
booklet on its own can be expected to have, at best,
only a transient effect on this.203032 Yet pressures to
consider only the guidelines and their further refine-
ment, and to ignore monitoring and peer review,
continue to be enormous. The problem of how to
assure compliance with an agreed standard of practice
needs to be resolved. Until this happens medical audit
alone is unlikely to translate good practice into common
practice.
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Incidence of disease after vasectomy: a record linkage retrospective
cohort study

Henriet Nienhuis, Michael Goldacre, Valerie Seagroatt, Leicester Gill, Martin Vessey

Abstract
Objective-To determine whether vasectomy is

associated with an increased risk of several diseases,
and in particular testicular cancer, after operation.
Design-Retrospective cohort study using linked

medical record abstracts.
Setting-Six health districts in Oxford region.
Subjects-13246 men aged 25-49 years who had

undergone vasectomy between 1970 and 1986, and
22196 comparison subjects who had been admitted
during the same period for one of three specified
elective operations, appendicitis, or injuries.
Main outcome measures-Hospital admission and

death after vasectomy or comparison event.
Results-The mean durations of follow up were

6-6 years for men with a vasectomy and 7*5 years for
men with a comparison condition. The relative risk
of cancer of the testis in the vasectomy cohort
(4 cases) compared with that in the other cohorts (17
cases) was 0*46 (95% confidence interval 0.1 to 1-4),
that of cancer ofthe prostate (1 v 5 cases) 0 44 (041 to
4.0), and that of myocardial infarction (97 v 226
cases) 1-00 (0-8 to 1-3). There was no evidence of an
increase associated with vasectomy in the incidence
of a range of other diseases.
Conclusion-Vasectomy was not associated with

an increased risk of testicular cancer or the other
diseases studied. With respect to prostatic cancer,
while we found no cause for concern, longer periods
ofobservation on large numbers ofmen are required.

Introduction
Vasectomy is now a common method of permanent

birth control. Though widely considered to have no
adverse long term effects on health, doubts have
occasionally been raised about its safety. These include
concerns about the functional importance, if any,
of the autoimmune sperm antibody response that
commonly follows vasectomy' 2 and the possibility
of long term effects of the operation on the cardio-
vascular3-'0 and genitourinary systems. Also, there is
current interest in the hypothesis that vasectomy might
predispose men to cancers of the testis and prostate. `11
We report a medical record linkage study to identify
the subsequent occurrence of these cancers and several
other diseases after vasectomy.

Methods
We used data from the Oxford record linkage study,

which includes brief abstracts of records of hospital
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inpatient care, day case care, and death certificates
organised such that successive records relating to the
same person can be linked together.', 8 The data are
coded from medical records by clerks trained by
the staff of the study. Completeness of recording is
routinely monitored.'9 Checks against independent
sources of data have shown the data to be reliable.20"2
We analysed all records of men who underwent

vasectomy between 1970 and 1986 and were aged 25-49
years and resident in the study area at the time of
operation. Comparison cohorts comprised men in the
same age group who had been admitted to hospital
during the same period for one of three elective
operations (removal of sebaceous cysts, removal of
nasal polyps, or meniscectomy); for appendicitis; or
for injuries (head injury or fractures of the humerus or
femur). Each man was selected for one entry cohort
only-that is, a man with a vasectomy and a com-
parison condition was included in the vasectomy
cohort and excluded from the other cohort. Men with
more than one eligible comparison condition were
included only for the first condition in the rank order
given in table I. Records of hospital admissions and
death after the index admission were sought to 31
December 1986 for the first occurrence of cancer of the
testis, cancer of the prostate, leukaemia and other
neoplasms of haematopoetic and lymphatic tissue,
several autoimmune or possibly autoimmune diseases,
and the cardiovascular conditions specified in table II.
For each of these diagnoses men were excluded if the
diagnosis had been recorded at the time of the index
admission.
Age standardised first occurrence rates were calcu-

lated for each diagnosis per 10 000 person years at risk

TABLE I- Characteristics of the cohorts. Figures are numbers (percentages) ofmen

Individual comparison cohorts
Combined

Vasectomy comparison Elective
cohort cohorts operations Appendicitis Injuries

Characteristic (n=13 246) (n-22 196) (n=9561) (n=3878) (n=8757)

Age:
25-34 6520 (49) 11 580 (52) 4501 (47) 2206 (57) 4873 (56)
35-44 5964 (45)! 7543 (34) 3543 (37) 1250 (32) 2750 (31)
45-49 760(6) 3073(14) 1517(16) 422(11) 1134(13)

Duration of follow up (years):
0-4 4961 (37) 7474(34) 3460(36) 1207(31) 2807(32)
5-9 5810 (44) 7985 (36) 3535 (37) 1406 (36) 3044 (35)

10-14 2475 (19) 6737 (30) 2566 (27) 1265 (33) 2906 (33)
Mean duration 6-6 7 5 7-2 7-7 7 7

Marital status:
Recorded 12 790 (97) 20 783 (94) 9025 (94) 3690 (95) 8068 (92)
Married* 12 616 (99) 15 505 (75) 7314(81) 3033(82) 5158(64)

Social class:
Recorded 8860(67) 13 412 (60) 6501(68) 2291(59) 4620(53)
Distribution:t

l 712(8) 1043(8) 529(8) 235(10) 279(6)
2 2003(23) 2796(21) 1468(23) 511(22) 817(18)
3 4742 (54) 6542 (21) 3247 (50) 1072 (47) 2223 (48)
4 1134(13) 2181 (16) 986(15) 368(16) 827(18)
5 269(3) 850(6) 271(4) 105(5) 474(10)

*Based on numbers with known marital status. tBased on numbers with known social class.

after vasectomy or admission for the comparison
condition. Indirect standardisation was used, taking
the age specific rates of the comparison cohorts in five
year age groups as the standard population. We also
used Cox's proportional hazards model to calculate the
risk of subsequent disease in the vasectomy cohort
relative to that of the comparison cohorts after adjust-
ing for age.22 Because proportionately more of the
men with a vasectomy were married, and married
men tend to be healthier than unmarried men, we
repeated the analysis of relative risks on data for
married men only.

Results
There were 13 246 men in the vasectomy cohort and

22 196 in the comparison cohorts (table I). The mean
periods of follow up were 6-6 and 7-5 years respec-
tively: vasectomy was less common in the early years
covered by the study than later. Proportionately more
of the men with a vasectomy than the men with a
comparison condition were aged between 35 and 44
years and were married. Occupation and social class
were not recorded consistently in the record linkage
study. Incompleteness of recording tended, however,
to be associated with particular hospitals, specialties,
and methods of admission rather than with the socio-
economic characteristics of individual patients. Social
class distributions were shown for 67% of men with
a vasectomy and 61% of men with a comparison
condition. Social class distributions were generally
similar when the vasectomy cohort was compared with
the cohorts of men with other elective operations or
appendicitis. Not surprisingly, the cohort ofmen with
injuries contained a higher proportion of men in the
lowest social class than the other cohorts.

For most conditions, despite the large number of
men in the cohorts, the number with subsequent
disease within the available period of follow up was
small and the confidence intervals fairly broad because
the diseases of interest are uncommon in this age
group. In general, however, first occurrence rates
across the cohorts were similar (table II). The inci-
dence of testicular tumours was lower in the vasectomy
cohort than in the other cohorts, but this was not
significant. Admission rates for myocardial infarction
were similar across the cohorts. To test whether men
with a vasectomy had an increased risk of fatal
myocardial infarction we calculated death rates from
this condition. The resulting relative risk of death was
similar to that obtained for the overall incidence of
myocardial infarction. Incidences of manifestations
of ischaemic heart disease other than myocardial
infarction were significantly lower in the vasectomy
cohort than in the other cohorts. There was no
evidence of an increase in admission rates for the other

TABLE iI-Age standardised first occurrence rates for each disease/JO 000 person years offollow up (number of cases), and relative risk of
subsequent admission for each disease in men with a vasectomy compared with combined controls* for all men and for mamred men only

Relative risk Relative risk
Elective (95% confidence (95% confidence

Vasectomy operations Appendicitis Injuries interval) for interval) for
Disease )ICD codet) cohort cohort cohort cohort all men married men

Cancer ofthe prostate (185) 0-2 (1) 0-5 (4) 0-0 (0) 0-2 (1) 0-44 (0 1 to4-0) 0-77 (0-1 to 7-3)
Cancerofthetestis(186) 0-4(4) 1-2 (8) 1-3(4) 0-7(5) 0-46(0-1 to 1-4) 0-43(0-1 to 1-4)
Lymphoma,lcukaemia (200-8) 1-9 (16) 2-0 (14) 2-8 (8) 2-6 (17) 0-92 (0-5 to 1-7) 1-00 (0- 5 to 1-9)
Hypertrophy of prostate (600) 1-2 (7) 4-0 (31) 0-8 (2) 2-2 (14) 0-57 (0-2 to 1-3) 0-57 (0-2 to 1-3)
Renal calculus (592, 594) 3-6 (35) 4-1 (29) 4-4 (13) 2-6 (17) 1-20 (0-8 to 1-8) 1 12 (0-7 to 1-9)
Myocardial infarction (410) 12-5 (97) 12 3 (92) 16-6 (45) 13-9 (89) 1-00 (0-8 to 1-3) 0-97 (0-7 to 1-3)

Fatal cases only 4-4 (32) 4-2 (32) 6-7 (18) 3-9 (24) 1-10 (0-7 to 1-7) 0-95 (0-6 to 1-5)
Other ischaemic hcart disease (411-4) 5-1 (41) 8-8 (65) 10-5 (29) 12-2 (79) 0-55 (0-4 to O-8) 0-52 (0-4 to 0-7)
Stroke (430-8) 3-2 (25) 2-5(18) 5-4(15) 8-1 (53) 0-65 (0-4 tol-0) 0-83(0-5 to 1-4)
Hvpertension (401-5) 4-3 (33) 4-8 (35) 5-1 (14) 5-7 (37) 0-86 (0-6 to 1-3) 0-79 (0-5 to 1-2)
Rheumatoid arthritis (714) 1-5 (11) 2-1 (15) 1-0 (3) 1-0 (7) 0-84 (0-4 to 1-7) 0-78 (0-6 to 1-7)
Thyrotoxicosis (242) 0-4 (4) 0-5 (4) 0-0 (0) 0-5 (3) 1- 17 (0-3 to 4-2) 0-91 (0-3 to 3-2)
Ulcerative colitis (556) 0-8 (8) 1-5 (11) 1-0 (3) 1-8 (5) 0-78 (0-3 to 1-8) 0-76 (0-3 to 1-8)

*By using Cox's proportional hazard model with adjustment for age.
tNinth revision of the International Classification of Diseases (or its eighth revision equivalent).
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conditions studied. There were only two cases of
polyarteritis nodosa in the vasectomy cohort and four
in the comparison cohorts. There were no cases of
disseminated lupus erythematosus or glomerulo-
nephritis in the vasectomy cohort. Relative risks for
each condition for all men and for married men only
were similar (table II).

Discussion
POSSIBLE SOURCES OF BIAS

Linkage of routine abstracts of medical records and
their use in a retrospective cohort study such as ours is
a relatively cheap, opportunistic means of studying
large numbers of patients with many person/years of
"follow up." The limitations of the method, however,
should be considered, in particular whether any true
positive associations with vasectomy could have been
obscured. Data were available to the record linkage
study on all hospital admissions within the region
covered by linkage and all deaths of residents of the
region wherever they occurred. Data were not avail-
able on people treated outside the region or who had
permanently migrated or died, so we considered the
possibility of selective loss of follow up data on men
with a vasectomy through higher rates of migration
than those for the control populations. However, the
similarity of incidences of a diverse range of conditions
among the four cohorts makes this seem unlikely.
Indeed, one reason for including a number of possible
"outcome" conditions was to provide the opportunity
to differentiate between any general divergence of the
vasectomy cohort from others (which might be a result
of selective loss to follow up) and any observed
differences specific to a particular disease (which
would provide supporting evidence for a specific causal
relation).
A second source of bias to consider is whether there

might have been aspects of lifestyle in men with a
vasectomy which made them selectively more or less
prone to some diseases than other people. This is one
possible explanation for the lower admission rates for
some manifestations of cardiovascular disease in the
vasectomy cohort than in the other cohorts. Marital
status is one obvious difference between men with a
vasectomy and the' comparison cohorts: a higher
proportion of men with a vasectomy were married.
Married men in England tend to have a lower mortality
than unmarried men. However, when we repeated our
analyses, confining them to married men only, this had
little effect on the relative rates (table II).
The one cohort which showed some differences in

social class distribution compared with the other
cohorts was that of men with injuries. There was no
obvious divergence in the incidence of hospital admis-
sions and death between this cohort and the other
cohorts for the conditions studied except for cardio-
vascular disease. Therefore, with this exception, a
strong social class influence on our results seems
unlikely, but other differences between the cohorts in
aspects of lifestyle remain a possibility.
Our study included only men who underwent vasec-

tomy on an inpatient or day case basis. The comparison
cohorts include an unknown proportion of men who
actually had a vasectomy outside hospital. or in other
geographical locations. This would reduce the power
of the study, at least a little, to detect real differences
between the cohorts. Many of the men in this study had
a vasectomy in the '70s, and at that time in this region
we believe that the decision to give a vasectomy on
an inpatient, day case, or outpatient clinic basis was
influenced more by the preferences of the surgeon than
the condition of the patient. In so far as patients may
have been selected for an inpatient rather than a clinic
operation because of ill health, this would have been

likely spuriously to increase rather than reduce admis-
sion rates for subsequent disease in the vasectomy
cohort.

INCIDENCE OF TESTICULAR CANCER

Our main aim was to address the possibility that
vasectomy might increase the incidence of testicular
cancer. 11-13 15 16 We included lymphomas and leukaemias
as "dummy" cancer outcomes in case the interpreta-
tion of findings on testicular and prostatic cancers
needed comparison with other cancers not considered
to be associated with vasectomy. Our numbers are
small but they do not suggest any increase in the risk
of any of the cancers studied.
The incidence of testicular cancer peaks in men in

their 30s, and it is the most common cancer in men in
this age group.2" Strader et al reported an association
between vasectomy and testicular cancer in a case-
control study undertaken by telephone interviews in
the United States." The association was restricted to
Catholic men. The authors considered that the most
plausible explanation for their findings was selective
underreporting of vasectomy by Catholic controls but
suggested that further studies should be undertaken.
Thornhill et al and Cale et al have reported an increased
incidence of testicular cancer shortly after vasectomy
but suggested that the tumours were probably present
at the time of operation.'2 13 A record linkage retro-
spective cohort study in Scotland and two case-control
studies have reported no increase in risk of testicular
cancer after vasectomy.2426 In our study the incidence
of testicular tumours in men with a vasectomy was
about half that of the comparison group, but this was
not significant. If sustained in larger studies possible
explanations would include self selection for vasec-
tomy by men with characteristics associated with a low
risk of testicular cancer; the possibility that occasion-
ally men may be found to have a tumour when they
present for vasectomy, that the vasectomy is not
undertaken, and thus that the population ofmen with a
vasectomy could be "diluted" with respect to testicular
tumours; and even the possibility that vasectomy
might protect against testicular tumours, perhaps
through enhanced immunological surveillance.

INCIDENCE OF PROSTATIC CANCER

The incidence of prostatic cancer is low in young
men and increases steeply with age-for example, it is
more than 10 times more common in men aged 75-79
than in men aged 55_59.23 Sidney reported a relative
risk of 1-0 (95% confidence interval 0 6 to 1 7) in a
retrospective cohort study with an average of three to
four years of follow up.27 While we too found no cause
for concern, large studies with considerably longer
periods of follow up than those yet available may be
needed to study definitively the effect of vasectomy on
the incidence of prostate cancer.

INCIDENCE OF OTHER CONDITIONS

An increase in renal stone formation associated with
vasectomy has been suggested.28 There was no evi-
dence for this in our data, at least in terms of people in
hospital with this condition. There was also no indi-
cation of an increased risk of the conditions studied
which may have an autoimmune component. Several
studies have reported no increase in the risk of
cardiovascular disease after vasectomy.56-1'"( In our
study the incidence of myocardial infarction after
vasectomy was similar to that in the comparison
cohorts. Men with a vasectomy had a lower incidence
than the comparison groups of other manifestations of
ischaemic heart disease, hypertension, and stroke; but
only in the case of other ischaemic heart disease was the
rate significantly lower. This may in part represent the
effect of patients' self selection for vasectomy.
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CONCLUSION

In summary, in this study population after follow up
ofan average of 6 6 years for the men with a vasectomy,
we found no evidence to support the hypothesis that
vasectomy leads to an increase in the incidence of the
various diseases studied. In particular, we found no
evidence of an increase in the incidence of testicular
cancer.
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Melanoma in people aged 65 and over in Scotland, 1979-89

Pamela M McHenry, David J Hole, Rona M MacKie

Abstract
Objective-Detailed analysis of primary cutaneous

melanoma first diagnosed in Scotland in patients
aged 65 and over.
Design-Comparison of changing incidence, sex

distribution, site, histogenetic type, tumour thick-
ness, and prognosis of all primary cutaneous
melanomas in patients aged 65 and over diagnosed in
Scotland in the 11 years 1979-89 with similar data for
patients aged under 65.
Setting-Data were obtained from the Scottish

Melanoma Group's database, established in 1979,
which aims to record detailed clinical, pathological,
and surgical foliowup details ofall primary cutaneous
melanomas registered in Scotland.
Patients- 1430 patients (954 women, 476 men)

aged 65 and over; comprising over a third of the 3903
patients with primary melanoma recorded for all age
groups in Scotland during this period.
Results-The overall incidence of melanoma

in patients aged 65 and over increased from
12*2/100 000 in 1979 to 20*7/100 000 in 1989, with the
greatest increase seen in older men, from 7 8/100 000
in 1979 to 18-0/100000 in 1989. The site most
commonly affected was the face in both men and
women (33% of all tumours). The most common
histogenetic type was superficial spreading melanoma.
526 patients (37%) had melanomas with a tumour
thickness of3 5 mm or greater in the older age group,
compared with 453 patients (18%) in those aged
under 65. The highest proportion of thick tumours
was seen in older men. Five year survival figures for
616 patients diagnosed between 1979 and 1984 were
88%, 66%, and 47% for thin, intermediate, and thick

tumours respectively. Overall five year survival for
the older age group was 64% compared with 78% for
the younger age group.
Conclusion-The increase in melanoma in the

elderly and the high proportion of thick tumours,
especially in men, require a specific educational
programme for both primary and secondary pre-
vention directed towards the older population.

Introduction
The incidence of cutaneous melanoma is rising

steadily. Melanoma is a solid tumour that can affect all
age groups, and the median age world wide at presen-
tation is 48 years. The most important prognostic
factor in primary melanoma is the tumour thickness as
measured microscopically from the granular layer of
the overlying epidermis to the deepest underlying
malignant melanoma cell.2 Recently several public
education exercises have been aimed at secondary
prevention of melanoma, particularly in younger
people. Our impression in our pigmented lesion clinic
in the west of Scotland was that younger members of
the public were becoming better informed about
melanoma and seeking advice earlier about thinner
tumours, leading in turn to a better prognosis, but in
the over 65s many patients were still not aware of the
signs of early melanoma. We also had the impression
that older patients were not seeking medical treatment
until their melanomas were relatively thick.
A current concept of melanoma in elderly people is

that it is mainly of the lentigo maligna melanoma type,
and is a slowly growing non-aggressive tumour. This
image was inconsistent with our own experience. For
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