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For almost a century, epidemiologists have stratified age-specific disease rates by year of birth to better under-
stand the distribution of a disease in a population and its evolution across time. In the present article, | review the
contributions of John Brownlee, Kristian Feyer Andvord, and Wade Hampton Frost and, to accentuate the similar-
ities of their approaches, redraw their original graphs of age-specific death rates of tuberculosis organized either by
year of death or year of birth. In addition, this article reports on an apparently universally forgotten publication in the
American Journal of Hygiene published in 1929, which both upsets the conventional history of the earliest reports of
disease rates stratified by birth cohorts and challenges the theory that Frost discovered cohort analysis indepen-

dently and gave it its name.

cohort analysis; tuberculosis; typhoid; vital statistics

Age-specific incidence or mortality rates may tell a differ-
ent story if organized by year of birth or by year of death. This
seems trivial, right? The notions of age, period, and cohort
effects have been in textbooks of epidemiology for at least
50 years (1). However, if we move back another 50 years,
say to 1910, there are no obvious traces of these concepts.
What happened between 1910 and 1960? Who first analyzed
the age distribution of a disease, contrasting the rate trends
when organized by year of death or by year of birth? Who
introduced the word “cohort” into the field of epidemiology
to characterize a group of people born during a defined period
and followed across time?

In the present article, I first review the existing literature to
answer these questions. To accentuate the similarities and dif-
ferences across the reviewed material, which were published
in different languages, the original graphs for year-of-death
and year-of-birth analyses have been redrawn and translated
and their axes have been consistently labeled.

Conventional knowledge indicates that the idea of looking
at mortality data longitudinally rather than cross-sectionally
goes back at least to John Brownlee (1868—-1927), who in
1916 reported trends in mortality from “phthisis,” an old
term which had then become synonymous to pulmonary tu-
berculosis (2, 3). Brownlee, a doctor of medicine and the Di-
rector of the Department of Statistics of the Medical Research
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Council in the United Kingdom since 1914 (4), noticed that
the age distribution of phthisis mortality varied across local-
ities (e.g., London, Surrey, Lancashire, Yorkshire) and could
be categorized into 3 types, which he called “pure,” “young
age,” and “old age.” The pure type was symmetrical around a
maximum death rate occurring in the “middle age” (47 years
of age). The young age type had a peak death rate between the
ages of 20 and 30 years, and in the old age type, the peak oc-
curred at a much older age (e.g., 65 years). Brownlee’s idea
was that a different mix of these 3 types explained the geo-
graphic variation in the age distributions of mortality rates
from phthisis. However, the mix could have potential pitfalls.
For example, comparing the age distributions of mortality
rates for different years of death, as in Figure 1A, suggested
a decline in the amount of the young adult type and a contin-
ual shift of the peak age toward older ages. “The common ex-
planation given,” Brownlee noted, “has been that as phthisis
became less prevalent, due to whatever cause, individuals
have been becoming more immune and consequently devel-
oping the disease at higher ages” (2, p. 138). The flaw in this
explanation became obvious when death rates were plotted so
that a “same generation of persons [was] followed out” (2,
p. 138), that is, death rates from phthisis were shown by year
of birth for people born in the same 5-year period (e.g., 1811—
1820, 1821-1830) as they aged until 1910 (Figure 1B). For
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Figure 1. Age-specific rates of death from phthisis (no unit given), London, United Kingdom. A) Rates for 6 decades of years of death in men,

England, 1851-1910. B) Rates for 8 generations, by year of birth; the dotted line connects the maximum death rates across generations. Adapted

from Brownlee (2).

Brownlee, this “generation analysis” showed that “instead
of the age of maximum susceptibility becoming later in
life, it moved backwards into the earlier years for the first
two-thirds of the period under observation” (2, p. 138), as in-
dicated by the line he drew connecting the maxima of each
of the generation curves (Figure 1B). Brownlee never men-
tioned the actual rates and their units in his article, but
between 1851 and 1910, the average rates of death from
phthisis in England and Wales declined from approximately
2.5 to 1 per 1,000 persons per year.

After Brownlee, literature clues indicate that the idea of
generation analysis was restated and reapplied to tuberculosis
mortality rates in 1930 by Kristian Feyer Andvord (1855—
1934), a long-time scholar of tuberculosis (5), in an article
that appeared in Norwegian and German (6) and was trans-
lated into English only 72 years later (7). As shown in Fig-
ure 2A, in 1895 Andvord continued to strictly interpret the
occurrence of tuberculosis on the basis of the cross-sectional
age distribution of tuberculosis mortality. In the Norwegian
Journal of Medicine, Andvord stressed the “remarkable and
striking consistency” of the death rates from 8 northern Euro-
pean cities circa 1890: “They all have an absolute maximum
during the second half of the first year of life, an absolute
minimum between 10 and 15 years, and a second maximum
between 30 and 60 years, the latter being in general in fixed
relation with the first” (8, pp. 94-95; translation by A.M.).
Andvord did not mention then that these observations
could be confounded by birth cohort effects. However, in

1930, Andvord submitted a paper in German in which he pro-
duced curves of tuberculosis mortality up to age 34 years for 6
“generations” born between 1896 and 1927 (Figure 2B) (6).
Andvord explained that mortality rates for tuberculosis, though
declining in European countries, had very regular, wave-like
patterns across these generations. Mortality rates during early
childhood appeared to predict mortality rates among adults
20-25 years later. His consequentialist conclusion was that
reducing the mortality rate among young children would
lower the whole mortality curve for that generation.

After Brownlee and Andvord, one would then—to answer
my question—attribute to Wade Hampton Frost (1880—
1938) the first use in epidemiology of the term “cohort” for
the groups previously called “generations” by Brownlee and
Andvord. In a posthumous publication of a draft (9) that was
discussed in a previous article (10), Frost, the first American
professor of epidemiology, came to the same conclusion that
Brownlee had reached 20 years earlier: In the year-of-death
graphs (Figure 3A), older age groups were shown to have
higher tuberculosis mortality rates because, as revealed by
birth cohort analysis (Figure 3B), they were survivors from
a time when mortality rates were still high.

A thorough list of pre-textbook pioneers would mention
the application of cohort analysis to lung cancer by Remmelt
Korteweg (1884—1961) (11). It would also highlight Morton
L. Levin (1904-1995), who in 1953, under the New York
State Department of Health in Albany, New York, used a
graph to carefully explain the difference between “cohortal”
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Figure 2. Age-specific death rates from tuberculosis (per 10,000 persons), Norway. A) Rates for 8 Northern European cities, circa 1890. Adapted
from Andvord (8). B) Rates for 6 generations, by year of birth between 1896 and 1927, with the dotted lines showing predicted rates. Adapted from

Andvord (6).
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Figure 3. Age-specific death rates (per 100,000 persons) from all forms of tuberculosis in men in Massachusetts. A) Rates for men who died in

1880, 1910, and 1930. B) Rates for 5 successive 10-year cohorts with years of birth between 1870 and 1910. Adapted from Frost (9).
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Figure 4. Age-specific death rates (per 100,000 persons) from typhoid fever in Massachusetts, 1849-1923. A) Rates for 8 decades of years of
death. B) Rates for 13 cohorts by decades of years of death between 1789 and 1923. Adapted from Bigelow and Doering (13).

effects and age effects and their relation to annual age-
specific rates (12).

The problem is that this conventional history of the epide-
miologic use of cohort analysis for studying specific diseases
is incomplete. In the present article, I add a new, seemingly
forgotten piece to this puzzling history: the paper entitled
“Typhoid fever in Massachusetts” published by George
Hoyt Bigelow (1890—ca. 1934; see Appendix 1 for details)
and Carl Rupp Doering (1928-1976) in a 1929 issue of
American Journal of Hygiene (13).

TYPHOID FEVER IN MASSACHUSETTS

Typhoid fever is a life-threatening gastrointestinal infec-
tion caused by the bacterium Salmonella typhi. In addition
to its many nonspecific symptoms, it can cause a sustained
high fever that can prostrate the patients; hence, the name
of the disease was derived from the Greek t0¢oc, meaning
stupor. Typhoid was the common fever of the 19th century
(14). Until the mid-19th century, the occasional rash of flat,
rosy spots of typhoid fever was not distinguished from the
red spots of typhus; thus, rates of typhoid fever and typhus,
although caused by different bacteria, could be conflated in
vital statistics. In 1829 in Paris, France, Pierre Louis (1787—
1872) demonstrated that they were distinct diseases (15), and

30 years later in Bristol, United Kingdom, his pupil William
Budd (1811-1880) argued that typhoid fever was contagious
(16, 17). In places like Hamburg, Germany (18) or London,
United Kingdom (14), typhoid fever may have reached the
peak of its historical evolution in the middle of the 19th cen-
tury, fostered by urbanism, poverty, and a lack of hygiene,
and then declined for many reasons, including cleaner drink-
ing water, better nutrition, and improved sanitary conditions.

Bigelow and Doering’s 1929 paper speaks directly to the
historical decline of typhoid fever in Massachusetts. They
had data starting from 1849, that is, approximately 10 years
before it was revealed that water and food were the main
modes of contamination and 40 years before the bacterium
was isolated (13). Although the decline accelerated after
1910, the trends in annual age-specific mortality rates from
typhoid fever were intriguing. In the 19th century, the rate
of death from typhoid fever increased in older persons, but
in the 20th century, this was no longer the case (Figure 4A).
Considering that the tapering exposure to the bacteria across
the century reflected in the curve shift, why would the elderly
of earlier times be more susceptible to dying from typhoid
fever than the elderly of more recent times? Using the term
“cohort” and stratifying by year of birth, Bigelow and Doer-
ing showed that mortality rates did not increase with age but
rather decreased in older ages, at least for cohorts born since
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1818 (Figure 4B). They speculated that mortality rates in the
older cohorts had begun to decline with age when typhoid
fever had become so prevalent that it conferred some form
of immunity to those who had survived it during earlier in
their lives. The situation was different in the 1920s: Rates de-
clined because typhoid control lowered exposure overall.
There was therefore the potential threat that reduced immunity
in the younger generations caused by lack of exposure could
mean greater risk in the event of another major outbreak.

A TALE OF HARVARD AND HOPKINS

Bigelow and Doering were 2 well-trained and prominent
scientists. Bigelow trained at Harvard; Doering trained at
Johns Hopkins University. Their collaboration dates from a
time when both held positions in Massachusetts.

Bigelow (Figure 5), who was born in Framingham, Massa-
chusetts, in 1890, went to Harvard University to obtain his 3

Figure 5. George Hoyt Bigelow at 44 years of age. “The description
of the doctor sent out by State Police states that he is six feet tall,
weighs approximately 175 pounds, has deep blue eyes, a heavy
shock of hair, slightly gray at the temples. He is of rangy build” (42).
According to Jay R. Nash, “the photo of George H. Bigelow was
taken sometime in October or November 1934; he disappeared the
following December” (Jay R. Nash, personal communication, 2014).
Courtesy of the Jay Robert Nash Collection.
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degrees: bachelor of the arts (1914), doctor of medicine, cum
laude (1916), and doctor in public health (1921). He was
Director of Industrial Medicine and Hygiene at Antioch Col-
lege in Yellow Springs, Ohio, and of the Clinic at Cornell
Medical College in New York before becoming the third
Health Commissioner of the Commonwealth of Massachu-
setts in 1925 (19). Bigelow was a lecturer at the Harvard
School of Public Health and had been directly involved in
the Massachusetts Cancer Survey with Herbert L. Lombard
(1889—-1979) (20). In 1933, he stepped down as Health Com-
missioner to become the Director of the Massachusetts Gen-
eral Hospital, when suddenly, on Monday December 3, 1934,
he disappeared (21, 22) (Appendix 1).

Doering, a Philadelphian, first studied music, graduating in
1914 from the Royal Conservatory of Leipzig, Germany (Ap-
pendix 2). In 1921, he received doctor of medicine degree
from Baylor Medical College in Dallas, Texas, and a certifi-
cate in public health from the Johns Hopkins School of Hy-
giene and Public Health in Baltimore, Maryland. In 1924, he
received a doctor of science in hygiene (statistics) degree
from Hopkins. Raymond Pearl (1879-1940) was the advisor
for his dissertation entitled, “Some Data on the Mortality in
Tuberculous Stock From Causes Other Than Tuberculosis”
(23). From 1924 to 1950, Doering was with the Department
of Vital Statistics (later Department of Biostatistics) at the
Harvard School of Public Health, where he co-authored
one of the first cancer case-control studies with Lombard
(24), was an instructor of vital statistics, and eventually be-
came an assistant professor. In 1950, Doering moved to the
University of Oklahoma (Norman, Oklahoma) to be a profes-
sor of biostatistics (1950-1955) and then a professor of pre-
ventive medicine and public health (1955-1962). His picture
(Figure 6) is from this later period.

History upset

The discovery of Bigelow and Doering’s paper upsets the
current knowledge about the genealogy of cohort analysis in
epidemiology. Published in 1929, it ranks second among re-
ports of birth cohort stratification, dethroning the precedence
of Andvord. It ranks first for the use of the term cohort, oc-
curring before the 1939 posthumous publication of a lecture
Frost had given in 1936.

Besides Frost’s citation of the Norwegian version of
Andvord’s 1930 article (9), there is no evidence that these
scientists were familiar with each other’s work. However,
Bigelow and Doering’s paper also challenges the theory of
independent discoveries (25): A 1929 publication in the
American Journal of Hygiene could hardly have escaped
the notice of Frost, who was a member of the Board of Edi-
tors, was the expert in water quality for the Public Health
Service, and had extensively published on typhoid fever.
Moreover, the style and terminology of Bigelow and Doer-
ing’s graphical representation of the typhoid fever rates are
superimposable to those used by Frost for tuberculosis.

It would be tempting to consider Bigelow and Doering’s
paper as the missing piece that completes the epidemiologic
side of the history of cohort analysis had they not used the
term cohort as if it were common terminology. They did
not even feel constrained to provide a reference to which
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Figure 6. Carl R. Doering. The picture was taken between 1950 and
1956 in Katonah, New York. Courtesy of Christian and Peter Doering
and Margaretta Volk.

the technique could be traced. This all suggests that Bigelow
and Doering were familiar with a still unearthed piece (or
pieces) of the puzzle. The question is with which piece(s)
they were familiar. Backtracking from 1929 to the fifth edi-
tion of Milton Rosenau’s textbook Preventive Medicine and
Hygiene, published in 1927 (26), we see that neither the
chapter on vital statistics nor Doering’s chapter dedicated
to statistical methods mention cohort analysis.

The Editor of the Acta—Unio Internationalis Contra Can-
crum (Proceedings—International Union Against Cancer,
which later became the International Journal Against Can-
cer) suggested in 1953 (see the note in the article by Levin
(12)) that Korteweg had produced a cohort analysis in
1927. In that paper in which autopsy findings from Amster-
dam, the Netherlands, Dresden, Germany, and Edinburgh,
Scotland were compared, Korteweg discussed the reasons
for which enteric tuberculosis at autopsy was more common
in younger people, whereas tuberculous lesions in general
were more common in older people. Why would the enteric
lesions disappear with age for a disease that was apparently
less lethal than respiratory tuberculosis? A more reasonable

explanation was that rates of exposure to bovine tuberculosis
had increased. Considering the calendar time corresponding
to age 10 years for adults of different ages who were autop-
sied in 1925 (i.e., 1900 for people aged 19-30 years, 1890 for
people aged 31-40 years, and so on until 1850 for people
aged 6680 years), he graphed the crossing trends of a dra-
matic increase over time in the rate of enteric tuberculosis
among people 10 years of age and of rapidly declining
death rates from pulmonary tuberculosis (27). His hypothesis
was that respiratory transmission of human tuberculosis was
giving way to milk transmission of—according to Korteweg,
less dangerous—bovine tuberculosis. Korteweg may not
claim antecedence for the analysis of cohort effects, but he
might be able to for the demonstration of a period effect for
a specific disease.

Here my expertise reaches its limits for 2 main reasons.
The first is that some paths connect the study of specific dis-
eases reviewed in this article to the longitudinal analysis of
overall death rates by statisticians and demographers in the
1920s and 1930s (28, 29). Other paths lead beyond epidemi-
ology. For example, statistician Ernest Charles Snow (1886—
1959) used the term cohort abundantly in a 1913 paper about
tuberculosis (30); in 1922, Pearl, Doering’s advisor, used the
term cohort to define infants born in a single year (31); and in
1924, sociologist Karl Mannheim (1893-1947) wrote an in-
fluential essay on generations (32), by which he meant co-
horts (33). The second reason for circumspection is that
potential troves have not yet been fully explored. It would
be warranted to systematically search the American Journal
of Public Health and other relevant sources before 1929, as [
am doing for the American Journal of Hygiene (10, 34, 35),
before jumping to the conclusion that Bigelow and Doering
were the first to use the term cohort to characterize age-
specific rates organized by year-of-birth. However, to the
best of my knowledge, they are.
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APPENDIX 1
The Mysterious Death of George H. Bigelow

George H. Bigelow left his home on the morning of Mon-
day, December 3, 1934, entered the main gate of Massachu-
setts General Hospital at 8:10 AM, and “at 8:20 departed,
displaying obvious signs of displeasure” (36). He was sched-
uled to give 2 speeches in New York City, one at 8 PM the
next night at the Staten Island Hospital and the second on
Wednesday, December 4, at the American Society for the
Control of Cancer. The police were informed that he was
missing on December 6.

Several people reported having seen Bigelow by the
ponds in the vicinity of the Metropolitan Reservoir in Fra-
mingham, a location near his childhood home and school, in
the week after he was declared missing. An intense manhunt
followed. State troopers, Framingham police, private inves-
tigators, St. Mark’s schoolboys, and boy scouts all searched a
5-mile radius around the reservoir’s dam that included the
ponds, woods, and cottages. Shortly thereafter, a revived
search led by 152 Civilian Conservation Corp members
and 25 state troopers was initiated. Approximately 100,000
circulars were disseminated, and short motion picture films
of Dr. Bigelow were shipped to numerous points in New En-
gland and New York. Small gum labels containing his picture
and a description were plastered on the turnstiles of all trolley,
subway, bus, railroad, and steamship stations. American con-
suls throughout Mexico, Canada, and Cuba were drawn into
the search.

On December 27, more than 3 weeks later, the body of a
man was found caught in a “sucker” in the canal. The body
was 6 feet tall, weighed between 165 and 175 pounds, and
had black hair that was graying at the temples, square shoul-
ders, slender arms, un-calloused hands, and tapering, well-
kept fingers (37). A dangerous operation to free the body
ensued. Giant cranes, pneumatic drills, derricks, and slings
were cautiously maneuvered to melt the 2 tons of ice in
which the body was imbedded without sending ice cakes
hurtling through the canal. The body was extracted from its
ice coffin in front of more than 1,000 spectators who had
travelled from miles around to witness the scene. The man
was fingerprinted. He was not George Bigelow.

On March 24, 1935, Bigelow was found in the Sudbury res-
ervoir in Framingham, Massachusetts, and confirmed dead.
The headline of the Boston Globe said, “Dr. Bigelow Found
Drawn. Death Termed Suicide by Medical Examiner. Body
Taken From Reservoir at Framingham. Papers Lead to Identi-
fication. Letter to Wife Found in Coat of Victim, but Officials
Silent as to Content” (38). In his pocket was a letter to his wife
that read, “To Mrs. Bigelow, I can’t say it, that’s the trouble. I
am so sorry and so ashamed of this” and was signed simply
“George” (39, p. 2). The handwriting was declared to match
exactly with the handwriting on Bigelow’s driver’s license
(40). His briefcase and hat were found in good condition in
the brush. The official cause of death was suicide. To this
day, a question mark still tags his year of death.

APPENDIX 2

Reprinted with permission below is a section of a 1919
issue of the Texas Christian University Bulletin (T. C. U.)
dedicated to the University’s School of Music and Fine
Arts (41).

Mrs. Carl Rupp Doering has had the finest European training. She
is a Dane and was formerly the Baroness Antoinette von Egger.
She was for several years the principal assistant of Professor
Robert Teichmuller, the famous teacher and director of the
Royal Conservatory of Music in Leipzig, Germany. She concert-
ized with great success all over Middle Europe and enjoys a fine
reputation as a teacher of advanced piano playing. Her charming
sympathetic personality influences her pupils in a remarkable
way. Her technique as well as musical efficiency is unexcelled.
Mrs. Doering has been a member of the faculty of the T. C. U.
Music Department for the past two years, and in that short time
has established herself in the city of Fort Worth and the State of
Texas as one of the leading concert pianists and teachers,
and T. C. U. Music Department considers itself fortunate to have
such an accomplished musician at the head of the piano department.

i

Ly

MRs. CARL Rupp DoERING CArRL Rupp DoERING
Head of Piano Department Piano

Appendix Figure 1. Mrs. and Mr. Carl Rupp Doering. Courtesy of
Christian and Peter Doering and Margaretta Volk.

Mr. Carl Rupp Doering was born in Philadelphia and received his
musical education under the celebrated pianist and pedagogue,
William H. Sherwood. He entered the Sternberg School of
Music in Philadelphia and studied under its director, Constantin
von Sternberg. After graduating, he held a position as piano and
harmony instructor for two years. He continued his studies at
Leipzig under Professor Robert Teichmuller, in piano, and Pro-
fessor Stephan Krehl in composition, graduating at the Conserva-
tory in 1914. Mr. Doering returned to this country in the latter
part of the year 1915 and became associated almost immediately
with Texas Christian University. He, like his accomplished wife,
has won an enviable position in the musical world of America.
Mr. Doering will teach piano, devoting the greater part of his
time to the theoretical department.
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