suicide. The mortality curves for earlier periods show that 

these dangerous and sometimes deadly behaviors by young people—particularly young men—are 

much more pronounced now than seventy years ago, and they do not appear at all in Sweden in the 

eighteenth century. 

  Where do the numbers in the figures come from? How do we know about mortality rates? 

In the wealthy countries of the Organisation for Economic Co-operation and Development 

(OECD) today, all births and deaths are registered with the government as they occur. Babies have 

birth certificates, and when people die, doctors or hospitals issue death certificates listing their 

particulars, including age, sex, and cause of death. This is known as the “vital registration system,” 

vital in this context meaning to do with life and death. In order to make sure that birth and death 

records are correct, the vital registration system needs to be complete, meaning that every birth and 

every death must be registered. To get mortality rates, we also need to know the population by age, 
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sex, and race so as to be able to calculate the fractions who have died; these counts come from 

regular censuses of the population, which most countries carry out every decade or so (for some 

reason, almost always in years ending in either zero or one). 

  Sweden was one of the first countries to have a complete vital registration system, which is 

why we have Swedish mortality rates for as early as the eighteenth century. London started 

collecting “bills of mortality” in the seventeenth century, and parish registers in Europe go back 

even further. The Puritans in Massachusetts thought that registration should be the business of the 

state, not the church, and Massachusetts had a vital registration system by 1639. Yet it was only in 

1933 that all American states had complete registration, itself an important marker of government 

capacity. Without comprehensive data on births and deaths, a society is ignorant of the most basic 

facts about its citizens, and many of the roles that government exercises, and that today we take for 

granted, become impossible. The Swedes in the eighteenth century and the Puritans in 

Massachusetts were visionaries and pioneers in good government. 

  The American life expectancy data in Figure 1 before 1933 refer only to the states with 

registration. For countries with less than complete vital registration, or that lack good census 

data—probably a majority of countries in the world even today lack the state capacity to maintain 

either—demographers have developed tricks and approximations for filling in the blanks. For 

infant and child mortality, which remains a common occurrence in many countries, surveys of 

mothers can tell us how many children have been born and how many have survived. The United 

States Agency for International Development funds an invaluable series of surveys—the 

Demographic and Health Surveys—which collect this information for many poor countries where 

vital registration either does not exist or exists but is ignored in practice. (Parents do not register 

the births of their children, and when children or adults die, they are buried or cremated according 

to local custom, without the information being gathered into any national database.) 

  For the deaths of adults, there remain substantial gaps in information in many 
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countries—where even the best estimates are little more than guesses—and in those cases it is 

impossible to draw the complete mortality “swooshes” that appear in Figure 2. Life expectancy is 

a little easier to guess, because it is so heavily influenced by child mortality, but in countries where 

adult mortality is unusual or variable—such as those affected by the HIV/AIDS epidemic—life 

expectancy estimates also need to be treated very cautiously. For all of these reasons, it is useful to 

look at the health experience of the poorest countries separately from that of the rich countries, 

which is what I shall do in Chapters 3 and 4. 

  Life and Death in Prehistory 

 

  How did today’s mortality patterns come about? What caused the huge increase in life 

expectancy in the twentieth century? What was life like in the past, what made it get better, and 

what lessons does the past hold for improving the health of the large fraction of the world’s 

population that has not yet escaped from the tentacles of early death? 

  For perhaps 95 percent of the time that humans have existed, for hundreds of thousands of 

years, people lived by hunting and gathering. Today, when there are only a few hunter-gatherer 

groups left in the world, nearly all living in marginal environments such as deserts or the Arctic, it 

might seem strange that life among such people has any relevance for our health. But it was the 

hunter-gatherer existence that shaped us, if only because of the enormous spans of time involved. 

Human beings evolved to be hunter-gatherers, and our bodies and minds were adapted for success 

in such an existence. Humans have lived in modern circumstances, as farmers or city-dwellers, for 

“only” a few thousand years, and it helps in understanding our health today if we know something 

about the conditions for which our bodies were designed. 

  We cannot look back and know how our ancestors lived and died hundreds of thousands of 

years ago, but much has been learned from the archeological record, including the examination of 

skeletal remains (paleopathology), which provide an amazing amount of information about 
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nutrition, disease, and causes of death. Paleopathology can also estimate age at death from even 

partial skeletons, so we know something about life expectancy. Anthropologists have been 

studying actual hunter-gatherer groups for much of the past two hundred years, though some of the 

best evidence—including medical evidence—comes from contemporaneous groups (with 

appropriate adjustments made for their contact with modern society). Taken together, the two 

sources of evidence have provided a remarkable amount of useful data.
3
 

  Diet is a good starting point. So is exercise. Hunter-gatherers did a lot of brisk walking, 

tracking down prey, perhaps ten or fifteen miles a day. Their diet contained mostly fruits and 

vegetables, which were typically more easily obtained than animals. Wild plants—as opposed to 

their cultivated descendants—are fibrous, so hunter-gatherers ate lots of roughage. Meat was 

highly prized but often scarce, although some of the most fortunate groups lived in times or places 

where large wild animals were plentiful. Meat from wild animals has a much lower fat content than 

the meat from the farmed animals we eat today. People ate a wide variety of plants and meat, more 

so than in many agricultural communities even today, so micronutrient deficiencies were rare, as 

were diseases associated with them, such as anemia. Work was a cooperative activity, carried out 

with family and friends, and people depended on others to be successful in obtaining food. All of 

this sounds just like what my doctor tells me at each annual physical: get more exercise; eat less 

animal fat, more fruits and vegetables, and more roughage; and spend less time by yourself in front 

of a screen and more with your friends having fun. 

  Although hunter-gatherers knew nothing of modern hygiene, their behaviors helped 

protect their health, at least to some extent. Fertility was low by the standards of the poorest 

countries today, with the average woman giving birth to about four children, widely spaced and 

breast-fed for long periods. Low fertility may have been aided by infanticide, but 

breast-feeding—which lowers the probability of conception—would also have helped, as perhaps 

did the fact that women, like men, got lots of exercise. The contamination of food or water by 
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human excrement—what in polite circles is called the fecal-oral transmission route for disease—is 

an efficient way of passing infection from one person to another and would kill millions in later 

eras. The fecal-oral link is obviously less dangerous where population density is low, and many 

groups of hunter-gatherers did not stay in one place long enough for accumulated waste to become 

an unmanageable threat. Even so, around 20 percent of children died before their first birthday, a 

number high by modern standards but not very different from, and in many cases better than, that 

seen in now-rich (but then-poor) countries in the eighteenth and nineteenth centuries—not to 

mention a number of poor countries in the twentieth and twenty-first. 

  Exactly how hunter-gatherers were organized depended on where they lived and on the 

local environment. But we can imagine a hunter-gatherer band containing thirty to fifty 

individuals, many of whom were kin, and small enough for everyone to know everyone else well. 

The band might be linked with other such bands within broader networks of hundreds, or in some 

cases thousands, of individuals. Within the band, resources were shared remarkably equally, and 

there were no leaders, kings, chiefs, or priests who got more than their fair share or who told other 

people what to do. According to one account, anyone who tried to set themselves above others was 

laughed at and, if the behavior persisted, killed.
4
 One reason why equal sharing might have been 

important is that most of the groups did not or could not store food. So if one hunter and his friends 

had successfully hunted a woolly mammoth (or a lizard weighing a ton, or a 400-pound flightless 

bird) they could eat until they could eat no more, but they would have no way of keeping the 

leftovers for days when no mammoth, lizard, or bird was to be found. One good workaround is to 

share the mammoth with the whole group, so that when someone else kills another large animal on 

another day, last month’s mammoth-catchers will get a share too. Over hundreds of thousands of 

years, individuals and groups that were good at sharing would do better than individuals and 

groups that did not share, so that evolution could eventually produce a species with a hardwired 

belief in sharing. Our current deep-seated concerns with fairness, as well as our outrage when our 
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norms of fairness are violated, are quite possibly rooted in the absence of storage options for 

prehistoric hunters. There is even some evidence that in places where limited storage was 

possible—in northern as opposed to equatorial latitudes—societies tended to be more unequal. 

  Hunter-gatherer societies were egalitarian societies that managed without rulers, but we 

should not regard them as paradises, as Gardens of Eden before the Fall. Encounters with other 

groups were frequently violent, sometimes to the extent of ongoing warfare, and many men died in 

battle. Because there were no leaders, there was no effective system of law and order, so that 

internal violence—often between men fighting over women, or as a result of disagreements—went 

unpoliced, another source of high adult mortality. Hunter-gatherers were exempt from some 

infectious diseases, though others, like malaria, have likely been present throughout human 

history. Small groups cannot maintain infectious diseases, such as smallpox, tuberculosis, or 

measles, that confer (sometimes limited) immunity upon recovery, but they are subject to zoonotic 

diseases whose normal hosts are wild animals or the soil, as well as to a range of parasites such as 

worms. Life expectancy at birth among hunter-gatherers, around 20–30 years depending on local 

conditions, was short by today’s standards, although not by historical standards in the West, nor 

within living memory in countries that remain poor today. 

  The availability of food varied from place to place and time to time, so that there would 

have been inequality between groups, and the wealth and longevity of groups would have changed 

over time. There is skeletal evidence suggesting periods of plenty, particularly in places where 

there was an abundance of easily hunted large animals—buffalo in the American West or large 

flightless birds in Australia. In these places and times, hunter-gatherer groups were what the 

anthropologist Marshall Sahlins described as the original affluent societies.
5
 Large wild animals 

provided a rich and well-balanced diet—their fat content was only 10 percent of that of artificially 

fed and rarely exercised modern farm animals—and could be killed with minimal work, so that 

people in such groups had a high material standard of living and lots of leisure. Yet this Garden of 
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Eden, if such it was, was lost as many of the large animals were hunted to extinction, forcing 

people to switch to plants and seeds and to smaller, harder-to-catch animals like rodents. This 

prehistoric degradation reduced the standard of living, and the skeletons of people from this 

era—who got less to eat from childhood on—are shorter than those of their more fortunate 

predecessors. 

  The history of the wellbeing of hunter-gatherers—their nutrition, their leisure time, and 

their mortality rates—is important for the general themes of this book. We should not suppose that 

the wellbeing of mankind has steadily improved over time or that human progress has been 

universal. We spent most of our history as hunter-gatherers, and during that time, as food got 

scarcer and work got harder and longer, life got worse, not better. Worse was to come as people 

moved from foraging to farming. Although we are now used to better (where “we” refers to the 

privileged inhabitants of today’s rich world), the capability to live such long and good lives is a 

recent gift that even now has not been bestowed on everyone in the world. The anthropologist 

Mark Nathan Cohen, whose Health and the Rise of Civilization is one of my main sources here, 

concludes his review by observing that “the undeniable successes of the nineteenth and twentieth 

centuries have been of briefer duration, and are perhaps more fragile, than we usually assume.”
6
 

  We also learn from this distant past that inequality has not characterized all human 

societies. For most of history there was no inequality, at least within groups of people who lived 

together and knew each other. Inequality, instead, is one of the “gifts” of civilization. Again, 

quoting Cohen, “The very process that creates the potential of civilization simultaneously 

guarantees that the potential is unlikely to be aimed equally at the welfare of all of its citizens.”
7
 

Progress in prehistory—like progress in recent times—is rarely equally distributed; a better 

world—if indeed a world with agriculture was a better world—is a more unequal world. 

  The invention of agriculture—the Neolithic revolution—began “only” about ten thousand 

years ago, a brief period indeed compared with the hunter-gatherer era that preceded it. We are 
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accustomed to thinking of “revolutions” as transformative positive events—the Industrial 

Revolution and the germ-theory revolution are the two obvious examples. Yet it is unclear that 

agriculture was an advance to a higher plateau of wealth and health, as opposed to a retreat from an 

older way of living that had become unsustainable as animal stocks and suitable plants ran out 

under pressure of rising numbers and rising temperatures at the beginning of the Holocene. Like 

the “broad-spectrum” revolution that preceded it—the switch from large animals to small animals, 

plants, and seeds—the turn to agriculture is perhaps more accurately seen as an adaptation to the 

increasing difficulty of foraging for food, as was argued many years ago by the economist Esther 

Boserup.
8
 Agriculture may have made the best of a bad job, and giving up foraging for a sedentary 

life as a farmer may have been better than living on increasingly hard-to-find and ever-smaller 

wild seeds, but it should not be seen as part of a long-term trend to better wellbeing. 

Hunter-gatherers who had access to wild game, worked little, and thoroughly enjoyed the hunts 

were unlikely to have voluntarily swapped their lives for the drudgery of agriculture and what The 

Communist Manifesto called the “idiocy of rural life.” Morris summarizes Sahlins’s argument as, 

“Why did farming ever replace foraging if the rewards were work, inequality, and war?”
9
 

  Settled agriculture allowed food to be stored, in granaries and in the form of domesticated 

animals. Agriculture allowed and was made more efficient by the possession of property and the 

development of priests and rulers, towns and cities, and within-community inequality. Larger 

settlements and the domestication of animals brought new infectious diseases, such as 

tuberculosis, smallpox, measles, and tetanus. The Neolithic revolution probably did little to 

increase life expectancy and may actually have reduced it, if only because children continued to 

die in large numbers, from malnutrition and from germs, as well as from the new diseases, and 

because sanitation is harder to deal with and fecal-oral transmission harder to prevent in large, 

sedentary communities. Immobile agricultural communities also limited the diversity of food, and 

domesticated crops are in many cases less nutritious than their wild progenitors; stored food can 
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also be spoiled food and yet another source of disease. Trade between communities could offset 

the monotony of the local menu, but it also brought new threats of disease. These “new” diseases, 

transmitted from previously unconnected civilizations, brought infections against which local 

populations had no immunity; they could and did cause huge mortality, up to and including the 

collapse of whole communities and civilizations.
10

 

  There is no evidence of any sustained increase in life expectancy for thousands of years 

after the establishment of agriculture. It is possible that adult mortality rates fell somewhat as child 

mortality rates rose; with very high mortality among children, those who survive may be 

particularly hardy. Women in agricultural settlements had more children than their foraging 

ancestors, and although they also lost more, the switch to agriculture helped population numbers 

increase. In good times, or when productivity increased through innovations, the new possibilities 

led not to sustained increases in per capita income or life expectancy, but rather to increased 

fertility and expansions of population as the carrying capacity of the land increased. In bad times, 

in famines or epidemics, or when there were more people than could be fed, population decreased. 

This Malthusian equilibrium persisted for millennia. Indeed, it is possible that the decline in 

individual wellbeing that took place toward the end of the foraging period continued long after 

agricultural settlement, albeit with interruptions, right through until the last 250 years. 

  We are so used to thinking of progress in terms of rising incomes and extended lives that 

we can easily make the mistake of ignoring the increase in wellbeing that comes from simply 

having more people. If it is true that having more people in the world implies that there will be less 

for each person—because of diminishing returns, for example—then the highest possible per 

capita wellbeing would come about in a world with only one person—hardly what we think of as a 

good world. Philosophers have debated these issues for many years; one position, argued by the 

philosopher and economist John Broome, is that once people are above some basic subsistence 

point that makes life worth living, then having more such people makes the world a better place.
11
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The world is supporting more total wellbeing. If so, and provided that life was worth living for 

most people—admittedly a large proviso—the long Malthusian era from the invention of 

agriculture up to the eighteenth century should be regarded as a period of progress, even if living 

standards and mortality rates showed no improvement. 

  Life and Death in the Enlightenment 

 

  Fast-forward a few thousand years to a period for which we begin to have good data on 

mortality. The British historical demographer Anthony Wrigley and his colleagues have 

reconstructed the history of English life expectancy from the parish registers that recorded the 

births, marriages, and deaths (hatches, matches, and dispatches) of the population.
12

 These parish 

records are not as good as a vital registration system—the study covered only a sample of parishes, 

there are issues with people moving from one parish to another, newborns who died very soon 

after birth may not have shown up at all, and parents sometimes reused the names of such 

children—but they provide by far the best record that we have for any country before about 1750. 

The line in Figure 3 shows the estimates of the life expectancy of the general population of 

England from the middle of the sixteenth century to the middle of the nineteenth century. Although 

there are sharp fluctuations from year to year associated with epidemics—smallpox, bubonic 

plague, and the “sweating sickness” (possibly influenza, possibly some other virus that no longer 

exists)—there is no clear trend over the three hundred years of the reconstruction. 
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  FIGURE 3 Life expectancy for the English population and for ducal families. (After 

Bernard Harris, 2004, “Public health, nutrition, and the decline of mortality: The McKeown thesis 

revisited,” Social History of Medicine 17(3): 379–407.) 

 

  The circles in the figure show the life expectancy of the English aristocracy for each decade 

of the same three centuries; these data were assembled by the historical demographer T. H. 

Hollingsworth in the 1960s from the typically meticulous records of births and deaths kept by the 

British peerage.
13

 The idea of superimposing the peers on the populace comes from the social 

historian Bernard Harris, who first drew this wonderfully informative diagram.
14

 From 1550 to 

about 1750, the life expectancy of the dukes and their families was similar to, or perhaps a little 

lower than, that of the general population. This in itself is perhaps surprising; richer and 

higher-status populations often have better health than poorer and lower-status populations, a 

phenomenon that is known as the health “gradient”; there is evidence of this as far back as Ancient 
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Rome. So the first lesson is that this “gradient” in health is not universal and was not present in 

Britain for at least two centuries. 

  There is little doubt that the British aristocrats got more to eat than did the common people; 

courtiers of Henry VIII at Hampton Court consumed 4,500 to 5,000 calories a day in the sixteenth 

century, and the king himself eventually became so obese that he could not move without 

assistance. Henry was not alone, and in some other European courts people consumed even 

more.
15

 Yet more food—or at least more food of the kind that the aristocrats consumed—did 

nothing to protect against the bacteria and viruses that brought plague and smallpox, or from the 

poor sanitation that did away with their children. So the comparison with the peerage suggests that, 

in England from 1550 to 1750, it was disease, not lack of nutrition, that set the limits to life 

expectancy. Of course, disease and undernutrition compound one another—it is hard to digest food 

when you are sick—but there is no evidence that the consistently high nutrition levels of the 

aristocracy protected them or their children against the infectious diseases of the day. 

  After 1750, the life expectancy of the aristocracy pulled away from that of the general 

population, opening up a nearly twenty-year gap by 1850. After about 1770, there is also some 

upward movement in life expectancy for everyone. Looking at this figure alone, the movement 

looks comparable to other ups and downs since 1550, but it is significant in hindsight because of 

what was to happen after 1850—a sustained increase in life expectancy for the whole population, 

an increase that continues to this day. Life expectancy at birth in England and Wales was to rise 

from 40 years in 1850 to 45 in 1900, and almost 70 by 1950. The aristocracy not only opened up a 

health gradient in the last half of the eighteenth century, they also got a head start on the general 

increase in life expectancy that was to come. 

  We do not know for sure why the gap opened up, but there are many good guesses. This 

was the British Enlightenment, summarized by the historian Roy Porter as a time when people 

stopped asking “How can I be saved?”—a question that over the past century had brought little but 
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mayhem, including a civil war—and asked instead “How can I be happy?”
16

 People began to seek 

personal fulfillment, rather than seeking virtue through obedience to the church and “performing 

the duties appropriate to one’s place in society.”
17

 Happiness could be pursued by using reason to 

challenge accepted ways of doing things, including obedience to the crown and the church, and by 

finding ways of improving one’s life, including both material possessions and health. Immanuel 

Kant defined the Enlightenment by the mottoes “Dare to know! Have the courage to use your own 

understanding.” During the Enlightenment, people risked defying accepted dogma and were more 

willing to experiment with new techniques and ways of doing things. One of the ways in which 

people began to use their own understanding was in medicine and fighting disease, trying out new 

treatments. Many of these innovations—in this earlier age of globalization—came from abroad. 

The new medicines and treatments were often difficult to obtain and expensive, so that, at first, few 

could afford them. 

  Inoculation for smallpox, or variolation, was one of the most important of these 

innovations.
18

 Smallpox was a leading cause of death in Europe in the eighteenth century. In cities 

that were large enough for the disease to be permanently present, almost everyone caught smallpox 

in childhood, and those who survived had lifetime immunity. The inhabitants of towns and villages 

would often escape the disease for many years, but would have no immunity during an epidemic, 

and large numbers of both children and adults died. In Sweden in 1750, 15 percent of all deaths 

were due to smallpox. In London in 1740, there were 140 smallpox burials—mostly of 

children—for every 1,000 baptisms in the city. 

  Variolation is not the same as vaccination, which was developed by Edward Jenner only in 

1799, was widely and rapidly adopted thereafter, and is credited with major reductions in 

mortality. Variolation was an ancient technique, practiced in China and India for more than a 

thousand years, and also long established in Africa. Material was extracted from the pustules of 

someone suffering from smallpox and scratched into the arm of the person to be protected; in the 
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African and Asian versions, dried scabs were blown into the nose. The inoculee developed a mild 

case of smallpox but became immune thereafter; according to the History of Medicine Division of 

the U.S. National Institutes of Health, only 1–2 percent of those variolated died, compared with 30 

percent of those exposed to smallpox itself.
19

 The technique has always been controversial, and it 

is likely that some of those who were variolated could spread smallpox to others, and perhaps even 

start a full-fledged epidemic. No one would advocate the practice today. 

  The introduction of variolation in Britain is credited to Lady Mary Wortley Montague, 

who, as wife to the Turkish ambassador, had seen the practice in Constantinople and pressed for its 

adoption in Britain at the highest levels of society. Impressed, members of the royal family were 

variolated in 1721, although not before some condemned prisoners and abandoned children were 

pressed to serve as guinea pigs, variolated, and subsequently exposed to smallpox without ill 

effect. Variolation then spread widely among the aristocracy. The historian Peter Razzell has 

documented how, over the next three-quarters of a century, variolation started out as a very 

expensive technique—involving several weeks of isolation and substantial charges by the 

inoculators—and eventually became a mass campaign that inoculated ordinary people. Local 

authorities even paid to have paupers inoculated, because it was cheaper to inoculate them than to 

bury them. By 1800, the number of smallpox burials per baptism in London had fallen by half. 

  In the United States, variolation crossed the middle passage in the slave ships; the 

population of Boston was completely inoculated by 1760, and George Washington inoculated the 

soldiers of the Continental Army. Smallpox epidemics in Boston had killed more than 10 percent 

of the population in the late 1600s and in 1721, when variolation was first tried, but there were 

relatively few smallpox deaths after 1750. 

  The late eighteenth century saw other health and medical innovations, described by the 

medical historian Sheila Ryan Johansson.
20

 Cinchona bark (quinine) was first introduced to Britain 

from Peru as a treatment for malaria, “holy wood” (guaiacum) was brought from the Caribbean 
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and used as a treatment for syphilis (supposedly more effective, and certainly more expensive, 

than mercury), and ipecac was brought from Brazil as a treatment for “the bloody flux.” 

Professional (male) midwives were used for the first time by the wealthy, an innovation imported 

from France. This was also the time of the first public health campaigns (for example, against gin), 

the introduction of the first dispensaries, and the beginnings of city improvement. In my home 

town of Edinburgh in Scotland, a New Town was built starting in 1765; the old city was not 

destroyed, but its central and heavily polluted North Loch was drained, and a new, spacious, and 

salubrious town was built to the north. Sir Walter Scott, who was born in the old town in 1771, lost 

six of his eleven brothers and sisters in infancy, and he himself contracted polio as a child, yet his 

family could not be described as impoverished; his mother was the daughter of a professor of 

medicine and his father, a solicitor. 

  We have no way of quantifying the effects of these innovations on mortality, and even the 

one most likely to have had the largest impact—variolation—remains controversial. Yet there is a 

plausible case that these innovations—all the result of better scientific knowledge, and born of the 

new openness to trial and error—were responsible for the better health of the peerage and the royal 

family at the end of the seventeenth century. At first, because they were expensive and not widely 

appreciated, they were confined to those who were wealthy and well informed, so that new 

inequalities in health were opened up. But those inequalities also signaled that general 

improvements lay just ahead, as the knowledge spread more widely, as the medicines and methods 

became cheaper, and as they led to new and related innovations that could cover the whole 

population, such as vaccination against smallpox after 1799 or the sanitarian movement that 

cleaned up the cities. We shall meet other examples of new knowledge opening up health 

inequalities that presaged general benefits, including the spread of the germ theory of disease at the 

end of the nineteenth century and the understanding of the health effects of cigarettes after the 

1960s. 
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  From 1800 to 1945: Nutrition, Growth, and Sanitation 

 

  If the improvements in life expectancy in the eighteenth century were muted and unequally 

distributed, no one could have missed the enormous and general improvements at the end of the 

nineteenth century and beginning of the twentieth. Figure 4 shows the progress of life expectancy 

for England and Wales, Italy, and Portugal; the data start earlier in Britain, with Italy following 

around 1875 and Portugal only in 1940. There are earlier data for the Scandinavian countries, and 

for France, Belgium, and Holland, but they would not be easily distinguishable from England on 

this graph. As we shall see, it is no accident that the countries that led the fight against mortality are 

those with the best and earliest data. 

   

 

  FIGURE 4 Life expectancy from 1850: England and Wales, Italy, and Portugal. 

 

  I focus on the English story here, but the diagram also highlights the diffusion of 

innovations, something we shall meet again and again. The English experience after 1850 is 
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followed by other countries that got a later start (here Italy and Portugal), and what are initially 

very wide gaps in life expectancy—ten years between Italy and England in 1875 and about the 

same between England and Portugal in 1940—diminish over time, so that by the end of the 

twentieth century Italy had actually overtaken England, and Portugal was not far behind. As was 

the case for the peers and the people in England at the end of the eighteenth century, whatever 

happened in England—and shortly thereafter in the countries of northern and northwestern 

Europe, the United States, and Canada—generated a gap between them and the countries of 

southern (and eastern) Europe, as well as the rest of the world. Over time, those gaps have 

narrowed, as progress has spread and become more generalized—not evenly, not everywhere, and 

not completely, but eventually to the whole world. A better world makes for a world of 

differences; escapes make for inequality. 

  So what did happen in England? What caused life expectancy to double, from 40 years to 

almost 80 years, over a century and a half? Given the long history of thousands of years of stable or 

even falling life expectancy, this is surely one of the most dramatic, rapid, and favorable changes 

in human history. Not only will almost all newborns live to be adults, but each young adult has 

more time to develop his or her skills, passions, and life, a huge increase in capabilities and in the 

potential for wellbeing. Yet, perhaps surprisingly, this greatest of benefits is still less than fully 

understood and was little researched until late in the twentieth century. 

  A good starting point is life expectancy, not at birth, but at age 15, sometimes called adult 

life expectancy; this is defined as the number of additional years a 15-year-old can expect to live, 

calculated in just the same way as life expectancy at birth, but starting, not from zero, but from 15. 

Figure 5 shows life expectancy at birth as in Figure 4 (though I have taken the opportunity to 

switch to the total population, including armed forces, so that the mortality in World War I makes 

the dip in 1918 even larger), as well as life expectancy at age 15. At 15, people could expect to live 

for another 45 years in 1850, compared with 57 years a century later in 1950. 
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  What is most notable about Figure 5 is that, until around 1900, adult life expectancy in 

Britain was actually higher than life expectancy at birth. In spite of having lived for 15 years, these 

teenagers could expect a longer future than when they were born. Because life as an infant or child 

was so dangerous, life expectancy shot up once you survived childhood. By the end of the 

twentieth century, the chances of dying in childhood have become very small—at least in the rich 

countries—so that the gap between adult life expectancy and life expectancy at birth has expanded, 

and it is now almost the full fifteen years that it would be if no one died before their fifteenth 

birthday. These patterns are similar in other countries for which we have data, although the date at 

which life expectancy at birth overtook adult life expectancy varies from country to country: up to 

ten years earlier in Scandinavia and ten to twenty years later in Belgium, France, and Italy. 

   

 

  FIGURE 5 Life expectancy at birth and at 15: England and Wales, total population. 

 

  Whatever caused the increase in life expectancy from 1850 to 1950 operated most 
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powerfully by lowering the chances that children died. Factors that reduced mortality for adults, or 

factors that worked for both adults and children, were also important, but less dramatic in their 

effect. 

  Decreased child mortality cannot have had much to do with medical treatments, such as 

new medicines or drugs such as antibiotics, sulfa drugs, or streptomycin for tuberculosis, in part 

because most of the decrease in mortality took place long before such treatments were available, 

and in part because the introduction of the drugs did not result in any sharp changes in mortality 

from the diseases that they treat. The founder of social medicine, the Englishman Thomas 

McKeown, drew a series of famous diagrams showing for a whole series of diseases that mortality 

rates were falling before the introduction of the effective treatment, and continued to fall at much 

the same rate after its introduction.
21

 McKeown, a physician himself, concluded that medicine was 

not very useful (he even argued that the higher the status of a doctor, the more useless he or she 

was likely to be)
22

 and concluded that the roots of health improvement lay in economic and social 

progress, particularly in better nutrition and living conditions. McKeown was the first in a long 

line of physicians who came to feel that their own professional efforts could do little to improve 

public health, and who turned to more general social ills, such as poverty and deprivation, which 

they saw as the fundamental causes of poor health. McKeown thought that gradual improvement in 

the material conditions of life, such as better food and better housing, were much more important 

than either health care or even public health measures. McKeown’s views, updated to modern 

circumstances, are still important today in debates between those who think that health is primarily 

determined by medical discoveries and medical treatment and those who look to the background 

social conditions of life. 

  Nutrition was clearly part of the story of early mortality decline. The population of Britain 

in the eighteenth and early nineteenth centuries consumed fewer calories than they needed for 

children to grow to their full potential, and for adults to maintain healthy bodily functioning and to 
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do productive and remunerative manual labor. People were very skinny and very short, perhaps as 

short as at any previous (or subsequent) time. Throughout history, people adapted to a lack of 

calories by not growing too big or too tall. Not only is stunting a consequence of not having 

enough to eat, especially in childhood, but smaller bodies require fewer calories for basic 

maintenance, and they make it possible to work with less food than would be needed by a bigger 

person. A six-foot-tall worker weighing 200 pounds would have survived about as well in the 

eighteenth century as a man on the moon without a spacesuit; on average there simply was not 

enough food to support a population of people of today’s physical dimensions. The small workers 

of the eighteenth century were effectively locked into a nutritional trap; they could not earn much 

because they were so physically weak, and they could not eat because, without work, they did not 

have the money to buy food. 

  With the beginnings of the agricultural revolution, the trap began to fall apart. Per capita 

incomes began to grow and, perhaps for the first time in history, there was the possibility of 

steadily improving nutrition. Better nutrition enabled people to grow bigger and stronger, which 

further enabled productivity to increase, setting up a positive synergy between improvements in 

incomes and improvements in health, each feeding off the other. When the bodies of children are 

deprived of the nutrients they need to grow, brain development is also unlikely to reach its full 

potential, so these larger, better-off people may also have been smarter, further adding to economic 

growth and speeding up the virtuous circle. Taller, bigger people lived longer, and 

better-nourished children were less likely to die and better able to ward off disease. This account 

has been developed over the years by the Nobel laureate economist Robert Fogel and his 

collaborators.
23

 

  There is no doubt that nutrition has improved and that people have become bigger, 

stronger, and healthier. But focusing entirely on food cannot provide a complete account of the 

decline in child mortality. Such an approach underplays the importance of the direct control of 
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disease, and it focuses too much on the unaided role of the market economy and too little on the 

collective and political efforts that were behind the control of disease. The economist and historian 

Richard Easterlin has argued convincingly that, when we try to match the onset of economic 

growth with the improvements in health, the timing is wrong.
24

 The improvements in child 

mortality across northwestern Europe were much too uniform to be explained by economic 

growth, which began at different times in different countries; we shall later see echoes of this in the 

twentieth century in the international synchronization of improvements in heart disease. And if 

food itself was so important, why did the British aristocrats, who had plenty of food, not do better 

than the ordinary people in the centuries before 1750? The demographer Massimo Livi-Bacci has 

documented similar cases in several European countries, including monasteries of well-fed monks, 

who ate rich and varied diets but died at the same rate as everyone else.
25

 Food may protect against 

some diseases, but it is far from a universal prophylaxis. It may perhaps protect better against 

bacterial than viral diseases, but it is not clear that even that idea is correct. 

  The major credit for the decrease in child mortality and the resultant increase in life 

expectancy must go to the control of disease through public health measures. At first, this took the 

form of improvements in sanitation and in water supplies. Eventually science caught up with 

practice and the germ theory of disease was understood and gradually implemented, through more 

focused, scientifically based measures. These included routine vaccination against a range of 

diseases and the adoption of good practices of personal and public health based on the germ 

theory. The improvement of public health required action by public authorities, which required 

political agitation and consent and could not have been accomplished through the market alone, 

although rising real incomes certainly made it easier to fund often costly sanitary projects. At the 

individual level, the reduction in diseases—particularly diarrheal, respiratory, and other infections 

among children—improved nutrition and helped to account for the increases in height, strength, 

and productivity. Food intake is important, but more important is net nutrition, the amount of 
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nutrition that is actually available to people after allowing for nutrition lost to disease, directly in 

the case of diarrhea, but also to fighting fevers and infections. The improvements in sanitation, 

followed by measures based on the germ theory of disease, were the major factors in improving 

life expectancy in northwestern Europe and in the British offshoot countries in the century after 

1850. They spread to southern and eastern Europe in the early twentieth century, and eventually, 

after World War II, to the rest of the world, a development I shall discuss in the next chapter.
26

 

  The Industrial Revolution in Britain brought millions of people from the countryside to 

new cities like Manchester, where there were new livelihoods in manufacturing but little or no 

provision for dealing with the health hazards posed by so many people living in close quarters. 

Rural living can be reasonably safe in the absence of formal arrangements for the disposal of 

human wastes, but the same is not true in the cities. Domestic animals, horses for transport, cows 

for milk, and pigs for garbage disposal and food often lived in close proximity to their owners in 

the new cities. There were also dangerous wastes from factories and “nuisance” processes like 

tanning and butchery, and drinking water was often contaminated by human and other wastes. 

There were more public latrines in Ancient Rome than in Manchester during the Industrial 

Revolution.
27

 When the same sources that provided drinking water were used to dispose of feces, 

the fecal-oral link that had been a problem since the Neolithic revolution was amplified to 

industrial strength. Life expectancy in the cities—as is still the case in some poor countries 

today—fell far below life expectancy in the countryside. Indeed, migration to the unhealthy cities 

helps explain why life expectancy of the general population was so slow to rise at the beginning of 

the nineteenth century, and why the general increase in life expectancy was postponed until after 

1850. Eventually, these stinking and dangerous cities, the “dark, satanic, mills,” provoked a public 

reaction beyond pronouncements about the sad moral state of the sufferers, and local authorities 

and public health officers began to provide public sanitation. 

  The sanitarian movement had no new science to guide its efforts. Indeed its theory of 
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disease, the “filth theory” or the “miasma theory”—that if it smelled bad it was bad for 

health—was wrong and was no different from what public health authorities had believed in Italy 

when (mostly unsuccessfully) fighting the Black Death in the fourteenth century. Yet there was 

sufficient truth to the theory to make it effective if rigorously pursued. People are indeed less likely 

to get sick if human wastes are safely disposed of and if the city water does not smell bad. But the 

theory led to too much emphasis on sanitation and not enough on water supplies, so that, at one 

point, the health authorities in London were emptying the stinking cesspools in basements into the 

Thames, thus recycling cholera into the water supply. A few years later, in London’s cholera 

epidemic of 1854, one of the two water companies supplying the city with drinking water from the 

Thames had its inlets downstream of the sewage discharges, recycling cholera bacteria from one 

generation of victims to the next. Indeed, the fact that the other major company had recently 

moved its inlet to purer water upriver enabled John Snow, then a physician in London, to map the 

cholera deaths and match them to the offending water company, and thus to demonstrate that 

cholera was spread through contaminated drinking water.
28

 This was one of the first “natural 

experiments” in public health, and it gets my vote as one of the most important of all time. Yet 

Snow recognized that the experiment was hardly decisive—for example, it might have been that 

one water company might have served only well-to-do patrons, who were protected for other 

reasons—and went to great pains to rule out other potential explanations for his results.
29

 

  Snow’s findings, together with the later work of Robert Koch in Germany and Louis 

Pasteur in France, helped establish the germ theory of disease, albeit with much resistance from 

holdout believers in miasma theory. One sticking point was why some people exposed to the 

disease did not become sick—a serious challenge to causality and understanding.
30

 Indeed, Koch, 

who had isolated Vibrio cholerae in 1883, proposed four “postulates,” all of which had to be 

satisfied if a microbe were to be safely identified as the cause of a disease. One was that, if the 

microorganism were introduced into a healthy person, the disease should follow. This gap in the 
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theory was spectacularly demonstrated in 1892 when a prominent disbeliever and miasmatist, Max 

von Pettenkofer, then aged 74, publicly drank a flask of cholera bacteria, specially sent by Koch 

from Egypt, and suffered only mild negative after-effects. Exactly why he should have escaped is 

unclear—it was not stomach acidity, which he had neutralized—but many disease agents work 

only under suitable conditions, and von Pettenkofer had a theory of this kind, that the 

microorganism must first be converted to a miasma by putrefying in soil. This theory was proved 

tragically wrong in the Hamburg cholera epidemic in 1892; the neighboring city of Altona, which 

like Hamburg drew its water from the Elbe, filtered its water while Hamburg did not, and it 

escaped the epidemic. The swallowing of the bacillus came after the Hamburg epidemic and was 

something of a last act of defiance; von Pettenkofer shot himself in 1901.
31

 

  The discovery, diffusion, and adoption of the germ theory were the keys to the 

improvement in child mortality in Britain and around the world. The story also illustrates a number 

of themes that we shall meet again. Here was something new that had great potential for improving 

the wellbeing of mankind, in this case by saving children who would otherwise have died. The 

basic knowledge—that germs cause disease and, in the case of cholera, that the bacteria were 

spread through contaminated water—was free and available to anyone in the world without 

charge. Yet that did not mean that the policy measures that followed from the theory were adopted 

immediately or even quickly. For one thing, and as we have seen, not everyone was convinced. 

And even when people were convinced, there were all sorts of barriers. The knowledge might have 

been free, but adopting it was not. Constructing safe water supplies is cheaper than constructing 

sewage plants, but it is still costly, and it requires engineering knowledge as well as monitoring to 

ensure that the water is indeed uncontaminated. Sewage needs to be disposed of in a way that it 

does not pollute the supply of drinking water. Monitoring of individuals and of businesses is often 

difficult and often resisted, and it requires state capacity and competent bureaucrats. Even in 

Britain and the United States, the fecal contamination of drinking water was an issue well into the 
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twentieth century. Turning the germ theory into safe water and sanitation takes time and requires 

both money and state capacity; these were not always available a century ago, and in many parts of 

the world they are not available today. 

  As always, there is the important matter of politics. The historian Simon Szreter describes 

how, in the cities of the Industrial Revolution, fresh water was widely available, but to factories as 

a source of power, not to the inhabitants of the cities to drink.
32

 As is so often the case, the benefits 

of the new ways of doing things were far from equally distributed. And the factory owners, who 

were also those who paid taxes, had no interest in spending their own money on clean water for 

their workers. Szreter documents how new political coalitions of working men and displaced 

landholders successfully agitated to install the infrastructure for clean water, an agitation that was 

effective only after the Reform Acts enfranchised working men. Once the political balance had 

changed, the factory owners climbed on board, and cities began to compete with one another in 

advertising their healthfulness. (Princeton University, where I teach, did likewise at the same time, 

claiming that its elevation—all of 140 feet above sea level—made it a healthier environment for 

young men than the malarial swamps nearby.) Whenever health depends on collective 

action—whether through public works, the provision of health care, or education—politics must 

play a role. In this case, the (partial) removal of one inequality—that working people were not 

allowed to vote—helped remove another inequality—that working people had no access to clean 

drinking water. 

  Diffusion of ideas and their practical implementation take time because they often require 

people to change the way they live. Almost everyone in the rich world is now taught in school 

about the importance of germs and about how to avoid them by washing hands, by disinfection, 

and by the proper handling of foods and of wastes. But what we take for granted was unknown at 

the end of the nineteenth century, and it took many years before public and private behaviors could 

change to take full advantage of the new understandings.
33

 The demographers Samuel Preston and 
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Michael Haines have described how, around the turn of the century, there were sharp differences in 

infant and child mortality rates between ethnic groups in New York City, so that, for example, 

Jews, whose religious observances were health-promoting, did much better than French 

Canadians, who had no such protection.
34

 But the children of physicians died at much the same 

rate as the children of the general population until the germ theory of disease was understood, after 

which physicians’ children were much less likely to die. In the United States, hotels did not change 

the bed linen from one guest to the next. At Ellis Island, physicians examined potential immigrants 

for trachoma (an infectious eye disease) using a buttonhook-like implement that was not sterilized 

between examinees; the immigration authorities were spreading trachoma, not halting it at the 

border.
35

 A more contemporary example comes from India, where the dai, a traditional birth 

attendant, is often brought in to help women deal with complicated pregnancies. One such woman 

was observed by an American obstetrician, who marveled at her manipulative skill at reorienting 

an unborn child, a skill that would have made her rich in the United States. Yet this highly skilled 

professional never washed her hands between attending one woman and the next.
36

 

  Scientific advances such as the germ theory are not single discoveries but clusters of 

related discoveries, and they usually depend on earlier advances. Germs cannot be seen without 

microscopes, and although Anthony van Leeuwenhoek had made microscopes and used them to 

see microorganisms in the seventeenth century, such microscopes provided highly distorted 

images. In the 1820s, Joseph Jackson Lister developed the achromatic microscope, which used a 

combination of lenses to remove the distortions or “chromatic aberrations” that made earlier 

microscopes close to useless. The germ theory itself led to the identification of a range of causative 

microorganisms, including the bacteria for anthrax, tuberculosis, and cholera in Koch’s 

laboratories in Germany. Koch was one of the founders of the then new field of microbiology, and 

his pupils went on to identify the microorganisms responsible for many diseases, including 

typhoid, diphtheria, tetanus, and bubonic plague. In the next wave of discovery, Louis Pasteur in 
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Paris demonstrated that microorganisms were responsible for the spoiling of milk and showed how 

to “pasteurize” milk to prevent it. Pasteur also showed how attenuated versions of infectious 

microorganisms could be used to develop a range of vaccines. (He also invented Marmite, a basic 

foodstuff without which life would be impossible for contemporary Britons; we shall meet it again 

in Chapter 6.) The germ theory also led Joseph Lister (son of Joseph Jackson Lister) to develop 

antiseptic methods in surgery which, together with the development of anesthetics, made modern 

surgery possible. The work of Snow, Koch, and Pasteur not only established the germ theory but 

also showed how to put it into practice for the public good. 

  Scientific advance—of which the germ theory is such a singular example—is one of the 

key forces leading to improvements in human wellbeing. Yet, as the gradual adoption of the germ 

theory demonstrates, new discoveries and new technologies are not enough without acceptance 

and social change. Nor should we think of scientific advances as appearing out of nowhere, like 

manna from heaven. The Industrial Revolution and the urbanization that accompanied it created 

the need for the scientific advance—people were dying of diseases that had not been a problem in 

rural England—but also the conditions under which it could be studied. The industrial-strength 

fecal-oral link that was forged by putting the effluent of one generation of cholera victims into the 

mouths and guts of the next provided an opportunity for someone to figure out what was going on. 

Of course, there is nothing inevitable about the process—the demand for cures does not always 

produce a supply of cures—but need, fear, and, in some circumstances, greed are great drivers of 

discovery and invention. Science develops according to the social and economic environments in 

which it exists, just as those environments themselves depend on science and knowledge. Even the 

microorganisms that play the central role in the germ theory do not exist in some pristine state 

waiting to be discovered. Their propagation, their evolution, and their virulence develop alongside 

the people that they infect. The conditions of the Industrial Revolution changed the conditions of 

life of millions of people, but they also changed the microorganisms that infected them, and the 
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way in which they infected them, as well as creating the conditions under which the germ theory 

could evolve. 

  


