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Important works on the question of hereditary influence on the occurrence of 
cancer with application of twin series are those by v. Verschuer and Kober (cf. Spran-
ger and v. Verschuer, 1964), Jarvik and Falek (1961) and Harvald and Hauge (1963). 
Their findings are by and large consistent with most earlier reports (Schull et al, 1959) 
and indicate that hereditary factors do not seem to influence the development of 
cancer as such, but possibly play a role in the localization of the tumor. In view of 
the fact that (except for Harvald and Hauge's investigation) the twin series studied 
have been comparatively small and yielded statistically unreliable numbers of cancer 
of specific site, it seems to be of value to extend the data by reporting findings from 
the Swedish Twin Registry, comprising about 11000 unselected twin pairs. 

The present paper reports mortality and morbidity in cancer of different site as 
well as concordance rates for MZ and DZ twins. In addition, the influence of smok
ing habits on cancer development has been analyzed, as this environmental factor 
is known to be associated with certain forms of cancer, particularly lung cancer 
(Smoking and Health, 1964). 

Cancer data have been obtained from two sources, the Swedish Cancer Registry and 
the Registry of Causes of Death. 

The Swedish Twin Registry in the present report comprises 1 o 945 twin pairs, and 
covers, in principle, all same-sexed twins born in Sweden in 1886-1925, and still living 
in the country as unbroken pairs at the time of compilation (1961). A detailed report of the 
compilation procedures and demographic data is given by Cederlof (1966). 

Information of cancer morbidity has been obtained from the Swedish Cancer Registry, 
operating since 1958. The material is based on compulsory reports from all physicians at
tending in- and outpatient departments in hospitals, asylums and other establishments for 
medical treatment, be they under public or private administration. The classification used 
is identical with the international system recommended by the WHO (1955). The diag
noses treated in this context are covered by the numbers 44-59 of the A-classification list. 

The material is complete up to and including the year 1965, which means that morbidity 
data for the twin series are not complete for the last three years. Despite this fact, all 
records available, including the period 1966-1968, have been utilized. 

Mortality data originate from certificates kept by the Central Bureau of Statistics. The 
classification follows the code given by the WHO, referred to above. Information on cancer 
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mortality covers the period 1961-1968. The criterion in question is " the underlying cause 
of death ", which also corresponds to the definition recommended by the WHO. 

In this report analyses have been made both on cancer mortality and cancer morbidity, 
which include the total registration of cancer mortality. 

CANCER MORTALITY 

In order to assess the representativeness of the twin series, a comparison has been 
made between the twins and the general population in regard to cancer mortality. 
Expected values were calculated on the basis of Official Statistics of Sweden, taking 
differences in age distribution into account. 

The observed and expected numbers of death for cancer in general in relation to 
the total number of deaths, by sex and year of birth, are shown in Tab. I. 

Tab. I. Number of deaths and deaths due to cancer by sex 
and year of birth 

Sex 
Year of 

birth 
Deaths 

observed 

Deaths due to cancer 

Observed Expected 

(^ 1886-1895 222 40 44.6 

1896-I9O5 212 64 5I.2 

I9°6-I9I5 141 26 31.9 
1916-1925 54 10 10.5 

1886-1925 629 140 I38.2 

2 1886-1895 257 55 48.5 

1896-1905 180 60 58.4 

1906-1915 101 45 44.7 

1916-1925 35 21 15.4 

1886-1925 573 181 167.0 

To ta l 1202 321 305.2 

The correspondence between observed and expected number of individuals de
ceased for cancer is high for both males and females. 

A more detailed tabulation, elucidating the mortality due to cancer of specific 
sites, has been performed. Tab. I I shows the actual prevalence in comparison with 
age-standardized expectancies. 

In this comparison, it is also apparent that the twin material is highly congruent 
to population statistics. 

CANCER MORBIDITY 

The number of individuals deceased in cancer amounted to 321. When adding 
the Cancer Registry material, the number of affected individuals is 703. As men-
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Tab. II. Number of deaths due 

Site of cancer 

Pharynx 
Oesophagus 
Stomach 
Intestine (excepting rectum) 
Rectum 
Larynx 
Trachea, bronchus, lung 
Breast 
Uterus 
Prostate 
Skin 
Bone and connective tissue 
Unspecified 
Leukemia and aleukemia 
Lymphosarcoma and other neoplasms of 

lymph and hemapoietic system 

t o cancer of specific s i tes 

d 
Observed 

I 

2 

l9 
I O 

3 

— 
2 8 

2 3 

5 

— 
34 

5 

1 0 

Expected 

2 . 7 

2 . 8 

21.7 

10.9 

6-5 
0 . 7 

23.8 

0 . 2 

— 
14.7 

2 . 2 

' • 5 

35-4 
5-8 

9-2 

by sex 

9 
Observed 

2 

2 

2 1 

19 

8 

— 
1 0 

3 2 

18 

— 
2 

1 

57 

3 

6 

Expected 

2 . 1 

1.6 

16.4 
!4-3 
5-4 
0 . 2 

8.4 

3i-5 
14.0 

— 
1.8 

0 . 8 

57-8 

5-3 

7 .0 

Total 140 138.1 166.6 

tioned above, morbidity data are complete only before 1966. Hence, the morbidity 
ratios are not quite comparable to the rates in the general population and are not 
presented. As there is no reason to believe, however, that the nonavailable records 
from the remaining period should not be distributed at random with regard to zy
gosity group, concordance rates for cancer morbidity will be given in the following 
paragraph. 

CONCORDANCE RATES 

The number of concordant pairs with regard to cancer morbidity is shown in Tab . 
I I I . 

Tab. III. Number of concordant pairs as 
to cancer morbidity 

Cancer morbidity MZ DZ 

Both twins 
One twin 
No twin 

Total 

Exp. coincid. 
Obs./exp. coincid. 

1 1 

2 1 6 

3429 

3656 

5-33 
2.06 

19 

399 
6432 

6850 

9-24 
2.06 
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The table also shows an age-adjusted expectancy of coincidence, based on the 
square of the prevalence rate; i.e., the probability of a pair being concordant due to 
chance alone. The expected coincidence was 5.33 and 9.24 for MZ and DZ twins 
respectively. The actually observed number of concordant pairs in relation to the 
expected coincidence is also given. It appears that, for both zygosity groups, the ob
served numbers are significantly higher than the expected ones. There is, however, 
no appreciable difference between the zygosity groups. 

As to site, the material is indeed limited. There are three concordant pairs in 
each zygosity group — one pair in each group being concordant as to cancer of the 
stomach, the remaining two pairs in the MZ group having the uterus affected, and 
two pairs in the DZ group having one the uterus and the other the prostate affected. 

OCCURRENCE OF CANCER AMONG SMOKERS AND NONSMOKERS 

The influence of smoking habits on the development of diseases, especially coro
nary heart diseases and respiratory symptoms, has been a main subject in utilizing 
the Swedish Twin Registry (Cederlof et al, 1966). In the present-report the associa
tion between tobacco consumption and cancer, as it appears in this material, will 
be reported. 

The question has been approached in two ways. One approach utilizes the total 
twin material, being treated as an ordinary survey sample, divided into smokers and 
nonsmokers. In the other approach, smoking-discordant pairs have been selected. 
Data concerning tobacco consumption were collected mainly in 1961 by mailed ques
tionnaires. The type of consumption as well as the quantity were registered. In this 
context, " nonsmokers " implies subjects who have never smoked, or have at least 
not smoked in their lifetime more than 5-10 packs of cigarettes, or 50-75 cigars, or 
3-5 packs of pipe tobacco. 

An analysis of different sites of relevance would have been valuable. As the ma
terial is too limited, detailed classifications have been omitted, with an exception for 
lung cancer. 

Based on the first approach, association between smoking and cancer morbidity, 
lung cancer being separated, is shown by sex and year of birth in Tab. IV. 

An increase in occurrence of cancer-all sites does appear among the smoking males 
in the older age group, but cannot be shown in any other group. For the older males 
the difference is statistically significant (P < 0.01). 

With regard to lung cancer, increased frequencies among smokers are consistent 
in both male subgroups. The numbers in the female groups are too small to warrant 
conclusions. Lung cancer prevalence is high among the smoking males, which may 
have contributed to the significant difference between smokers and nonsmokers in 
gross cancer morbidity. The significance test for this group (lung cancer excluded) 
still remains significant, however, but on a lower level (P < 0.05). The figures for 
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Tab. IV. Cancer m 

Total 

Cancer-all sites 

Lung cancer 

Cancer-remaining sites 

orbidity as 

N . 

/o 

N. 
0 / 

/o 
N. 

% 

1886 

N S M 

1 0 0 0 

43 

4-3 

0 

— 

43 

4-3 

to s m oking 

6 
- 1 9 0 5 

S M 

1 7 1 3 

131 

7.6 

2 5 

1 . 4 

1 0 6 

6 . 2 

1 9 0 6 -

N S M 

2 2 3 0 

3 0 

i-3 

1 

0.04 

29 

i-3 

e;roup 

1 9 2 5 

S M 

4663 

54 
1.1 

7 
0 . 1 5 

47 
1 . 0 

by sex 

1886-

N S M 

3 4 7 2 

1 8 6 

5-3 

5 
0 . 1 4 

1 8 1 

5 - 2 

a n d 

r 

1 9 0 5 

S M 

2 8 3 

H 

4-9 

1 

o-35 

1 3 

4.6 

year of birth 

1 9 0 6 -

N S M 

6258 

174 

2 . 8 

3 
0 . 0 5 

1 7 1 

2 . 7 

' 9 2 5 

S M 

2 0 6 1 

66 

3 - 2 

1 

0 . 0 5 

65 

3-i 

lung cancer are generally too small to warrant statistical testing, but in the older 
male group where the difference is highly significant (P < 0.001). 

When only smoking-discordant pairs are utilized for the analysis, the numbers 
become very small (Tab. V). No increased morbidity in cancer-all sites can be shown 
among the smokers in the pairs, neither among MZ nor among DZ. The lung cancer 
cases are only 3 in the total material of 1816 pairs, all occurring among smokers. 

Tab. V. Cancer morbidity as to smoking-discordant MZ and DZ pairs by sex and 
year of birth 

M Z 

D Z 

Total 

Cancer-all sites 
Lung cancer 

Total 

Cancer-all sites 
Lung cancer 

d 
1 8 8 6 - 1 9 0 5 

N S M SM 

6 2 

3 5 
0 0 

' 33 

7 6 
0 1 

Co nclus 

1 9 0 6 - 1 9 2 5 

N S M S M 

1 3 8 

1 1 

0 0 

455 

9 4 
0 1 

ion 

2 
1 8 8 6 - 1 9 0 5 

N S M S M 

35 

4 2 

0 0 

1 2 2 

8 2 

0 0 

1 9 0 6 - 1 9 2 5 

N S M S M 

2 5 1 

4 7 
0 0 

6 2 0 

2 6 2 0 

0 1 

The findings of the present report support the results of earlier investigations. 
According to the classical twin method, no hereditary influence could be shown as 
to development of cancer as such. With regard to specific sites, the material is too 
limited to give a result of statistical significance. The tendency is, however, the same 
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as in earlier findings; i.e., the genetic influence seems to be of importance with regard 
to the localization of the tumour. A follow-up would permit an extended analysis 
on this question, and should be a most valuable future project. 

The comparison between expected and observed coincidence of cancer showed 
that the actual within-pair coincidence highly exceeds the random expectancy. This 
family influence seems to be in agreement with the findings of several studies applying 
the proband method. 

As to cancer occurrence in connection with smoking habits, the number of af
fected individuals was not higher among smokers with regard to cancer as such, except 
in one subgroup, i.e., among males 63-82 years of age. This difference was not con
sistent when smoking-discordant twins were analyzed. 

The difference between smokers and nonsmokers becomes more apparent when 
separating lung cancer. In spite of small numbers, the association between smoking 
and lung cancer is evident. 
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