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Paternal preconceptional radiation exposure in the nuclear industry
and leukaemia and non-Hodgkin's lymphoma in young people. in
Scotland

LJ Kinlen, K Clarke, A Balkwill

Abstract
Objective-To determine if a relation exists

between paternal exposure to relatively high levels of
radiation in the Scottish nuclear industry and the risk
of leukaemia and non-Hodgkin's lymphoma in sub-
sequently conceived children.
Design-Matched case-control study with three

controls for each case.
Setting-The whole ofScotland.
Subjects-The fathers of 1024 children with

leukaemia and 237 children with non-Hodgkin's
lymphoma diagnosed in Scotland below the age of25
among those born in Scotland since nuclear opera-
tions began (in 1958) and the fathers of3783 randomly
chosen controls. The fathers of 80 children with
leukaemia and 16 with non-Hodgkin's lymphoma in
north Cumbria were also covered since some
workers at one Scottish nuclear site live over the
border in that area. Details of all fathers were then
matched against records ofthe nuclear industry.
Main outcome measures-Paternal preconcep-

tional radiation exposures, particularly relatively
high levels, both lifetime and in the six and three
months before conception.
Results-No significant excess was observed in

any subgroup and there was no significant trend:
fathers of three controls but no cases were exposed
to lifetime preconceptional levels of 100 mSv or
greater (Fisher's exact p value 0.84). In the six
months before conception, fathers of two cases
and three controls received 10 mSv or more, odds
ratio 2-3 (95% confidence interval 0-31 to 17.24). In
the three months before conception the fathers of
one case and two controls received 5 mSv or more,
odds ratio 1-7 (0.10 to 30 76). The results for
leukaemia and non-Hodgkin's lymphoma combined
were similar.
Conclusion-No significant excess of leukaemia

or of leukaemia and non-Hodgkin's lymphoma was
found at any radiation level in any preconceptional
period.
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Introduction
An unexpected association has been reported

recently between high paternal radiation doses in the
nuclear industry (at Sellafield) before conception and
subsequent leukaemia and non-Hodgkin's lymphoma
in young people.' Any test of this hypothesis requires
the identification, among the records ofmen employed
in the nuclear industry, of the fathers of affected (and
control) children. In practice this involves tracing the
dates of birth of many fathers of these children many
ofwhom died some years ago. In most of Britain this is
far from straightforward, but in Scotland it is facili-
tated by the inclusion of additional details in birth and
marriage registration records. We therefore investi-

gated by a case-control study covering the whole of
Scotland the possible relation between paternal pre-
conceptional radiation in the Scottish nuclear industry
and subsequent leukaemia and non-Hodgkin's lym-
phoma in young people.

Methods
CASES OF LEUKAEMIA AND NON-HODGKIN S LYMPHOMA

Details were provided by the Scottish Cancer
Registration Scheme of cases of leukaemia and non-
Hodgkin's lymphoma in the period 1958-90 among
people aged under 25 who were born in or after 1958,
the year in which nuclear operations began in Scotland.
In addition, details of deaths from these causes were
obtained from the registrar general and the names of
the individuals concerned were then determined in
Register House, Edinburgh. In this way, individuals
who were not represented in the incomplete early years
of the cancer registration scheme could be covered.
These formed the principal study group, and in
addition an attempt was made to cover two much
smaller groups: children born in Scotland but whose
disease was diagnosed outside, and cases in north
Cumbria.
Complete ascertainment of cases of these malignan-

cies diagnosed in England and Wales in the relevant
calendar period and age group among individuals who
were born in Scotland was not possible, but we
included cases known from the nationwide datasets
held by the Oxford Survey of Childhood Cancer and
the Childhood Cancer Research Group. Some addi-
tional cases were found by searching records of deaths
from childhood cancer in England and Wales which,
since 1968, have indicated country of birth.

Inclusion of cases of leukaemia and non-Hodgkin's
lymphoma among individuals who were born in or
after 1958 in England in the Carlisle, Eden, and
Allerdale districts of north Cumbria was prompted by
the fact that part of the workforce of the Chapelcross
nuclear power station lives over the Scottish border in
north Cumbria. Cases in this area were ascertained
through the Childhood Cancer Research Group, from
death registrations, and through the Northern Young
Persons' Malignant Disease Register.

SELECTION OF CONTROLS

Birth registration details were sought for the cases
who were born in Scotland. For each birth certificate
traced for a case child and which was associated with a
paternal name, three control births of the same sex in
the same county were chosen as follows. All the birth
registers in the relevant county were examined (in a
fixed order) to determine the numbers of births
registered in the county and year in question (cities
being treated as counties). In this way each birth in the
county could be identified by a unique number. Three
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random numbers were then generated, not exceeding
the total number of births in the county concerned,
each leading to a specific birth entry which identified a
potential control for a given case. (In north Cumbria,
controls were chosen using random numbers from
within the Carlisle and Penrith birth registers.) If the
entry selected concerned a child of inappropriate sex or
without a named father, the first suitable control was
chosen from the following entries. Similarly, if a
control was found to be already in the study as a case or
as a control, that selection was replaced by another. As
a result no child with leukaemia or non-Hodgkin's
lymphoma diagnosed in Scotland could be selected as a
control. At a later stage, an opportunity was provided
for all control children to be checked against the
Scottish NHS Central Register. This enabled any
control child diagnosed with leukaemia or non-
Hodgkin's lymphoma since 1970 after moving to
England or Wales to be identified (and excluded). This
exercise also allowed control children who died before
the age at diagnosis of their matched case to be
identified; these were replaced by the next eligible
entry in the birth register.

TRACING PATERNAL DETAILS

We attempted to trace the paternal dates of birth of
all case and control children, utilising the fact that in
Scotland (uniquely in Britain) the birth certificate
includes a reference to details of marriage (if any). In
this way, paternal age at marriage could be obtained
from the registration details of the marriage (if this
took place in Scotland), and in turn, the father's date of
birth by tracing his birth registration details (if he had
been born in Scotland). In Scotland, the marriage
certificate shows the names of the parents (including
the maiden name of the mother) of the marrying
couple, just as the birth certificate does for the parents
of the child. Acceptance of a birth certificate as relating
to the man mentioned on a marriage certificate
required the agreement not only of his name but also
the names of both parents and of the maiden name of
his mother.
The fathers of children aged 0-14 at diagnosis were

investigated first and then matched against the records
of nuclear workers (see below). The relevant children
of almost all successfully matched men were born in, or
adjacent to, counties containing nuclear sites. In view
of this, and the laborious nature of the method (at most
three cases and their controls could be dealt with per
hour), paternal details of young people aged 15-24 at
diagnosis, and of their controls, were sought only for
those who were born in the "nuclear" counties of
Caithness, Sutherland, Ayrshire, Dumfriesshire, Fife,
Dumbartonshire, West Lothian, and Edinburgh.

DETAILS OF NUCLEARWORKERS

Details of nuclear workers in Scotland were available
from three sources.

(1) The four sections of the Scottish nuclear industry
cooperated in the study by giving us access to details of
all past and present male employees, hereafter referred
to as nuclear workers. The industry comprises the
Dounreay installation in Caithness (Atomic Energy
Authority); the Hunterston and Torness power
stations in Ayrshire and East Lothian respectively
(Scottish Nuclear); the Chapelcross power station in
Dumfriesshire (British Nuclear Fuels); and the
Ministry of Defence, which includes naval and civilian
employees at the Rosyth naval dockyard in Fife and the
Faslane, Coleport, and Vulcan bases.

(2) The records of certain civilian workers in the
Rosyth naval dockyard who receive only small radia-
tion doses (less than 15 mSv in a year, though in
practice usually much less) are governed by special
provisions under which their radiation records are not

classified with the permanent records of other workers,
and need not be retained for more than three years. In
the event, however, it was possible to cover such
records as far back as 1980.

(3) In addition, the National Radiological Protection
Board holds information about nuclear workers from
the whole of the United Kingdom in the National
Register of Radiation Workers.2 This will be used in a
larger study of parental exposure to radiation and
childhood cancer of which the present study will be a
part. This register served as an independent check on
the previous matching and also allowed some coverage
of industrial radiographers and the employees of
contractors working on nuclear sites since, except on
Ministry of Defence sites, these are not represented in
the records of the nuclear industry described above.

MATCHING

The above file of names and dates of fathers of cases
and controls was matched against similar details of
nuclear workers. We were provided with details of
present and past employees at Hunterston, Tomess,
and Chapelcross. The Atomic Energy Authority and
the Ministry of Defence, however, do not keep records
of their Scottish employees separately. Partly for this
reason, the matching exercise for employees at
Dounreay and of the Ministry of Defence was carried
out with our help in the central records section of those
bodies. All matching was carried out in ignorance of
the case or control status of each individual; paternal
occupational details shown on birth or death certifi-
cates of the children; employment periods of the
nuclear workers; the dates of birth of the relevant
children; and the radiation exposures of the nuclear
workers. Fathers whose date of birth was unknown
were included in the matching exercise. Generous
allowance was made for possible misspelling of sur-
names, incomplete forenames, and errors in parts of
the birth dates. By this approach we aimed, besides
identifying more obvious matches, to produce a series
of possible matches which might then be the subject of
detailed attention.

Possible matches were investigated, particularly
through the national insurance section of the Depart-
ment of Social Security, but also through the NHS
Central Register and the Primary Health Boards. All
available identifying details were used, including NHS
number, addresses, and occupation of our study
subjects, and national insurance number and addresses
held by the nuclear industry. The aim was to obtain
positive grounds not only for regarding a match as
definite but also for rejecting all others; rejection
usually meant determining that the records referred to
separate identified individuals. Similar names were
regarded as successfully matched if the dates of birth
were identical, providing the address and occupation
as given on the child's birth certificate were (at least)
not inconsistent with the nuclear industry records. If
the nuclear employment had ceased before the child's
birth, a place of birth on the child's birth certificate
distant from the nuclear site was allowed if the NHS
Central Register indicated a previous address close to
the nuclear site, consistent with the employment
records. For fathers of unknown date of birth, a match
was accepted if the precise address agreed in the two
sets of records and national insurance records had
excluded confusion with any other individual. Also
accepted were fathers stated on their child's birth
certificate to have an occupation compatible with those
in the Ministry of Defence when their names and
postings agreed with Ministry ofDefence records.
The above procedure was followed in the case of all

Scottish fathers, irrespective of the period of "nuclear"
employment. However, because of the greater
difficulty already described of tracing paternal dates of
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birth in England, possible matches involving north
Cumbrian fathers were pursued only if the possible
"nuclear" employment preceded the relevant birth.
For the same reason, the fathers of cases diagnosed in
north Cumbria were matched against nuclear industry
records irrespective of the child's place of birth. Only
when a match remained possible was the birth certifi-
cate of the child checked to determine whether he or
she had been born in north Cumbria.

CHECKS ON THE MATCHING PROCEDURE

Details of paternal occupation on all birth and death
certificates were carefully examined for any suggested
employment at a nuclear power station, naval dock-
yard, or in the navy in case exposed individuals had
been overlooked. Another check was provided by
matching the file of study subjects against the National
Register of Radiation Workers.2 This register does not
claim to be complete-radiation workers who withheld
their permission are not represented-and, in any case,
any individual matched in this way who had been
employed in the Scottish nuclear industry should have
been identified by our previous matching exercise.

RADIATION DETAILS

For all men for whom a satisfactory match was
made, radiation details were sought. These mainly
referred to exposures in Scotland, though any such
incurred during previous employment in the nuclear
industry in England and Wales would also have been
covered since details are routinely transferred to the
new employer. Radiation details were obtained in the
form of external total annual doses in millisieverts
(mSv) for each year from first employment up to the
time of the study. Detailed monthly doses were then
requested for three consecutive calendar years that
included the six month period before conception of the
relevant child, though this period was not specified in
the request. Any records of neutron exposures were
also obtained. Radiation doses were calculated for the
critical periods proposed by Gardner et al-namely,
the lifetime preconceptional exposure and the six
months before conception.' In addition, we calculated
doses in the three months before conception, in which
it is biologically plausible that any effect on germ cells
would be greatest. The date of conception was taken to
be 38 weeks (266 days) before the date of birth; six
months was taken as 182 days and three months as 91
days.

ANALYSIS

Radiation exposures were analysed by using dose
categories that included those of Gardner and his
colleagues.' The results were calculated by using
conditional logistic regression analysis with the
computer program EGRET,3 which produces esti-
mates of odds ratios approximating closely to relative
risks, together with confidence intervals. When there
were no cases in a particular category, Fisher's exact
test was used on unmatched cases and controls to test a
null hypothesis of homogeneity with the result shown

TABLE I-Leukaemia and non-Hodgkin's lymphoma in Scotland: number of cases by age group and
calendarperiod ofbirth

Leukaemia Non-Hodgkin's lymphoma

Age (years) 1958-70 1971-80 1981-90 Total 1958-70 1971-80 1981-90 Total

04 302 219 164 685 64 26 10 100
5-14 279 145 35 459 84 56 6 146
15-24* 47 6 0 53 31 4 0 35

Total 628t 370 199 1197 179t 86 16 281

*Nuclear counties only: Caidiness, Sutherland, Ayrshire, Dunfriesshire, Fife, Dumbartonshire, West Lothian,
Edinburgh.
t40 Cases identified only from death certificates.
*23 Casas identified only from death certificates.

TABLE ii-Scottish cases of leukaemia and non-Hodgkin's lymphoma
and their controls: numbers by availability ofbirth and paternal details

Cases

Non-Hodgkin's
Leukaemia lymphoma Controls Total

Diagnosed in Scotland 1197 281 NA 1478
Birth certificate traced

in Scotland 1050 243 NA 1293
Known paternal name 1024 237 3783 5044
Paternal date of birth

traced 875 202 3220 4297

NA=Not applicable.

as a p value. Evidence of a dose-response effect (linear
trend) was examined using a likelihood ratio test.4

Results
A total of 1 197 Scottish cases ofleukaemia and 281 of

non-Hodgkin's lymphoma were investigated, all
diagnosed below age 25 in individuals born after 1957.
Table I shows details of these 1478 cases by age group
and calendar period of birth. In 1293 cases a Scottish
birth certificate was traced so that (when 32 without a
paternal name were excluded) the names of 1261
fathers were available, forming the principal subjects
in this study (table II). Birth certificates could not be
traced for the remaining 185; these would include
name changes on account of adoption as well as births
outside Scotland. For each of the 1261 (case) births
associated with a paternal name, three control
births were chosen at random from the births
registered in the same year and county. When the
controls were checked in the NHS Central Register no
instance was found of leukaemia or non-Hodgkin's
lymphoma in a control diagnosed after the person had
moved to England or Wales, but this procedure
resulted in replacement controls being chosen for 86
controls who died before the age at diagnosis of the
relevant case. In this way, a total of 5044 names of
fathers of cases and controls who were resident in
Scotland at the birth of the children in question were
assembled, 4297 with a date of birth. Added to these
were 12 fathers of children with these malignancies
who, though born in Scotland, had been diagnosed
after moving to England and Wales, together with the
fathers of 80 children with leukaemia and 16 with non-
Hodgkin's lymphoma from north Cumbria, and their
controls: this gave a grand total of 5476 fathers who
were investigated in the personnel records of the
nuclear industry.
Among these 5476 men, 60 were matched definitely

in the records ofthe Scottish nuclear industry and 12 in
those for non-classified workers at Rosyth. Many of
these 72 fathers were exposed to radiation only after the
relevant conception, and only 38 had some preconcep-
tional exposure. Only one match was obtained which
involved a child born in north Cumbria. Another 23
possible additional matches were found in the National
Register of Radiation Workers. None of these men
belonged to the Scottish nuclear industry as defined
above; all had been involved in industrial radiography.
None therefore represented men who had been over-
looked in the previous matching process. Again, most
of the radiation exposure of these 23 men occurred
after conception of the child, and only three definite
matches were found involving preconceptional
exposure. This gave a total of 41 case or control fathers
who were found to have had some exposure to radia-
tion before the conception of the relevant children
(table III). Examination of paternal occupation as
given on the birth certificate (together with associated
checks) produced no instance of a match being over-
looked. Each of the four sections of the Scottish
nuclear industry was represented among the matched
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TABLE III-Details offathers identified in records of Scottish nuclear
industry and the National Register ofRadiation Workers (NRRW)

No with preconceptional
No of radiation exposure
definite
matches Cases Controls Total

Nuclear industry (excluding non-
classified records) 60 11 27 38*

Rosyth (non-classified records) 12 0 0 0
NRRW but not included above (4-20)t 0 3 3

Total > 76 1 1 30 41

*Including 1 from north Cumbria.
tRange given because attempt was made to establish definite matches
only for individuals with preconceptional radiation exposure.

fathers and also among both the cases and controls with
radiation exposures before the relevant conception.
Among the 60 fathers matched with nuclear industry
records, the numbers who had worked at each non-
Ministry of Defence site were approximately in pro-
portion to the size of the total (ever employed)
workforce: 25 at Dounreay, 12 at Hunterston, and
seven at Chapelcross. (The numbers of men ever
employed in Ministry of Defence nuclear work in
Scotland is uncertain, many naval postings there being
short term.) Fifty two of the above matched exactly on
date of birth; of the other eight, for whom a date of
birth had not been traced, five were described as
servicemen on the child's birth certificate, their details
matching with Ministry of Defence records of postings.
In the three others, there was confirmation from the
addresses and other particulars; in two, all three
forenames matched.
Exposure details for the preconceptional period

were traced for all but one of the fathers who were

TABLE IV-Relative risksfor leukaemia inyoungpeople by external ionising radiation dose tofather

Cases Controls Odds ratio (95% Likelihood ratio
Father's exposure (n= 1115) (n=3345) Confidence interval) test (df) p Value

Leukaemia
Before conception:

0 1104 3318 100
Any 11 27 1 26(0 59to3 90) 0 35(1) p=0-55

By dose

Before conception:
0 1104 3318 1 00
0-01-49-99 mSv 9 21 1-32 (0-58 to 3 02)
350mSv 2 6 1-04(021to5-17) 0-43(2) p=0-81

In 6 months before conception:
0 1107 3328 1-00
0-01-4-99 mSv 6 12 1-64 (0 55 to 4 89)
35 mSv 2 5 1-26 (0-22 to 7 19)* 0 81 (2) p=0-67

In 3 months before conception:
0 1107 3329 1 00
0-01-2-49 mSv 6 11 1-84 (0-66 to 5 70)
32-5 mSv 2 5 1-27 (0-22 to 7-26)t 1-15 (2) p=0-56

*Includes father of a control with dose of 5 05 mSv, ofwhich 3 17 mSv was notional.
tIncludes father of a control with dose of 3-92 mSv, ofwhich 3-17 mSv was notional.

TABLE V-Relative risks for leukaemia and non-Hodgkin's lymphoma in young people by external ionising
radiation dose tofather

Cases Controls Odds ratio (95% ILikelihood ratio
Father's exposure (n= 1369) (n=4 107) Confidence interval) test (df) p Value

Leukaemia and non-Hodgkin's lymphoma
Before conception:

0 1358 4077 1 00
Any 11 30 1.11 (0-53to2-33) 008(1) p=0-78

By dose
Before conception:

0 1358 4077 1 00
0 01-49 99 mSv 9 24 1-14 (0-51 to 2 54)
350mSv 2 6 1 02(0-20to506) 0-10(2) p=0-95

In 6 months before conception:*
0 1361 4087 1 00
0-01-4-99 mSv 6 14 1-35 (0 47 to 3-82)
3 5 mSv 2 5 1-25 (0-22 to 7 08)t 0-36 (2) p=0-84

In 3 months before conception:*
0 1361 4089 1 00
0-01-2-49 mSv 6 12 1-64 (0 55 to 4 89)
32 5mSv 2 5 1-26(0-22to7-19)f 0-81 (2) p=0-67

*One father of above 4107 controls excluded (dosage details not available by calendar period).
tlncludes father of a control with dose of 5 05 mSv, ofwhich 3-17 mSv was notional.
tIncludes father of a control with dose of 3-92 mSv, ofwhich 3-17 mSv was notional.

successfully matched with the occupational records.
The exception, the father of a control for non-
Hodgkin's lymphoma, was found in the National
Register of Radiation Workers and had worked in
industrial radiography outside the Scottish Nuclear
Industry from 1956 until 1986, accumulating a lifetime
dose of 233 mSv. However, no dosage details were
available by calendar period and, in particular, not for
the period before the relevant conception (in 1959). He
was included in the lowest lifetime exposure category
(above zero but less than 50 mSv) but he was excluded
from all analyses relating to the three and six month
periods before conception. In addition, the father of
one of the leukaemia controls warrants mention since
the occupation on his child's birth certificate indicated
employment in American nuclear powered sub-
marines. However, the US Navy has informed us that
no record of occupational exposure to radiation could
be traced for this subject.

Table IV shows estimates of relative risk of
leukaemia associated with any radiation exposure (that
is, > 0 0 mSv) before conception. Also shown are the
corresponding values by level of paternal radiation
exposure in three periods before conception-namely,
lifetime and in the six month and three month periods.
No significantly increased risk was associated with any
preconceptional radiation exposure, nor with any level
in any of the three periods considered. There was no
significant dose-reponse gradient. Part of the dose in
the three month period before conception in the record
of the father of one control was notional. If this dose
were omitted, the trend test for leukaemia would be
affected only slightly (p=0-60; for the six month
period, p=0 69). The corresponding data for
leukaemia plus non-Hodgkin's lymphoma are pre-
sented in table V; again, no dose response effect or
significant excess was found at any level of paternal
exposure to radiation.

Details for the preconception dose levels at which
significant excesses of leukaemia have been reported
are given in table VI, namely for lifetime doses of 100
mSv or more and doses of 10 mSv or more in the six
months before conception. These could not be
included in tables IV and V because in those matched
analyses the lack of cases in certain cells precluded
estimation of the odds ratios. The odds ratio for the
lifetime high level risk (0 00, Fisher's exact p value
0 84) and for the six month high level risk (2-30; 95%
confidence limits 0 31 to 17 24) did not significantly
deviate from unity. Also shown are the results of a
matched analysis of four exposure levels for the three
month period before conception: for levels of 5 mSv or
more the odds ratio for leukaemia was 1 73 (0 10 to
30 76).
Few subjects in the study were recorded as having

any neutron exposures before the relevant child was
conceived: 0 4 mSv in each of two cases and 6-4, 9 3,
0-8, 8-2, and 0 1 mSv in each of five controls. One of
these men, the father of a leukaemia control, received
4.94 mSv in the three months before the child was
conceived, of which 1.0 mSv was from neutrons. No
other case or control with neutron exposure was near
the upper limit of any dose category in any period. If,
as has been proposed,0 a higher quality factor (than the
current 10) for neutron exposure had been used, the
effective dose in this subject would have risen from
4 94 to over 5 mSv in this three month period, causing
the odds ratio shown in table VI for this dose level to
fall from 1-73 to 1-07 (95% confidence limits 0 09
to 13-14) and for leukaemia and non-Hodgkin's
lymphoma to 1-06 (0-09 to 12-87).

Discussion
This study of leukaemia and non-Hodgkin's
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TABLE VI-Number of cases and controls and odds ratio or Fisher's exact p value for the highest categories
offather's external radiation exposure (mSv) before conception ofchild

No of No of Odds ratio (95% Likelihood ratio
Father's exposure cases controls Confidence interval) test (df) p Value

Leukaemia
lifetime up to conception:
< 100 mSv 1115 3342
- I00 mSv 0 3 0 00 p=0-84*

In 6 months before conception:
< 10 mSv 1113 3342 1-00
-10 mSv 2 3 2-30 (0-31 to 17-24)t

In 3 months before conception:
<5mSv 1114 3343 1 00
> 5 mSv 1 2 1l73 (0 10 to 30 76)t
0 1107 3329 1-00
0-01-2-49 mSv 6 11 1-84 (0 59 to 5 67)
2 50-4 99 mSv 1 3 1-06 (0-11 to 1025)t
'5mSv 1 2 173 (0 10to3076) 1 22 (3) p=0 75

Leukaemia and non-Hodgkin's lymphoma
In 3 months before conception:

0 1361 4089 1 00
0-01-2-49mSv 6 12 1 47 (0 51 to 4-27)
2 50-4 99 mSv 1 3 1l04 (0O11 to 10 04)t
_5mSv 1 2 1 73 (0l10to3076) 0-63 (3) p=0-89

*Fisher's exact p value.
tOdds ratios and confidence limits for leukaemia and non-Hodgkin's lymphoma are the same.
t#ncludes father of a control with a dose of 3.92 mSv, ofwhich 3 17 was notional.

lymphoma, like the recent Canadian study of
leukaemia,7 found no significant association with
patemal preconceptional exposure to radiation as
reported by Gardner and colleagues.' The latter study,
covering the area near Sellafield, found an odds ratio
(using parish controls) of 8-30 (95% confidence interval
1-36 to 50 56) for these malignancies in the children of
men with a lifetime dose (up to the time the child was
conceived) of 100 mSv or greater. We found three men
in this category, all fathers of controls (odds ratio
0 00), an unlikely finding if the true odds were 8-3
(0-028 is the conditional probability under this
assumption) let alone the higher values of the confi-
dence interval (up to 50 5). Our findings would also
make unlikely a true odds ratio of 5-2, at the upper 95%
confidence limit of our odds ratio. However, if all
available evidence were to be used and our data were
combined with that from the Canadian study (which
found five controls but no cases in this category),7 an
appreciably lower level of risk could be excluded.
Gardner et al reported an odds ratio of 5.0' (later
corrected to 4.55; 1 -08 to 18-78) for leukaemia and non-
Hodgkin's lymphoma in relation to exposures of 10
mSv or more in the six months before conception. (The
period specified suggests greater precision than was
available since the figures were based on a halving of
the estimated dose in the year before conception.) In
our study an odds ratio of 2-30 (0-31 to 17-24) was
found for this dose level as actually recorded in the six
months before conception (table VI).

If patemal radiation had an effect in the six months
before conception, as postulated, it is biologically
plausible that this effect would be greatest in the three
months before conception. For this period our odds
ratio for 5 mSv or more was 1 -73 (0- 10 to 30 76), based
on one case and two controls. The wide confidence
interval of our odds ratio for the six month preconcep-
tional period make it consistent with that in the original
study,' although there the halving of the estimated
dose in the 12 month period introduces a level of
uncertainty. The number of workers exposed to
relatively high levels in our study was small. Indeed,
the potential effects on the odds ratio of minor changes
is indicated by its decline from 1-73 for the high
exposure level in the three months before conception to
1-06 if, as has been proposed,6 a higher quality factor
for neutron exposure than the current 10 had been
used.
The proportion of fathers of controls exposed to

radiation before the child was conceived was much
smaller (08%) in our study than in the original study

(15-9%) or in the recent Canadian study (6O0%). This is
to be expected as the latter studies were conducted in
the vicinity of nuclear facilities whereas we covered the
whole of Scotland. However, the concordant sets, all
unexposed subjects, make no contribution to the
results of these matched analyses, and the differences
are less with respect to the absolute numbers of
exposed fathers of cases and controls. Exposed fathers
of leukaemia cases and controls, respectively, number
11 and 27 in this study, 9 and 45 in the original,' and 6
and 53 in the Canadian study.7 The first two of these
studies primarily concemed nuclear plant workers
whose radiation exposure was monitored by monthly
badge readings. The Canadian study included uranium
miners whose radiation exposure (mainly due to radon)
was until recently monitored differently, so that their
extemal whole body exposures had to be inferred. If
only exposed non-miners in that study are considered,
the numbers are two cases and 31 controls.
A larger study of this subject covering England and

Wales has been started using the databases of the
Childhood Cancer Research Group, the Oxford Survey
of Childhood Cancer, and the National Register of
Radiation Workers.8 Our use of the national register
to check our main findings provides an indication of its
completeness and effectiveness for the larger study. Of
the 60 fathers whom we successfully identified in the
records of the nuclear industry, 47 were also found in
the register, and of the remaining 13, 11 had no
radiation exposure before the conception of the
relevant child. This augurs well for the newly launched
study; its value is underlined by the importance of the
subject and the relatively small numbers of exposed
workers in the present study.
Our study fails to confirm the hypothesis that high

doses of patemal preconceptional radiation can
significantly increase the subsequent risk of childhood
leukaemia. The study's statistical power is limited and
the findings cannot exclude some relation, though they
make it unlikely that the eightfold risk reported to be
associated with high lifetime levels is correct. A
striking aspect of this association found in the study in
west Cumbria is its concentration in Seascale,' though
most men who work at Sellafield live outside this
parish. Suggested altemative explanations for the
excess of leukaemia and non-Hodgkin's lymphoma in
Seascale include an unidentified chemical leukaemo-
gen'° and an (infective) epidemic promoted by the
unusual population mixing in an isolated area of high
social class," though support from other studies exists
only for the latter hypothesis."'-" But if the present
study and the Canadian work fail to confirm the
claimed relation with patemal preconceptional radia-
tion they equally raise questions about the nature of the
unexpected association in the original study.' This
might reflect the throw of chance or an indirect relation
between patemal radiation exposures and the true
cause.
Even if patemal radiation were a genuine cause of

childhood leukaemia it could not explain the Seascale
excess. Of the 11 cases of leukaemia and non-
Hodgkin's lymphoma in Seascale the fathers of only
two have so far been reported to be associated with the
lifetime extemal levels (100 mSv or more) before
conception of the relevant child that Gardner and his
colleagues linked to an excess of childhood leukaemia
(a third case had been included inappropriately among
the Seascale cases'6). An additional two cases would
qualify for inclusion if the high level category were
redefined after inspection of the data as >90 mSv.
Attention has been drawn to the lack of information
about any patemal radiation on three Seascale cases
outside the original case-control study,'7 and this also
applies to the two subsequently recorded cases. 'I It has
recently been shown that four of these five cases were,

BMJ VOLUME 306 1 MAY 1993 1157



like one of the cases in the case-control study,' not
associated with appreciable paternal radiation before
conception.'8 The hypothesis therefore originated
largely in a subgroup of the cases that aroused the
concem which led to the study. It is well known that
hypotheses based on subgroups are often unreliable.
The findings provide little support for a relation

between patemal preconceptional radiation and subse-
quent leukaemia and non-Hodgkin's lymphoma in the
offspring. Indeed, if considered with the findings of
studies of radiation workers in Canada7 and of atomic
bomb survivors9 they weigh against such a relation.
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Effects ofcomputer generated reminder charts on patients'
compliance with drug regimens

D K Raynor, T G Booth, A Blenkinsopp

Abstract
Objective-To investigate whether a reminder

chart improved patients' compliance with their drug
regimen after discharge from hospital.
Design-Patients were randomly allocated to one

of four groups. Two groups received the reminder
chart: one also received routine counselling from a
nurse and the other received structured counselling
from a pharmacist, which included an explanation of
the reminder chart. The other two groups received
only counselling, either from a nurse or from a
pharmacist. Patients were visited about 10 days
later: they were questioned about their drug
regimen, and their compliance was measured by
tablet counting.
Setting-The pharmacy in a district general

hospital and patients' homes.
Patients-197 patients being discharged from

hospital who were regularly taking two or more
drugs.
Intervention-An individualised reminder chart,

which listed each person's medicines and when they
were to be taken and was automatically generated by
a medicine labelling computer.

Main outcome measures-Patient's compliance
with and knowledge oftheir drug regimen.
Main results-Of the patients who received the

reminder chart, 83% (95% confidence interval 740/o to
90%) correctly described their dose regimen com-
pared with 47% (37% to 58%) of those without the
chart (p<OOO1). The mean compliance score was
86% (81% to 91%) in both groups not given the
reminder chart; 91% (87% to 94%) in the group given
the chart without an explanation; and 95% (93% to
98%) in the group given the chart and an explanation.
A mean compliance score of > 85% was achieved by
63% (53% to 73%) of patients without a reminder
chart and by 86% (78% to 93%) ofthose receiving the
chart (p<0.001).
Conclusions-An automatically generated

reminder chart is a practical and cost effective aid to
compliance.

Introduction
Patients often have poor knowledge of their pre-

scribed drug regimen and so do not comply fully with
it.' 2 Well designed reminder charts can help with
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