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Tobacco’s Global Death March

Reimert Thorolf Ravenholt

The snow had begun in the gloaming,

And busily all the night

Had been heaping field and highway

With a silence deep and white.

--‑ James Russell Lowell

TO THE MOST FEARSOME PLAGUES DEVASTATING HUMANITY during this millenium ‑- the Black Death, smallpox, malaria, yellow fever, Asiatic cholera, and tuberculosis -‑ is now added the manmade plague: tobaccosis,* the fore​most scourge of the twentieth century.

But unlike those microparasitic plagues, whose victims presented char​acteristic manifestations of the disease within days or weeks of exposure, tobaccosis is an extraordinarily insidious disease entity of long latency re​sulting from exposure to tobacco during many years or decades and mani​fested by increased occurrence of any of a broad spectrum of cancers and degenerative diseases ordinarily associated with advanced age. Thus the powerfully malignant nature and magnitude of the tobaccosis pandemic went largely undetected during the first four centuries of its global march; and it is only now, late in the fifth century of post‑Columbian world tobacco experience, that the extent of tobacco's depredations is fully revealed.

         Truly, like a silent snowfall tobacco heaped death upon the United States and the world during the long "epidemiological night"; to the extent that by the mid‑twentieth century the Silent Plague, tobaccosis, had replaced the White Plague, tuberculosis, as the leading killer in the United States and in much of the developed world. From its leadership role in the production, marketing, and use of tobacco, the United States reaped the brunt of the tobaccosis pandemic. Hence this historical account will deal mainly with the US experience.

*. Tobaccosis is used here to denote, collectively, all those diseases resulting from the smoking, chewing, and snuffing of tobacco, and from the breathing of tobacco smoke ‑- including cancers of the mouth, nasopharynx, larynx, trachea, bronchi, lungs, esophagus, stomach, liver, pancreas, kidney, bladder. prostate, cervix, brain and leukemia; atherosclerosis of the cardiovascular system: coronary heart disease (with ischemia and infarction), cardiomyopathy, aortic and other aneurysms, cerebrovascular hemorrhages and blockages, renal failure, and peripheral vascular disease; emphysema and chronic obstructive pulmonary disease; peptic ulcer disease and regional ileitis; cirrhosis of the liver;  immunological deficiencies and failures of endocrine and metabolic functions; fetal deaths and perinatal disabilities; and more.

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Origin and peregrinations of tobacco

      Native to the Americas and extensively cultivated and smoked by the abo​rigines since time immemorial, the addictive weed, first perceived by Co​lumbus and his crew on the island of Cuba in November 1492, was during some years known as paetun and by other names before gaining its common name, tobacco, from the pipes in which it was smoked on the island of Santo Domingo (Tabor, 1843‑51: Vol. 30, p. 397).

Increasingly cultivated and used by Spaniards and blacks in the West Indies and by Portuguese and blacks in Brazil during the early decades of the sixteenth century, tobacco was successfully introduced into many European countries during the latter decades of that century. In 1559 tobacco seeds, obtained at Lisbon by Jean Nicot, the French ambassador, from a Dutch trader just returned from the "long voyage," were sent as a medicinal to Queen Catherine de Medici and the House of Lorraine, thereby initiating tobacco cultivation and use in France and gaining lasting fame for Nicomt. Originally, pharmacists alone were authorized to sell tobacco on medical prescription (Austin, 1978).

Tobacco was transported to England in 1565 by Sir John Hawkins, returning from a second voyage to Florida, but it did not gain immediate popular use. Two decades later, when Queen Elizabeth in 1584 granted Sir Walter Raleigh a patent entitling him to lands he might discover, he im​mediately provisioned a small fleet and his 
mariners soon discovered Virginia, so named upon their return. The following year Raleigh dispatched a second fleet to Virginia, where a colony was established on Roanoke Island. When Sir Francis Drake visited that ill‑fated colony in June 1586, Governor Ralph Lane and others returned to England with him, bringing back the tobacco and pipe‑smoking practices soon popularized by Sir Walter Raleigh and other members of Queen Elizabeth's court: 

"So that smoking gained in a little time, a fashionable and polite eclat . . . and Elizabeth herself was as familiar with a tobacco pipe as with her sceptre" (Tabor, 1843‑5 1: Vol. 3 1, p. 158). Thus was ushered in "a prosperous time in the history of tobacco; princes, nobles, knights, ladies, the wealthy and fashionable, all numbered themseIves among its devotees . . . and the conveniences of a gentleman were considered imperfect without a box of pipes and tobacco" (ibid.). 

By 1600 tobacco was widely used in all the maritime nations of Europe.

In the late 1500s, Portuguese traders carried tobacco to African ports and to India, the Spice Islands, Japan, Macao, China, and elsewhere in the Orient; Spanish traders in galleons from Central America carried tobacco to the Philippines; and other European merchants trading in the Levant took the herb with them throughout the East. The custom of smoking was intro​duced into Constantinople in 1610 and "was soon as much an article of sale at Turkish coffee houses as opium itself “ (Tabor, 1843‑5 1: Vol. 3 1, p. 475). By the end of the seventeenth century tobacco was widely used in virtually all trading nations of the world.

Medicinal tobacco fantasies

Among native Americans from Canada to Brazil, tobacco was widely smoked for its intoxicating effects, as a medicinal, and for ceremonial purposes. The spread of tobacco use from the New World gave rise to the first great drug controversy of global dimensions. From the onset, opinions regarding tobacco differed radically. Used by Indians as a remedy for aches and pains, snake bite, abdominal and chest pains, chills, fatigue, hunger, and thirst, tobacco was quickly extolled by European purveyors as having miraculous curative powers‑as versified by Casto Duranti in 1590 (translated by Tabor, 1843-​51: Vol. 31, p. 280):

This plant, now known by Santa Croce's name, Has for ophthalmias gained extensive fame, Wounds, whether of sword or spear, it cures, And to the King's evil quick relief ensures; . . . All pains have for this herb a sovereign dread, And at its nod leave belly, chest and head. . . . And for diseases of the lung and chest, Among all plants tobacco is the best!

The fantastical state of medical knowledge during those pre-scientific, blood‑letting centuries is indicated by a celebrated physician's fulsome de​scription in 1716 of tobacco's effects (Tabor, 1843‑51: Vol. 31, p. 281):

Tobacco resolves, cleanses, purges, vomits, stupefies the brain, resists poison and is a very great vulnerary. The external application of the leaves (moistened and beat with a little wine) to the head, easeth the megrim, and other pains thereof, to the joints, the pains of gout; to the hips, the sciatica; to the teeth, the toothache; to the skin, it remedies all its deformities and beautifies it; to the rib'd heels, it heals them; to the shins, the pains proceeding from the French Disease. Made into an ointment or balsam, it cures all manner of tumors, ulcers, old sores, fistulas, scabs, breakings out, itch, bitings, stingings of venomous beasts, punctures of the nerves and tendons, though made with poisoned weapons, happening in any part of the body from head to foot; it cures scalds, bums, piles, and gouts of all sorts; a decoction thereof does the same; so also the essence . . . taken in wine is emetic and cures agues and fits of the mother, at twice or thrice taking; being dropt in the ears, it helps deafness; bathed upon the regions of the bladder it breaks the stone, and easeth the pain thereof, bathed upon the sides it helps the rickets; . . .

"Black, stinking fumes" become Virginia's gold

But tobacco's "honeymoon" in Europe ended abruptly in England upon the death of Queen Elizabeth in 1603, when James I became sole monarch of the British Isles. His "Counterblaste to Tobacco," published anonymously in 1604 and considered quaintly extreme during intervening centuries, can now be appreciated to have been an intuitively prescient recognition of tobacco's evils:

“And now good countrey men let us (I pray you) consider, what honour or policie can move us to imitate the barbarous and beastly manners of the wild, godlesse, and slavish Indians, especially in so vile and stinking a coustome? A custome lothesome to the eye, hateful to the nose, harmfull to the braine, dangerous to the lungs, and in the black stinking fume thereof neerest resembling the horrible stigian smoke of the pit that is bottomless” (quoted in Austin, 1978: 6).

The following year James organized at Oxford the first public debate on the effects of tobacco, at which -‑ to prove his point -‑ he displayed black brains and black viscera allegedly obtained from bodies of smokers (Whelan, 1984:30). To discourage tobacco sales and use, James increased the tax thereupon forty-fold; but when use and smuggling increased, he reduced the tax in 1608 to one shilling per pound of tobacco and sold the monopoly right to collect it. With the establishment in 1607 of his namesake colony on the James River in Virginia and upon the initiative of John Rolfe, tobacco quickly became its principal crop and export: 1613 (first shipment), 1615 (2,300 pounds), 1618 (20,000 pounds), 1620 (40,000 pounds).

In 1610 according to Sir Francis Bacon, "The use of tobacco is growing greatly and conquers men with a secret pleasure, so that those who have become accustomed thereto can hardly be restrained therefrom" (quoted in Austin, 1978:2). An outbreak of plague in London in 1614 gave further impetus to smoking, for doctors declared that steady smokers were less subject to infection than others and recommended tobacco as a disinfectant. Seven thousand shops were then selling tobacco in London, with use spreading among the poor despite high prices. Tobacco imports had risen so greatly by 1615 that James revoked his 1608 monopoly grant and reassigned it at a higher price. In 1620 he ordered that all tobacco must bear the government seal; and in 1624 he decreed that only Virginia tobacco be imported.       

To the colony of Virginia, the herb was almost the potable gold of the alchemists. It was their solace and their coin. It ministered to their bodily gratification, furnished them em​ployment, paid their taxes, discharged their debts, and might be said to serve them spiritually and temporally.. . in the ports of Virginia alone, at Christmas 1648 [after the Long Parliament removed the restrictive regulations of Charles I] the great staple had brought 31 ships from various quarters for trade: seven from New England, ten from London, two from Bristol, and twelve from Holland (Tabor, 1843‑51: Vol. 37, p. 471).

Thus despite the high costs of tobacco -‑ not infrequently equaling its weight in silver, with poorer classes smoking mixtures of tobacco and other substances -‑ and discomforts attending the smoking, chewing, and snuffing of tobacco, and despite intense repressive actions of antipathetic sovereigns:​ King James I of England, King Christian IV of Denmark, Tsar Michael III Romanov of Russia, Sultan Murad IV of Turkey -‑ the addictive weed con​tinued its global march.

Snuffing cancer

         American Indians mainly smoked tobacco in pipes, but Columbus noted that some Indians sniffed tobacco dust through a tube, a practice that became known as snuffing. Thought to have medicinal value "to stop bleeding and clear the head," snuff was promoted by Dutch traders. While pipe smoking continued to be the most popular form of tobacco use among lower classes, among European upper classes during the 1700s it was largely supplanted by snuffing. in England, snuff was introduced by the courtiers who had been with Charles II in France; in Germany, snuff dealers and manufacturers came from France to Cologne; and Frederick the Great of Prussia spread the French fashion of wearing and giving away fine snuff boxes (Austin, 1978: 35).

Within a few decades the widespread practice of snuffing generated the first clinical reports of cancer caused by tobacco ‑ cancer of the nasal passages, as described by an English physician, Dr. John Hill, in 1761:

“(1) This unfortunate gentleman, after a long and immoderate use of snuff, perceived that he breathed with difficulty through one of his nostrils; the complaint gradually encreased' until he perceived a swelling within.. . it grew slowly, till in the end, it filled up the whole nostril, and swelled the nose so as to obstruct the breathing . . . he found it necessary to then apply for assistance. The swelling was quite black and it adhered by a broad base, so that it was impossible to attempt to the getting it away . . . and the consequences was the discharge of a thick sharp humor with dreadful pain, and all the frightful symptoms of cancer . . . and he seemed without hope when I last saw him.

“M(2) The person was a lady of a sober and virtuous life . . . she had long been accustomed to snuff and took it in a very great quantity . . . she felt a strange soreness in the upper part of her nostril . . . after a little time came on a discharge of a very offensive matter; not in any quantity but of an intolerable smell, and was more so to her, as she was naturally a person of great delicacy. The discharge encreased, and it soon became necessary for her to leave off snuff. A surgeon was employed, but to very little purpose” (quoted in Whelan, 1984: 35).

Other tobaccosis cancers
      Also in 1761, the great Italian anatomist, Giovanni Morgagni, described lung cancer at postmortem without attributing its cause. A few years later, in 1775, Percival Pott described a scrotal cancer epidemic among London chim​ney sweeps (Pott, 1775), thus documenting the carcinogenicity of chimney smoke -‑ which should have alerted many to the pathogenic implications of chronic exposure of respiratory tissues to tobacco smoke.

While smoking must have produced many thousands of deaths from lung cancer during the sixteenth through the nineteenth centuries, until the late nineteenth‑century scientific advances of pathology, bacteriology, and X‑ray, all such progressive chest diseases were lumped with the consumptive manifestations of tuberculosis. On the other hand, because of the often obvious relationships between snuffing and nasal cancer, pipe smoking and lip cancer, tobacco chewing and cancer of the mouth, cigar smoking/chewing and cancer of the mouth and larynx, there was a growing realization that such tobacco use did produce cancers of directly exposed human tissues.

Nineteenth century wars and tobaccosis

British soldiers returning from Wellington's campaigns against Napoleon on the Iberian Peninsula (1808‑14) introduced cigarette smoking to England, as described in The Lancet (p. 392) of 10 December 1825:

In Spain and Portugal, a thin paper manufactured from straw, and without size, is used for making segars, by rolling up some tobacco in the paper, until the whole is about the size of a pencil and the length of a finger. The tobacco itself cannot get into the stomach or lungs, as in the case of snuff-​taking, nor can the raw juice of the tobacco do it, as in the case of quid​-chewing; but the mouth, nasal passage and (I think) the lungs, gullet and stomach must be powerfully coated with smoke and whatever that contains. Turks are perpetually smoking; Spaniards and Portuguese use tobacco profusely; and since the army returned from the peninsula, the habit has become fashionable; the increased number of tobacco shops must be evident to every observor.

Likewise, veterans returning from the Crimean War (1853‑56) in​creased cigarette smoking in Britain‑a practice soon brought to the United States by returning tourists, with New York society ladies "aping the silly ways of some pseudo‑accomplished foreigners" (quoted in Austin, 1978: 36).

The American Civil War (1861‑65) increased all kinds of tobacco use, including cigarettes; but chewing tobacco -‑ an American concoction of to​bacco and molasses ‑- remained the leading form of tobacco use in the United States throughout the nineteenth century. In 1862, to help pay for the war effort, a federal excise tax was placed on cigars; in 1864 a tax was also placed on cigarettes, with tax increases assessed in 1865, 1866, and 1875.

Following the Civil War tobacco factories mushroomed; and by 1880, with a population of 50 million people, the United States consumed 1.3 billion cigarettes annually, 500 million made domestically and the rest im​ported. But with the development of the cigarette rolling machine (patented by James Bonsack of Virginia in 1881 and perfected in 1884 with the help of Washington Duke and Sons of North Carolina), cigarette production and use entered a new, unlimited phase: Duke's factory, which produced 9.8 million cigarettes in 1881, produced 744 million cigarettes in 1886. By 1890, Duke's American Tobacco Company produced 90 percent of American cig​arettes, leading to antitrust dismemberment in 1911.

Along with great increase in tobacco consumption during the nine​teenth century came increasing reports of tobaccosis, especially cancers of directly exposed tissues. While medical science remained generally nascent until the late nineteenth century, occasional sage clinical observations and deaths of prominent individuals from obvious effects of tobacco use gradually increased awareness of tobacco's pathogenicity.

In 1851, Sir James Paget saw a patient with leukoplakia ("smoker's patch") on the tongue where he always rested the end of his pipe, and "told him he certainly would have cancer of the tongue if he went on smoking" (quoted in Whelan, 1984:38). And The Lancet, in 1857, commented:

Tobacco . . . acts by causing consumption, haemoptysis and inflammatory condition of the mucous membrane of the larynx, trachea and branchae, ulceration of the larynx; short, irritable cough, hurried breathing. The circu​lating organs are affected by irritable heart circulation (Ibid.).

In 1859 Bouisson reported a remarkably thorough study of 68 cases of cancer of the oral cavity in a French hospital. Ascertaining the habits of 67 of these patients, he found that 66 smoked tobacco and the other chewed tobacco. Also, he noted that cancer of the lip ordinarily occurred at the spot where the pipe or cigar was held (Ibid.).

And in 1882, the Boston Medical and Surgical Journal (Anonymous, 1882) offered this prescient view of cigarette smoking:

The dangers, then, which are incident to cigarette smoking are, first, the early age at which it is taken up; second, the liability to excess; and, third, the bad custom of inhaling the smoke. These are dangers super‑added to those atten​dant upon the ordinary use of tobacco, and should be considered by all medical men

Occasionally, the death of prominent persons from obvious tobaccosis brought increased awareness of tobacco's pathogenicity -‑ as with General Ulysses S. Grant, who smoked and chewed cigars incessantly (Whelan, 1984). Following victory at Vicksburg in 1863, a grateful Union sent Grant 11,000 cigars, increasing his consumption to 25 daily. In 1884, when he felt a painful lump in the roof of his mouth that became more troublesome day by day, his physicians advised limiting his indulgence to three cigars daily; but Grant died the following year, a few days after completing his autobiography. His son, General F. D. Grant, also an inveterate cigar smoker, died similarly of cancer of the mouth in 1916. Likewise, Prussia lost a famed military leader and sovereign to tobaccosis when, in 1888 at age 56 and after just 99 days of rule, Kaiser Frederick III, anglophile husband of Queen Victoria's eldest daughter, died of cancer of the larynx. Had he instead lived to age 91, as did his father, European and world history might have been greatly different (Lin, 1985).

But despite such glaring examples of death from tobacco use, leading physicians of the late nineteenth century remained generally oblivious to the hazards of tobacco. In the monumentally detailed Medical and Surgical History of the War of the Rebellion, prepared, under the direction of Surgeon General of the Army Joseph K. Barnes, by J. J. Woodward and G. A. Otis, and published in six huge volumes from 1875 to 1888 under the authority of the US Congress, only two mentions of tobacco are found: that tobacco clyster may be used for treatment of zymotic disease and that abuse of tobacco may cause "irritable heart." Likewise, tobaccosis largely escaped the notice of John Shaw Billings, peerless master of world medical literature, founder of the Index Medicus and the National Library of Medicine, and sage author of voluminous analyses of late nineteenth century US mortality. And Sir William Osler in his classic 1892 text, The Principics and Practice of Medicine, devoted only three sentences in 1,000 pages to the effects of tobacco ‑‑ though he must have been treating tobaccosis daily at the Johns Hopkins Hospital. (Osler himself died from "chronic bronchitis" in 1919.)

With cigarette‑making machines enabling unlimited production of cig​arettes; and with portable "safety" matches (introduced at the turn of the century) enabling smokers to light‑up whenever and wherever they wished, the stage was set for vast increases in cigarette consumption. The remaining obstacle posed by intuitive and religious objections to the "black stinking fumes" was largely overcome with aggressive and innovative advertising led by the American Tobacco Company.

But action begets reaction; and as tobacco companies intensified pro​motional activities, a powerful anti‑tobacco movement, led by Lucy Page Gaston and the Women's Christian Temperance Movement, substantially curbed cigarette sales during the 1890s and early 1900s.

Tobacco in the twentieth century: US trends

         A comprehensive view of evolving tobacco production and use patterns in the United States during this century is presented in Table 1, which documents the progressive trend to cigarettes from cigars and "manufactured tobacco" (pipe tobacco, chewing tobacco, and snuff). Although annual production of manufactured tobacco increased from 301 million pounds in 1900 to a peak of 497 million pounds in 1918', since then it has decreased to 142 million pounds in 1988. During this century, annual cigar production has oscillated between 3 and 10 billion, with more cigars produced in 1900 (5.6 billion) than in 1988 (3.2 billion).
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Meanwhile, cigarette production and consumption increased more than 100‑fold‑with consumption increasing from 2.5 billion cigarettes in 1900 to a peak of 640 billion in 1981, then decreasing to 562.5 billion in 1988. On a per capita basis, cigarette consumption increased from 54 per adult in 1900 to a peak of 4,345 per adult in 1963; since then it has decreased to 3,096 cigarettes per adult in 1988.

Foremost determinants of national cigarette consumption can be in​ferred from trend changes in consumption per adult shown in Figure 1: with cigarette consumption doubling during World War I when cigarettes were included in soldiers' rations sent to France; a further doubling of cigarette consumption during the 1920s, propelled by innovative advertising cam​paigns, augmented by radio and cinema; decreased cigarette consumption during the early years of the economic depression of the 1930s; and increasing consumption during the late 1930s, in response to intensified advertising in magazines, on billboards, and on radio 
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("Lucky Strike Hit Parade") and to the incessant smoking of enormously popular film stars.

Again during World War II, when cigarettes were made freely available to many military and some civilian groups (including women), consumption almost doubled -‑ from 1,976 cigarettes per adult in 1940 to 3,449 in 1945. And after the war, cigarette consumption continued upward until 1950 when more powerful scientific findings showed smoking to be the principal cause of the rapidly increasing lung cancer epidemic (Wynder and Graham, 1950). Widespread publicity bringing this unpleasant fact to public attention caused a sharp decrease in consumption. But as a consequence of intensified, bla​tantly misleading advertising campaigns and the diversionary activities of the Tobacco Industry Research Committee and the Tobacco Institute, tobacco sales soon recovered even from that severe blow and intense wrangling over the validity of research findings on tobacco, lung cancer, and heart disease generated so much confusion that in 1962, Surgeon General Luther Terry established an Advisory Committee of Experts, whose landmark report, released on 11 January 1964, rendered an author​itative verdict: that "cigarette smoking is causally related to lung cancer in men; the magnitude of the effect of cigarette smoking far outweighs all other factors. The data for women, though less extensive, point in the same di​rection" (US Department of Health, Education, and Welfare, 1964: 31).
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Again the tobacco industry took vigorous defensive action through intensified advertising; but when, beginning in 1967, the Federal Commu​nications Commission applied a Fairness Doctrine requiring that advertising messages on radio and television be balanced by anti‑smoking messages, tobacco advertising was soon discontinued in the broadcast media.

Despite these setbacks for the tobacco industry, sales remained at near ​record levels during the 1970s until the appointment in 1977 of Joseph Califano, as Secretary of Health, Education, and Welfare. Califano applied the resources of his office to curb tobacco use with such effectiveness that in 1979 he was fired by President Jimmy Carter, acting on behest of his tobacco industry friends and supporters (Califano, 1981).

The decreasing consumption trend in evidence under Secretary Califano during the late 1970s has continued throughout the 1980s, largely because of increasing evidence of harm to persons from chronic exposure to smoke generated by others (Hirayama, 1983), strengthened anti‑tobacco activities by official and voluntary agencies at national, state, and local levels, the nonsmokers' rights movement, the forthright leadership of Surgeon General C. Everett Koop during the Reagan Administration, and steadily accumu​lating further evidence of extraordinarily high mortality caused by tobacco (Ravenholt, 1984 and 1985; US Department of Health and Human Services, 1989).

World tobacco trends

As stated above, by the end of the seventeenth century tobacco was available and used in various ways and to a varying extent throughout the world, especially in the more developed countries. In the less developed countries abject poverty protected many populations from intensive exposure to cig​arettes. But during recent decades, as anti‑tobacco movements have hobbled promotion and sales of tobacco in some of the more affluent countries and as income levels have risen in many less developed countries, the multi​national tobacco companies have intensified advertising and sales of cigarettes in the less developed world‑resulting in the global tobacco consumption pattern shown in Table 2 in terms of estimated per adult consumption of "manufactured" cigarettes.
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Leading countries in the production and consumption of tobacco are China, the United States, the Soviet Union, Japan, West Germany, the United Kingdom, India, and Brazil. According to the World Agriculture Service, US Department of Agriculture, world production of cigarettes in 1987 exceeded 5 trillion. Prolonged consumption at this level would raise the world tobac​cosis death toll substantially above the current level of about 3 million deaths annually. The estimated total world tobacco consumption in 1985 was ap​proximately 6 billion kilograms -‑ 1.9 billion kg in the industrial countries, 0.9 billion kg in the centrally planned economies, and 3.3 billion kg in the developing countries. In 1979‑81 land used throughout the world for growing tobacco totaled 4.3 million hectares, of which 72 percent was in the developing countries. Indeed, tobacco production, processing, promotion, and sales play an important role in the economies of many countries, with tobacco cultivation occupying land that otherwise might be devoted to food crops (World Health Organization, 1985). Clearly, the World Health Orga​nization is correct in emphasizing the task of protecting the developing world from the tobacco plague currently most prevalent in the United States and other developed countries. Although WHO does not yet devote commen​surate resources of personnel and finances to tobacco control, it has during the 1980s assumed leadership in informing the world about global tobacco production and consumption patterns and the huge resultant morbidity and mortality.
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Nature of the tobacco hazard

Addictive pleasures

     Despite the obvious fact that tobacco contains a substance (nicotine) yielding psychic pleasures not obtained by smoking other plant leaves, only during recent years has a strong scientific/societal consensus emerged that nicotine is truly addictive ‑ just as addictive as heroin or cocaine and much more addictive than alcohol (Pollin, 1982; Pollin and Ravenholt, 1984).

Nicotine occurs naturally in the tobacco plant, and inhaling tobacco smoke is the fastest and most efficient way of getting nicotine to the brain (within 30 seconds), where it acts through specialized cell formations. When these receptors signal the presence of nicotine, a wide range of physical reactions occur: heart rate and blood pressure rise, peripheral circulation slows, skin temperature drops, hormones affecting the central nervous system are released, and brain waves change. These many physiological effects pro​duce a "rush" that most smokers find pleasurable‑with habitual use leading to dependence and compulsive abuse, physiological and psychological dis​tress upon discontinuance, and a tendency to recidivism among former smok​ers (Pollin and Ravenholt, 1984).

Cigarette smoking is now the most serious and the most widespread form of addiction in the world. The proportion of adult males and females smoking cigarettes in the United States during the last half century is indicated in Table 3, which shows more than half of adult males smoking at mid​-century, the share decreasing to 33 percent in 1985 and to 29 percent in 1989. Likewise, smoking by adult females decreased during recent years, from 34 percent in 1965 to 28 percent in 1985 and to 27 percent in 1987.
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Lethal poisons

Burning tobacco generates smoke containing several thousand chemicals, including hydrogen cyanide, nitriles, aldehydes, ketones, nicotine, carbon monoxide, benzopyrenes, acrolein, phenols ‑‑ and the radioisotope polonium 210, an alpha particle emitter many times more mutagenic than equivalent RADs of gamma radiation (Radford and Hunt, 1964). Analysis of human tissues has demonstrated that the lungs, blood, and liver of smokers contain a much higher concentration of polonium 210 than those of nonsmokers. Based on the measured concentration of polonium 210 in epithelial samples, Little and Radford estimated the radiation dose to the lower lobe bifurcations of the lung to be up to 200 REM per 25 years (Little et al., 1965).

The combination of an addictive substance (nicotine) with polonium 210 and other potent mutagens; has made tobacco the foremost human poison of the twentieth century (US Department of Health, Education, and Welfare, 1979; Ravenholt, 1964, 1966, 1982, 1984, 1985; World Health Organization, 1985; US Department of Health and Human Services, 1989).

Pathogenic mechanisms

When tobacco smoke is inhaled deeply into the lungs, most of the tars contained in the smoke are captured and retained by the respiratory mucous blanket. Immediately soluble components are then promptly absorbed into the pulmonary circulation and conveyed by the systemic circulation through​out the body. Less soluble tars trapped by the mucous blanket are raised by ciliary action and coughing to the pharynx, then swallowed, and pass to the esophagus, stomach, small intestine, portal circulation, and liver. Hence, chronic inhalation of tobacco smoke exposes the entire body ‑‑ every tissue and cell -‑ to powerful mutagens and carcinogens, thus hastening the malig​nant cellular evolutionary process and resulting in accelerated occurrence of the broad spectrum of cancers and degenerative diseases constituting tobac​cosis and in greatly increased mortality from these diseases, as shown in Table 4 (Ravenholt, 1966, 1985).
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The mortality differences among smoking and nonsmoking US veterans (Dorn, 1959; Rogot and Murray, 1980) amply confirm the pioneering find​ings of Raymond Pearl (Pearl, 1938), which demonstrated greatly decreased longevity of smokers. The life‑shortening effects of smoking are so great that it now seems incredible that they were generally overlooked during four centuries. For persons beginning to smoke in adolescence and continuing to smoke a package of cigarettes daily, the average loss of life exceeds eight years [actually, the average loss of life for lifelong addiction to cigarettes is more than 20 years].
As described above, during the last half of the nineteenth and the first half of the twentieth century the role of tobacco in causing cancers of directly exposed tissues of the lips, mouth, nasopharynx, larynx, trachea, bronchi, and lungs became increasingly well known (Diehl, 1969). But the less obvious role of tobacco in causing cancers of many other tissues -‑ of the pancreas, liver, spleen, kidneys, urinary bladder, cervix, prostate, brain and bone marrow ‑‑ only became apparent during the second half of the twentieth century from the results of large prospective studies of smokers and nonsmokers (Doll and Hill, 1954; Hammond and Horn, 1958; Dorn, 1959; Hammond, 1964; Rogot and Murray, 1980; US Department of Health and Human Services, 1982, 1983, 1984, 1988, 1989).

Findings from National Mortality Follow‑Back Surveys (Godley and Kruegel, 1976) plus ongoing increases in tobacco cancers and decreases in non-tobacco cancers clearly indicate that the estimate by Doll and Peto (1980) -‑ that 30 percent of US cancer deaths were due to tobacco -‑ is too low and that the tobaccosis cancer toll is now approximately 40 percent of all US cancer deaths (Ravenholt, 1985).

   The surprising finding from prospective and pathologic studies -‑ that the majority of tobaccosis mortality is from diseases of the cardiovascular system – initially generated incredulity; and while it is still not well under​stood and fully believed by many, it deserves full credence and is central to understanding the nature and magnitude of tobaccosis. The fabric of evidence that cigarette smoking is a major cause of atherosclerosis is woven of the following evidential threads:

· The epidemic increase in coronary heart disease in the United Sates during this century followed the great rise in cigarette smoking induced by World War I, and occurred particularly among those age‑sex subgroups most exposed (Hammond and Horn, 1958; Hammond, 1964; US Department of Health and Human Ser​vices, 1983).

· Individual studies document a close relationship between heavy cigarette smoking and early coronary disease (Plenge, 1930).

· There is a plausible pathogenic mechanism by which tobacco smoke could damage vascular tissue: The epidemic increase in coronary heart disease in the United States during this century followed the rise in inhalation/absorption of tobacco smoke, resulting in the circulation of polonium 210 and other toxins, with injury to endothelial and medial cells, causing cellular damage, clonal proliferation, intramural hemorrhage, lipid deposition, fibrosis, and calcification. Though often over​looked, ionizing radiation is a powerful cause of atherosclerosis and pre​mature death from cardiovascular disease (Wolback, 1909; Warren, 1942; Auerbach, Hammond, and Garfinkle, 1965; US Department of Health, Ed​ucation, and Welfare, 1979; Ravenholt, 1982; US Department of Health and Human Services, 1983).

· Prospective studies of heavy smokers, matched with nonsmokers for numerous confounding variables, have consistently shown the relative risk of death from atherosclerosis to be much higher for smokers and directly related to the number of cigarettes smoked (Doll and Hill, 1954; Hammond and Horn, 1958; Hammond, 1964; US Dept. of Health and Human Services, 1983).

· Members of certain religious groups that eschew the use of tobacco, such as Seventh‑Day Adventists and Latter‑Day Saints, have markedly lower morbidity and mortality rates from atherosclerotic disease (Enstrom and Godley, 1980).

· Quitting smoking is ordinarily followed by a reduced incidence of coronary heart disease, among specific groups and for the entire population (Hammond, 1964; Enstrom, 1983; US Department of Health and Human Services, 1983).

· Experimental studies in animals have demonstrated that tobacco constituents are potent causes of atherosclerotic disease (Stewart and Fajardo, 1971).

Indeed, the evidence is clear, consistent, and compelling: tobacco smoke is a major cause of atherosclerotic disease and death.

 Epidemic curves

Temporal relationships between twentieth century trends in cigarette smok​ing and mortality from coronary heart disease, lung cancer, emphysema/ chronic obstructive pulmonary disease (COPD), and cerebrovascular disease are presented in Figure 2. 
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The figure shows the massive epidemic of coronary heart disease beginning in the 1920s -‑ a few years after the World War I doubling of per capita cigarette smoking; followed by epidemic lung cancer mortality beginning in the 1930s (Ravenholt and Foege, 1963) -‑ 20 "pack years" or 150,000 cigarettes after World War I; followed by epidemic em​physema/COPD beginning in the 1940s -‑ the third decade after the explosive increase in cigarette smoking during World War I.

Heartening trends are evident during the 1970s and 1980s when, along with the decrease in per capita cigarette consumption and the even larger decrease in the tar and nicotine content of American cigarettes smoked, a large and progressive decrease occurred in mortality rates from coronary heart disease and from cerebrovascular disease -‑  suggesting that inhalation of cigarette smoke was the major cause of the twentieth century pandemic of atherosclerotic cardiovascular mortality. (See Figure 2, which reproduces, on logarithmic scale, the cigarette consumption trendline shown in Figure 1, along with an estimate of cigarette consumption adjusted for equivalent tar and nicotine content after the mid‑1960s.)

Thus, each of the diseases strongly affected by tobaccosis has a dis​tinctive epidemic curve, influenced by the time and age at which tobacco use began, the nature and quantity of tobacco used, the extent of inhalation, as well as the vagaries and fashions of medical diagnosis, cause‑of‑death certification (Pollin and Ravenholt, 1984), and coding and analysis of death statistics (Ravenholt, 1962). While users of tobacco bear the brunt of the tobaccosis pandemic, offspring of women who smoke during pregnancy are often seriously handicapped ‑‑ even if they survive gestation (Ravenholt et al., 1966; Coleman, Piotrow, and Rinehart, 1979); and household and work associates of cigarette smokers suffer appreciably greater attack rates of cancer (Hirayama, 1983), cardiovascular diseases, and other forms of tobaccosis.

Magnitude of the hazard

    Although some astute observers during the 1920s, 1930s, and 1940s attrib​uted lung cancer to smoking (Ochsner, 1941; Diehl, 1969), there was little general awareness of this relationship until publication of case‑‑control studies in 1950 showing a large majority (90 percent or more) of lung cancer patients to have been smokers (Wynder and Graham, 1950). The association of smoking with cancer of the lung was so obvious, consistent, and under​standable that many scientists were readily convinced that smoking was the main cause of that disease. But when a number of prominent statisticians criticized these investigations because of possible biases inherent in retro​spective studies (Fisher, 1957; Berkson, 1959), massive prospective studies of morbidity and mortality differentials among smokers and nonsmokers were launched by the British Medical Association (Doll and Hill, 1954), the American Cancer Society (Hammond and Horn, 1958), and the American Veterans Administration (Dorn, 1959; Rogot and Murray, 1980). These stud​ies opened Pandora's Box ‑‑ showing smokers dying not only from cancers of directly exposed tissues of the mouth, larynx, and lungs but also dying at a greatly accelerated rate from a body‑wide spectrum of diseases, especially cardiovascular diseases (see Table 4) -‑ thus confirming the findings of Pearl in 1938 that smoking exerted a profound life‑shortening effect.

Furthermore, using a matched‑pair analysis of American Cancer Society prospective data by Hammond in 1964, I constructed an index of lung cancer mortality to total tobaccosis mortality and thereby estimated a quarter million US tobaccosis deaths in 1962 -‑ a number equal to the sum of all deaths from all accidents, infection, suicide, homicide, and alcohol (Ravenholt, 1964). In 1967, for the first World Conference on Smoking and Health, I updated this aggregate estimate to 300,000 tobaccosis deaths. These estimates were ac​cepted and used by US Surgeons General Luther Terry and William Stewart, and by others (Diehl, 1969).

Then during two ensuing decades, in the absence of new prospective studies, US public health authorities occasionally spoke of 300,000 to 350,000 tobacco deaths annually, while US lung cancer deaths alone more than doubled from 48,483 in 1965 to 122,556 in 1985 (National Center for Health Statistics, 1950‑‑86).

In 1984, seeking an updated and more realistic estimate of US tobaccosis mortality during the 1980s, this author, with the help of a Multi‑Agency Working Group at the National Institute on Drug Abuse, applied propor​tionate analytic 
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methods to 1980 mortality data and estimated 485,000 to​baccosis deaths that year from cigarette smoking (see Table 5) and more than 500,000 tobaccosis deaths from all forms of tobacco use (Ravenholt, 1984 and 1985).
This estimate was accepted and used by the American Council on Science and Health, the World Health Organization, and many other or​ganizations concerned with 
public health (World Health Organization, 1985), but not by the US Office on Smoking and Health (OSH), which at that time had not yet made and published an aggregate (holistic) estimate of tobacco mortality. Nevertheless, in 1984, OSH Director J. Luoto wrote that my es​timate of 485,000 annual deaths from cigarettes was "simply too high" and it would receive little credence either in the cigarette business or in the health community" (Luoto, 1984). In fact, no estimate of tobacco mortality has ever proved acceptable to the tobacco industry.

In 1987 the OSH finally made an estimate of tobacco mortality for 1984 (315,120), purported to be a "conservative" aggregate estimate despite stated omissions of tobacco deaths from cigarette fires and other accidents, deaths from passive smoking, regional ileitis, peripheral vascular disease, and many miscellaneous and ill‑defined categories (Office on Smoking and Health, 1987). Also, OSH applied its "relative risk" figures not to the average proportion of US adults smoking during recent decades (39 percent; see Table 3) but to the lesser proportion smoking during 1985 (30 percent), thereby further reducing its "conservative" estimate of tobacco mortality.

Likewise in 1988‑89, using fresh relative risk data from the American Cancer Society‑Cancer Prevention Survey 11 (ACS‑CPS IJ), OSH published a "conservative" US tobacco mortality estimate of 390,000 deaths in 1985 (US Department of Health and Human Services, 1989). Again OSH omitted many risk and disease categories affected by tobaccosis and applied the relative risks to the much‑reduced proportion of adults smoking in 1985 rather than to the average proportion smoking during recent decades, thus yielding the estimate of 390,000 rather than the more complete estimate of at least 500,000 tobacco deaths.

The OSH application of the relative risks for smokers to only the lesser percentages smoking in 1985, rather than to 40‑year average smoking levels, disregards the fact that tobaccosis mortality is mainly a function of lifetime smoking experience, not just smoking during one recent year. In 1985, 99 percent of deaths attributable to smoking occurred among people who started smoking before the 1964 Surgeon General's Report (Ibid.:22). if the relative risks derived from ACS‑CPS II were applied to the average proportion of US adults smoking during 40 years (39 percent) instead of to the recent single‑year level of 30 percent, then the OSH estimate would have been very similar to my estimate of at least 500,000 tobacco deaths annually in the 1980s.

Suffice it to say that the annual US tobaccosis death toll – whether the OSH "conservative" estimate of 390,000 or my more complete estimate of 500,000 deaths -‑ is far greater than mortality from any other preventable cause of death in our time. It is more than 20 times greater than current US mortality from the acquired immunodeficiency syndrome (AIDS), which emerged during the 1980s as a newly recognized and formidable disease entity and which is already receiving much greater financial and public health attention than tobaccosis. This juggernaut among all addictive killers in the United States has caused approximately 5 million deaths in the 1980s, com​pared with one million deaths from alcohol, 350,000 from other addictive substances, and 76,000 from AIDS (see Figure 3).
Worldwide, both the actual mortality from tobaccosis and the scientific and official recognition of that mortality are rapidly increasing, responsive to large increases in global cigarette consumption since World War II and improved epidemiology. WHO estimates current global lung cancer mortality to be approximately 600,000 annually, and projects a rise to 2 million an​nually a decade hence (World Health Organization, 1985). Thus, using lung cancer mortality as an index of total tobaccosis mortality (Ravenholt, 1964), 1 estimate the current annual global tobaccosis death toll to be at least 3 million and rising rapidly.
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Conclusion

    Only recently, during the fifth century of post‑Columbian tobacco experience, has medical and epidemiological science advanced sufficiently that the ex​traordinarily diffuse nature and great magnitude of tobaccosis is fully evident.

In the United States during this century alone, the smoking of 26 trillion cigarettes and 556 billion cigars and the consumption of 25 billion pounds of "manufactured tobacco" (pipe tobacco, chewing tobacco, and snuff) have produced more than 2.7 million deaths from lung cancer; more than 7 million deaths from cardiovascular disease; and more than 14 million deaths from all forms of tobaccosis.

During the 1980s, the US tobaccosis death toll has remained roughly 500,000 annually -‑ 5 million this decade. And even if all tobacco use ceased immediately, many millions more would still die of tobaccosis during the coming decades.

In this world ‑ now smoking some 5 trillion cigarettes annually and consuming many millions of tons of tobacco as cigars, bidis, chewing tobacco, snuff, and in pipes and hookas – the annual tobaccosis death toll in the late 1980s is probably at least 3 million and in this century (through 1989) more than 50 million. If present trends continue, by the year 2000 the world tobaccosis death toll for this century will mount close to 100 million -‑ a number roughly equal to the global death toll from all international warfare this century. Truly, considered as a global entity -‑ with its extraordinarily diffuse and subtle nature and lifetime latencies -‑ tobaccosis poses the ultimate challenge to epidemiology and to world public health and political leadership.
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[image: image12.png]FIGURE 1 Number of cigarettes consumed anmually per adult (age 18
and older): United States, 1900-88
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