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H istorical evaluation of cancer mortality in Germany 
is impossible without reference to data from death 
certificates. In the German Empire, and subse-

quently in Germany, legislation regarding mandatory post 
mortem examinations was a matter for individual states. 
The legal obligation to examine the body of a deceased 
person was introduced successively in various regions as 
follows: Baden 1807, Hamburg 1812, Berlin 1824, Hesse 
1829, Württemberg 1833, Lübeck 1834, Bavaria 1839, 
and Saxony 1850. In Prussia the regulations were not 
standardized until the 1930s. In the German Empire it was 
the responsibility of local administrations to decide on the 
introduction of post-mortem examinations, whether by a 
physician or another official (1, 2). 

A regulated system for the recording of mortality 
statistics was set up by the Imperial Health Agency in 
1892 (3), although the regulations regarding post 
 mortem examinations were not yet consistent at that 
time (1). The “Medical Statistical Communications of 
the Imperial Health Agency” (“Medizinalstatistischen 
Mittheilungen aus dem Kaiserlichen Gesundheits-
amte”) presented regular summaries of deaths from 
neoplasms with no classification by age or sex. In the 
period 1892–1904 all neoplasms (benign and 
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 malignant) were assigned to one single category, but 
from 1905 onwards the division into “cancer” and 
“other neoplasms” was introduced, the latter com-
prised predominantly of sarcomas and gliomas (3, 4). 
From 1932 onward, with the German Empire’s adop-
tion of the International List of Causes of Death, these 
two categories were statistically subsumed into one 
group (5).

The deficiencies in the registration of cancer deaths 
in the German Empire resulted from various factors. In 
some regions, e.g., in rural Prussia, cancer as a cause of 
death was not recorded at all (6–8); in other places 
post-mortem examinations were conducted exclu -
sively by lay persons; in yet other areas (in Prussia, for 
example) the bodies of only some of the deceased were 
examined by a physician (9, 10). The quality of the 
cause of death data, in terms of the proportion of cases 
where the cause was unknown or inadequately docu-
mented (e.g., ascribed to senility) was much lower in 
the countryside than in large towns (11). Deaths were 
registered not where the deceased person lived, but 
where the death occurred (11). Quality suffered during 
World War I (11). It is not surprising, therefore, that the 
rising mortality in the German Empire in the early 20th 
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The Hamburg cause of death records thus antici-
pated the regulations introduced with the foundation 
of the Federal Republic of Germany (FRG) in 1949.

The changing age structure of the population 
means that the sex-specific cancer mortality over an 
extended amount of time cannot be investigated with-
out knowledge of age- and sex-specific annual death 
rates. I found that for Hamburg, these data were avail-
able for the period 1872 to 2019. The aim of this study 
was to present the crude, age-specific, and age-
 standardized cancer mortality rates of the population 
of Hamburg—to the extent available or calcu-
lable—and thus to contribute to the apparently unre-
solved debate on the increase in cancer deaths 
 recorded in the German Empire during the early part 
of the 20th century.

Material and methods
Data extraction
For the period 1872–1979, the available published data 
(rate or number of deaths and population size) for Ham-
burg, the German Empire, or the FRG were entered 
manually into a database (13, 14, 17–22). For the peri-
od 1980–2019, the age-standardized cancer mortality 
rates from the Federal Health Monitoring Information 

FIGURE 1

Crude (1872–2019) and age-standardized cancer mortality rates (1905–2019) of the population of Hamburg and the proportion of the popu-
lation ≥ 60 years
Vertical dotted lines: world wars
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century occasioned a debate on whether this increase 
represented genuine growth in the sense of a higher 
risk of cancer or was due to improvements in diag-
nosis, better statistical classification of the cause of 
death, or failure to take account of the increasing age 
of the population when compiling the data (7, 8, 10, 
12, 13).

The cause of death statistics of the city of Hamburg 
(14) have a number of distinguishing features: 
● Up to 1933, Hamburg (where the practice was 

 introduced in 1812) was one of only a small 
number of regions with mandatory post mortem 
examination by a physician of the bodies of all 
 deceased persons (1).

● Furthermore, cities like Hamburg were known for 
their high densities of physicians and hospitals and 
their high autopsy rates (15).

● In contrast to other regions (3, 4, 10, 13, 16), per-
sons who died in Hamburg but were not registered 
residents of the city were not included in the Ham-
burg cause of death statistics.

● From an early date, the cancer mortality statistics 
were published not only as absolute case numbers, 
but also as mortality rates stratified by calendar 
year, age, and sex.
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System (www.gbe-bund.de) were integrated digitally 
into the database on 22 April 2021. Details of the calen-
dar periods, age groups, sex groups, and type of rates 
published (crude or age-standardized) can be found in 
the eTable. The aging of the population since the late 
years of the 19th century was described in 1957 by 
Schwanke, who traced the development in the propor-
tion of the population of Hamburg aged ≥ 60 years or 
over (14). I calculated the proportion of persons aged 60 
and above in Hamburg for the modern era up to 2019.

From 1904 to 1931, causes of death were catego -
rized according to the “Abbreviated Cause of Death 
List” (“Kürzer gefaßtes Todesursachenverzeichnis”) 
(8); from 1932 to 1940, according to the International 
List of Causes of Death. Thereafter, successive revi-
sions of the International Classification of Diseases 
were used: ICD-5 from 1941 to 1951, ICD-6 from 
1952 to 1957, ICD-7 from 1958 to 1967, ICD-8 from 
1968 to 1979, ICD-9 from 1979 to 1997, and ICD-10 
from 1998 to 2019. All rates were calculated as cancer 
deaths per 100 000 person-years, age-standardized to 
the world standard population (23).

Results
Between 1871 and 2019 the population of Hamburg 
increased by a factor of 7.7, from 239 107 to 
1 847 253. The crude cancer mortality rates rose 
steadily from 1872 onward, peaking in men in 1975 
(347/100 000) and in women in 1986 (323/100 000). 
Thereafter the rates in both sexes fell markedly, 
reaching 275 and 234 per 100 000, respectively, in 
2019. The increases can be explained largely by the 
changing age structure of the population. While in 
1895 the proportion of the population of Hamburg 
aged ≥ 60 years was 6%, it had reached 25% by 1974 
and varied between 22% and 24% in the years there-
after. The age-standardized cancer mortality rates 
showed distinctly different trends in men and women. 
From 1905 to 1951, the rates were almost constant for 
both sexes. In men, the rates rose to a peak of 205 per 
100 000 in 1967 and then fell steadily to 120 per 
100 000 in 2019. In women, the rates stayed practi-
cally constant from 1905 to 1958 (average 
137/100 000) and then fell continuously until 2019 
(85/100 000).

A striking feature is the relatively rapid 25% 
 increase in age-standardized cancer mortality rate 
(from 157 to 196/100 000) in men between 1951 and 
1960, a period in which the rate in women fell slightly 
(from 139 to 132/100 000). In particular, the age-
 standardized cancer mortality rate in men increased 
from 157 to 193 per 100 000 (+ 23%) between 1951 
(the last year surveyed by Schwanke [14]) and 1956 
(the first year of the Hamburg Cancer Documentation 
project [18]), while the rate in women rose only 
slightly (from 139 to 145/100 000, + 4%) (Figure 1). 
The cancer-specific age-standardized mortality rates 
of the cancers most commonly leading to death for 
the period 1956–2019 show that the pronounced 
 increase in age-standardized overall cancer mortality 

in men during the 1950s and 1960s can be attributed 
particularly to the rising numbers of deaths from lung 
cancer. This increase was too high to be offset by the 
distinct decrease in age-standardized stomach cancer 
mortality during the same period (eFigure 1).

The age-specific mortality rates in Hamburg 
changed little up to 1951. Thereafter, particularly in 
the period 1951–1960, there was a distinct increase in 
age-specific cancer mortality rates in men (0–29 
years: + 40%, 30–59: + 35%, 60–69: + 32%, ≥ 70: 
+ 26%); in women, there was an increase in the 0–29 
years age group (+ 43%), but in the other age groups 
the rates hardly changed. From around 1990 onwards, 
cancer mortality rates decreased continuously in all 
age groups of both sexes. Between 1951 (the last year 
surveyed by Schwanke [14]) and 1956 (the first year 
of the Hamburg Cancer Documentation project [18]), 
men in the age groups 30–59, 60–69, and ≥ 70 years 
showed relative and absolute increases in rate of 26% 
(+ 37/100 000), 34% (+ 241/100 000), and 23% 
(+ 332/100 000), respectively (Figure 2, eFigure 2).

Figure 3 helps to explain how there came to be a 
debate on whether the apparent increase in cancer risk 
in the first half of the 20th century was genuine. The 
crude cancer mortality rate in Hamburg rose from 72 
per 100 000 in 1872 to 217 per 100 000 in 1951. This 
increase was accompanied, however, by a pronounced 
change in the age structure of the Hamburg popu-
lation, with the proportion of ≥ 60-year-olds rising 
from 6% in 1895 to 17% in 1950. After correction for 
this change by age standardization, the rates remained 
practically constant from 1905 to 1951. In the Ger-
man Empire, on the other hand, gradual refinement of 
official cause of death statistics and steady improve-
ment—also in rural areas—in hospital provision and 
numbers of physicians led to higher crude and age-
standardized cancer mortality rates over the period 
1905–1934. Only around 1933 did the age-
 standardized cancer mortality rates of the German 
Empire come to match the age-standardized cancer 
mortality rates in Hamburg (Figure 3).

From 1952 to 2019, the temporal trends in age-
standardized cancer mortality rates in Hamburg were 
closely comparable with the FRG and later with 
reunified Germany as a whole. However, the rapid 
 increase in cancer mortality among men in the years 
1952–1960 occurred earlier in Hamburg than in the 
FRG. Right up to the last year of this study, 2019, 
age-standardized cancer mortality was slightly higher 
in Hamburg than in Germany as a whole for both men 
and women (eFigure 3).

Discussion
I have traced the trends in cancer mortality in Hamburg 
over a period of 148 years for which good records are 
available. A large proportion of the increase in crude 
cancer mortality from 1872 to 1951 can be attributed to 
the aging of the Hamburg population. After age stan-
dardization of the cancer mortality for the period 
1905–2019, cancer mortality was almost constant up to 
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the end of World War II. Only after the war, in the 
1950s, was there a marked increase in the age-
 standardized cancer mortality rate for men; in women, 
on the other hand, the rate decreased continuously right 
up to 2019. The distinct increase in rates among men 
was found in all age groups and began earlier in Ham-
burg than in Germany as a whole. From around 1990, at 
the latest, all age groups of both sexes showed a con-
tinuous decline in cancer mortality rates. 

It can be assumed that the autopsy rates in Ham-
burg in the first half of the 20th century were high, as 
they were in other European cities (e.g., Basel, 
37–45%; [24]). In 1956 the rate in Hamburg was 
39% (25). The autopsy rates in Hamburg remained 
relatively constant up to around 1990 and then 
 declined sharply (26). The rate of autopsies therefore 
provides no explanation for the rapid postwar 
 increase in cancer mortality in men. The answer is 
supplied by analysis of the mortality trends for the 
most commonly occurring cancers: the pronounced 
increase in overall cancer mortality is attributable 
particularly to the marked rise in lung cancer deaths. 
The decline in deaths from stomach cancer over the 
same period did not offset the impact of rising lung 
cancer mortality on overall cancer mortality in men. 
The findings for the FRG as a whole are very similar 
(22, 27).

In 1950 Freudenberg described the debate about 
the cancer risk in the 1930s as “a matter of fashion.” 

Not until just after the war, in the years 1946–1948, 
was this debate pushed into the background by the 
more momentous mortality from tuberculosis (5). A 
central point of discussion in the first half of the 20th 
century was whether or not there had been a genuine 
increase in cancer risk. I have attempted to answer 
this question with the aid of the best available cause 
of death statistics in Germany. The legal obligation 
for post-mortem examination of the bodies of all 
 deceased persons by a physician was introduced in 
Hamburg long before many other regions. Moreover, 
the records did not include those persons who died in 
Hamburg but were not registered as residents. Com-
pared with rural regions, cities like Hamburg had a 
far higher density of physicians and hospitals. Alto-
gether, these factors led to much better data quality 
of cause of death statistics than in rural regions or 
other cities. 

From 1905 to 1932 cancer mortality in the German 
Empire was much lower than in Hamburg, only 
reaching the same level as Hamburg in 1933. A 
number of publications have laid out the reasons why 
the quality of cause of death statistics was higher in 
cities (11, 13, 16, 28–31). In his 1931 textbook, 
 Prinzing concluded that “the question of the increase 
in cancer...can be regarded as answered” (29). He also 
wrote “The situation is best in Hamburg” (29). Vari-
ously empirically verifiable factors have been cited to 
explain the urban–rural difference, which resolved 

FIGURE 2

Age-specific cancer mortality rates in the population of Hamburg, 1905–2019
Vertical dotted lines: world wars
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only gradually with advances in healthcare in the Ger-
man Empire: both cause of death documentation and 
medical care (diagnosis, hospital admissions, rate of 
post-mortem examinations by physicians, autopsies) 
were considerably better in cities (3, 11, 16). The 
number of physicians per 10 000 inhabitants of the 
German Empire increased from 3.2 in 1876 to 7.0 in 
1939, and the numbers of officially planned hospital 
beds and of hospital admissions per 10 000 inhabi -
tants of the German Empire went up, respectively, 
from 25 and 108 in 1877 to 87 and 830 in 1939 (32).

Alongside the limited quality of country-level 
cause of death statistics in Germany, another factor 
playing a part in the debate as to whether or not the 
 increase in cancer risk was genuine was the limited 
use of age standardization of mortality data to adjust 
for the changing age structure of the population. Age 
standardization had been known since 1844, and as 
early as 1915 Hoffmann described the failure to apply 
age standardization as an “unpardonable statistical 
error” (34). However, only after World War II was age 
standardization consistently employed throughout 
Germany. My retrospective age standardization of the 
cancer mortality rates in Hamburg from 1905 to 1951 
shows that the age-standardized cancer mortality 
 remained practically constant right to the end of that 
period, despite considerable increases in cancer 
deaths and crude cancer mortality rates owing to the 
changing age structure of the population. My age 
standardization of cancer mortality also showed near-
constant mortality rates for both sexes between 1925 
and 1948 in Berlin (5) and between 1910 and 1925 in 
Cologne (16) (data not shown). The observed rise in 
the absolute number of deaths from cancer may have 
given physicians the impression of an increased 
cancer risk in the population.

Although, at 148 years, this time series analysis of 
cancer mortality in a German region is the longest 
ever presented, some limitation of the data must be 
noted: Over the course of time, the classification of 
cancers has changed repeatedly (35) and the density 
of both physicians and hospitals has increased con-
siderably (32), as has the availability of diagnostic 
tools for the detection of cancers. Moreover, the diag-
nostic quality of the detection of cancers has 
 improved. Due to the low numbers of physicians dur-
ing the world wars, the quality of cause of death 
 statistics for those periods was limited (6, 11). I was 
only able to investigate overall cancer mortality and 
the numbers of deaths from frequently fatal forms of 
cancer over the period concerned. I was unable to 
 investigate trends in the mortality rates for specific 
cancers in Hamburg for the years before 1956, 
 because the corresponding data were not available.
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Sources of cancer mortality data for Hamburg, the German Empire, and Germany

*1 Periods/years: 1905–1906, 1910–1911, 1919–1920, 1924–1926, 1933, 1939, 1946, 1950, and 1951;
*2 In addition to the total cancer deaths, data on the cancer types most commonly leading to death were extracted. M, Male; F, female
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pire

Federal Rep. 
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1872–1898

1905–1951*1
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1956–1979
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1905–1934
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−

0–4, 5–9, …, 75–79, ≥ 80 
(up to 1966), ≥ 85 (from 
1967)

0–4, 5–9, …, 80–84, ≥ 85

0–, 1–4, 5–14, 15–19, 
30–44, 45–59, 60–69, ≥ 70

Entire range

Entire range

Sex

M, F, total

M, F, total

Total

−

M, F

M, F

M, F

M, F

M, F

Cancer 
deaths

−

−

−

−

+*2

+*2

−

−

−

Population  
size

−

−

−

Proportion 
≥ 60 years

+

+

−

−

−

Rate

Crude rates

Age-specific rates

Crude rates

Proportions per year

−

−

Age-specific rates

Age-specific rates 
(world standard)

Age-specific rates 
(world standard)

Access 
 (reference)

(17), data extracted 
from table

(14), data extracted 
from table

(14), data extracted 
from table

(14), data extracted 
from illustration

(18–21), data 
extracted from table

www.gbe-bund.de; 
accessed: 
22.4.2021

(13), data extracted 
from table

(22), data extracted 
from table

www.gbe-bund.de; 
accessed: 
22.4.2021
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eFIGURE 1

Age-standardized cancer mortality rates for the frequently fatal forms of cancer in Hamburg, 1956–2019
“Lung” includes trachea, bronchi, and lungs; ”bowel” includes colon, rectum, and (from 1980) anus.
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eFIGURE 2

Age-specific cancer mortality rates in the population of Hamburg, 1905–2019 (logarithmic y-axis scaling)
Vertical dotted lines: world wars
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eFIGURE 3

Age-standardized cancer mortality rates in Hamburg and in Deutschland, 1952–2019 
(1952–1990 for the Federal Republic of Germany, from 1991 for the whole of Germany (com-
bined territories of previously existing Federal Republic of Germany and German Democratic 
Republic)
Vertical dotted lines: world wars
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