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Background Selecting appropriate controls for studies of genetic variation in case
series is important. The two major candidates involve the use of
blood donors or a random sample of the population.

Methods We compare and contrast the two different populations of controls
for studies of genetic variation using data from parents enrolled in
the Avon Longitudinal Study of Parents and Children (ALSPAC). In
addition we compute different biases using a series of hypothetical
assumptions.

Results The study subjects who had been blood donors differed markedly
from the general population in social, health-related, anthropomet-
ric, and personality-related variables. Using theoretical examples,
we show that blood donors are a poor control group for non-genetic
studies of diseases related to environmentally, behaviourally, or so-
cially patterned exposures. However, we show that if blood donors
are used as controls in genetic studies, these factors are unlikely to
make a major difference in detecting true associations with rela-
tively rare disorders (cumulative incidence through life of <10%).
Nevertheless, for more common disorders, the reduction in accuracy
resulting from the inclusion in any control population of individuals
who have or will develop the disease in question can create a
greater bias than can socially patterned factors.

Conclusions Information about the medical history of a control and the parents of
the control (as a proxy for whether the control will develop the dis-
ease) is more important with regard to the choice of controls than
whether the controls are a random population sample or blood donors.

Keywords ALSPAC, blood donors, genetic studies, case-control studies,
methodology

Introduction
Choice of the optimum control group is important for
genetic, biochemical, or other assay-based association
studies involving case collections of a particular dis-
ease. For example, at a time when case series may test

500 000 genetic variants and many thousands of
values of data relating to gene-expression and/or
metabolomic, epigenetic, or proteomic factors simul-
taneously, with the inherent cost of this, there is the
temptation to use a multi-purpose set of controls so
that, once typed, they can be compared with a variety
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of different case series. A technically easy option is to
use blood donors. Many examples of the use of blood
donors as controls in the study of genetic variants1–3

and other blood markers4–6 exist in the literature.
However, in using blood donors as controls, it is
tacitly assumed that blood donors are representative
of the population from which are drawn the case
series for which they are to serve as controls. We
investigated the differences in a population of pro-
spective parents enrolled between 1990 and 1992 in
the Avon Longitudinal Study of Parents and Children
(ALSPAC), a study designed to determine how inter-
actions between genotypes and environmental factors
influence health and development, to identify differ-
ences between those who had donated blood and
those who had not.

In Britain, the published guidelines of 1989 for
blood transfusion services in the United Kingdom7

state that blood donors should appear healthy and
range in age from 17–65 years; their medical history
should be assessed to identify persons who should be
permanently excluded (e.g. persons with circulatory
disorders, drug allergy, diseases of the central ner-
vous system, diseases of possible viral or auto-
immune origin, chronic renal disease, and significant
chest disease); among those to be temporarily
excluded were persons who had recently had an in-
fectious disease (for whom the time of exclusion
varied from 2 years for infectious mononucleosis to
the end of a course of antibiotic therapy for a sore
throat), a minor or major accident (exclusion for 3–6
months), individuals taking most medications, and
pregnant individuals (excluded until 1 year after
delivery), among many others. The guidelines also
specified that on presentation for blood donation,
an individual’s haemoglobin (Hb) level was to be
measured and that women with an Hb <12.5 g/dL
and men with an Hb <13.5 g/dL were to be excluded
from blood donation. Individuals weighing <41 kg
were also to be excluded.

Given such permanent and temporary exclusions, as
well as confounding by other factors related to
becoming a blood donor, it would be expected that
blood donors would be less prone than average to
infections, autoimmune diseases, asthma, and aller-
gies to drugs, and would be less likely to be smokers.
Additionally, women who had had a number of preg-
nancies would be less likely to be blood donors. In our
study we assessed social, medical, and familial differ-
ences between persons who had and those who had
not given blood.

Methods
ALSPAC began by enrolling pregnant women resident
in Avon, UK, who were willing to take part in the
study (an estimated 80–85% of the eligible popula-
tion).8 Criteria for eligibility were an expected date
of delivery between 1 April 1991 and 31 December

1992. During pregnancy, prospective mothers in
ALSPAC received a variety of different questionnaires
that they completed in their own homes and posted
back to the study headquarters. The information, al-
though anonymised, has been linked to other infor-
mation from the same mothers and their partners.
The partners were contacted via the mothers, who
were asked to invite them to take part in ALSPAC
and to give them a questionnaire to complete if they
were willing to do so. In all, 14 541 women completed
at least one questionnaire, and more than 10 000 of
their partners did so.9 For the present analysis, we
restricted the sample to those of white ethnicity
aged 18 years and older.

Members of this study sample were asked, during
pregnancy, whether they had ever donated blood, to
which 29.4% of 12 350 mothers and 34.1% of the 8426
partners responded positively. Categorisation of par-
ental education was based on the highest level of aca-
demic achievement (with five categories ranging from
no education to a university degree or equivalent);
social class of their current or most recent occupation
(with five categories10 ranging from I, for higher pro-
fessional, to IV/V, for semi-skilled and unskilled
manual); place of residence at the time of the re-
spondent’s birth [Avon (the study area) or not]; and
parity (the number of previous pregnancies resulting
in a live or still-birth).

Medical histories of the individuals in the study
sample, and of their natural parents, were obtained
through specific questions.9 In addition, the individ-
uals were asked for their perception of their own
health (using a four-point scale with the categories
of always well; usually well; sometimes unwell;
often unwell). The women in the study sample were
asked to make this assessment for the time before
they became pregnant. The personality of each indi-
vidual in the sample was assessed on the basis of the
answers to 36 questions from the Boyce and Parker
Interpersonal Sensitivity Scale11 for the five domains
of interpersonal awareness, need for approval, separ-
ation anxiety, timidity, and fragility of the inner self.
An individual participant’s height and weight (before
pregnancy for prospective mothers) were those re-
ported by the individual (a woman’s reported height
was more likely than a man’s to be accurate because
it would have been measured during her prenatal
care).

Given the age limits on blood donation in the 1989
UK guidelines, and taking into account the probability
that women who were 17 years old at delivery would
have been too young to be donors or would already
have been pregnant and therefore excluded from
blood donation, we confined our analyses to persons
aged 18 years and older. Only 4–5% of the individuals
enrolled in the study were non-white. This group was
less likely to have donated blood (16.8% of non-white
women and 25.4% non-white men had ever donated
blood, compared with 29.4% and 34.1% of white
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women and men respectively); the numbers were too
small for valid analysis by the time the groups were
split into specific ethnic minority groups. We there-
fore restricted our analysis to the white European
population. In terms of our findings, this makes any
differences between people who do and do not donate
blood a conservative estimate, although many genetic
epidemiology studies would also be likely to restrict
cases and controls to members of a single ethnic
group.

Statistical analyses
For unadjusted analyses, chi-square tests and logistic
regression were used with categorical variables, and
t-tests with continuous variables using SPSS v.12.0.1
(SPSS Inc., Chicago, IL, USA). Binomial probability
tests using STATA v. 9.2 were employed to assess
the number of values of P < 0.05 observed as

compared with the number of such values expected
if we assumed that the null hypotheses were valid.
For these two groups (the 24 parental medical
histories and the 52 associations with medical his-
tories) we additionally used a cut-off value of
P < 0.001. We did not do a correction for multiple
testing because our analysis was conducted with
the purpose of looking at the number of nominally
statistically significant differences compared with
the expected number, rather than identifying those
factors that were least likely to have occurred by
chance.

Results
Demographic effects
Table 1 shows the prevalence of blood donation for
both parent groups. There was a strong relationship

Table 1 Prevalence and unadjusted odds ratio (OR) of having given blood by selected demographic factors:

Women Men

% (n) blood Donors OR [95% CI] % (n) blood donors OR [95% CI]

Highest educational qualification

4 CSE (lowest) 15.0% (303) 1.00 Reference 24.0% (297) 1.00 Reference

Vocational 20.9% (223) 1.49 [1.23, 1.81] 25.1% (172) 1.06 [0.85, 1.31]

O level 29.4% (1162) 2.35 [2.04, 2.71] 31.7% (835) 1.47 [1.26, 1.72]

A level 40.2% (1042) 3.80 [3.29, 4.40] 42.6% (747) 2.35 [2.00, 2.76]

University degree (highest) 47.7% (705) 5.15 [4.40, 6.04] 50.0% (557) 3.16 [2.65, 3.76]

P<0.0001 P<0.0001

Social class (based on mother’s occupation)

IV, V Manual semi-skilled 21.6% (232) 1.00 Reference 26.1% (183) 1.00 Reference

III Manual 19.2% (134) 0.86 [0.68, 1.09] 28.2%(122) 1.11 [0.85, 1.45]

III Non-manual 30.2% (1213) 1.58 [1.34, 1.85] 33.0% (890) 1.40 [1.16, 1.68]

II Professional 40.6% (1196) 2.47 [2.10, 2.91] 43.1% (906) 2.14 [1.71, 2.59]

I Higher professional 51.3% (284) 3.81 [3.05, 4.75] 51.8% (212) 3.05 [2.36, 3.94]

P<0.0001 P<0.0001

Parity of mother (no. of previous births)

0 32.7% (1575) 1.50 [1.23, 1.82] 35.6% (1231) 1.18 [0.93, 1.49]

1 30.9% (1206) 1.38 [1.13, 1.69] 34.7% (872) 1.13 [0.89, 1.44]

2 29.1% (446) 1.27 [1.02, 1.57] 37.0% (365) 1.25 [0.97, 1.62]

3þ 24.5% (145) 1.00 Reference 31.9% (114) 1.00 Reference

P < 0.001 P¼ 0.533

Place of birth

Avon 25.6% (1467) 1.00 Reference 29.2% (1083) 1.00 Reference

Not-Avon 37.1% (1933) 1.71 [1.58, 1.86] 41.1% (1588) 1.69 [1.53, 1.86]

P < 0.0001 P < 0.0001
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between blood donation and level of academic
achievement, with a higher level of academic achieve-
ment correlating positively with a greater likelihood of
ever having given blood. With regard to social class,
parents in the manual semi-skilled (IV) and unskilled
(V) groups were considerably less likely to have given
blood than those in the non-manual groups. For
women, increasing parity was inversely correlated
with a likelihood of having previously given blood.
However, parity was not associated with womens’
partners’ likelihood of having given blood. Parents
who had been born in Avon (the study area) were
much less likely to have given blood than those
who had been born elsewhere but were currently resi-
dent in Avon.

Health factors
Table 2 compares anthropometric and personality
measures of blood donors and non-donors.
Individuals who were blood donors were on average
taller and heavier than those who never donated.
Personality traits also showed differences in mean
scores for both sexes between those who had and
had not given blood for interpersonal awareness,

need for approval, timidity, and fragile inner self, al-
though women showed a smaller effect size for each
trait than did men (score differences of 0.28, 0.39,
0.34, and 0.12 vs. 0.91, 0.74, 0.69, and 0.39,
respectively).

In general, the more unwell the study participants
rated themselves, the less likely they were to have
donated blood (Table 3). When analysed by medical
condition (Appendix Table 1), women who had a his-
tory of eczema or allergies were slightly more likely to
have given blood, as were men with a history of aller-
gies, indigestion, and haemorrhoids. Both women and
men were more likely to have given blood if they had
less than perfect eyesight, as were men if they
had poor hearing (data not shown). In contrast, a
reduced likelihood of being a blood donor was evident
for hay fever (women), epilepsy (both sexes), febrile
convulsions (men only), migraine (women), kidney
disease (women), drug addiction (both), and severe
depression (women only). Men with alcoholism were
also less likely to have given blood, but the numbers
in this comparison were small. In all, of the 52 ana-
lyses, including the data on hearing, 18 (35%) were
statistically significant at the conventional level of

Table 2 Variation in mean [SD] of continuous traits: blood donors (BD) vs. non-blood donors (NBD)

Women Men

Trait BD NBD P BD NBD P

Anthropometry

Height (cm) 165.0 [6.46] 163.7 [6.73] <0.0001 176.6 [6.65] 175.9 [7.01] <0.001

Weight (kg) 63.11 [10.3] 61.29 [11.2] <0.0001 78.91 [11.3] 77.87 [11.67] <0.001

Personality

Interpersonal awareness 18.54 [4.42] 18.26 [4.80] 0.004 16.78 [4.70] 15.87 [4.91] <0.0001

Need for approval 26.14 [3.15] 25.75 [3.70] <0.0001 25.09 [3.64] 24.35 [4.48] <0.0001

Separation anxiety 16.07 [4.48] 16.48 [4.76] <0.0001 14.74 [4.19] 14.67 [4.39] 0.479

Timidity 20.84 [4.31] 20.50 [4.61] <0.001 19.29 [4.49] 18.60 [4.77] <0.0001

Fragile inner self 8.82 [2.86] 8.70 [2.99] 0.036 8.46 [2.75] 8.07 [2.68] <0.0001

Table 3 Proportion and unadjusted odds ratio (OR) of blood donors among women and their partners by their perception
of their health prior to the study pregnancy

Women Men

% (n) blood donors OR [95% CI] % (n) blood donors OR [95% CI]

Always well 34.8% (1149) 2.32 [1.32, 4.08] 32.0% (1604) 1.23 [0.67, 2.23]

Usually well 30.7% (1898) 1.92 [1.09, 3.37] 30.8% (1631) 1.16 [0.64, 2.11]

Sometimes unwell 19.2% (126) 1.03 [0.57, 1.87] 29.3% (113) 1.08 [0.57, 2.03]

Often unwell 18.8% (15) 1.00 Reference 27.8% (15) 1.00 Reference

PT
1 <0.0001 PT

1
¼0.097

1PT – Result of test for linear trend
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P < 0.05, whereas only 2.6 would have been expected
(P < 0.0001); eight (15%) values of P < 0.001 were
observed, as compared with 0.052 expected
(P < 0.0001).

In regard to the medical history of their natural
parents (Appendix Table 2) 12 conditions were
assessed: 10 (37%) were different at the 0.05 level
including five (21%) at the 0.001 level. In contrast
only 1.2 and 0.024 such differences, respectively,
would have been expected by chance (P < 0.0001).
Individuals were more likely to have given blood if
their parents had a history of coronary heart disease
(both men and women), arthritis (women), cancer
(both), hypertension (both), and type II diabetes
(women). Men were less likely to have given blood
if a parent had a history of alcoholism.

Hypothetical computation of likelihood of
detecting real associations in case–control
studies
Having shown that the likelihood of an individual
giving blood varied with the individual’s background,
medical history, and family history, we sought to

assess the effect that this might have on case–control
studies of the association of these variables with
disease. Table 4 shows the numbers of study par-
ticipants with a candidate genetic marker that one
might expect under various assumptions. In each in-
stance, 1000 cases of disease are compared with 1000
controls for 3 possible frequencies of genotype. The
assumption throughout is that the true odds ratio
(OR) of the disease being associated with the geno-
type is 2.0. We compared the performance of three
types of controls according to a variety of hypothetical
assumptions: (i) the optimal control (representative of
the population but omitting the individuals who have
had, currently have, or will ultimately have the dis-
order); (ii) a random group (representative of the
general population); and (iii) blood donors.

Optimal controls
Assuming that the population of 1000 controls have
not had, do not have, and never will have the disease
for which a genotype association is being investigated,
the numbers of controls who will have a genotype of
frequency (f) 10%, 30%, and 50% will be 100, 300, and

Table 4 Odds ratios of genotype association with cases for different sets of controls, where the ‘true’ odds ratio was 2.0
(number of individuals in control samples shown in parentheses)

Frequency of Genotype in Non-Affecteda

Frequency of Disease
in Population 10% 30% 50%

Cases 100% 181 461 667

Optimal Controlsb 2.0 (100) 2.0 (300) 2.0 (500)

Random controlsc

50% 1.35 (141) 1.39 (381) 1.42 (584)

30% 1.56 (124) 1.60 (348) 1.64 (550)

10% 1.83 (108) 1.85 (316) 1.87 (517)

Differential blood donation Ad,e

50% 1.21 (154) 1.25 (407) 1.27 (611)

30% 1.39 (137) 1.43 (374) 1.47 (577)

10% 1.70 (115) 1.74 (329) 1.77 (530)

Differential blood donation Bd,f

50% 1.52 (127) 1.56 (354) 1.60 (556)

30% 1.72 (114) 1.75 (328) 1.78 (529)

10% 1.90 (104) 1.92 (308) 1.93 (509)

aAssuming 1000 cases are being compared with 1000 controls and that cases are twice as likely to have the genotype than controls
with no disease.
bOptimal controls are individuals who do not have, and never will have, the disease.
cRandom controls are members of the general population, no attention being paid to whether they have the disease or not.
dBlood donors are a sub sample of the general population with various biases.
eAssumes that of individuals with the history of the disease (in past, present or future), 40% will give blood but amongst those
with no such history, only 20% will do so.
fAssumes that of individuals with a history of the disease (in past, present or future), 20% will give blood but amongst those with
no such history, 40% will do so.
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500, respectively. From this, and an OR of 2.0, one
can calculate the numbers of individuals (x) who will
have the genotype according to each frequency. For
example, if f¼ 30%, then

2:0 ¼ x=300½ � � 700= 1000� xð Þ½ �

which gives 6000 – 6x¼ 7x, or x¼ 6000/13¼ 461
This method of calculation gives the number of

cases shown in the first line of Table 4.

Random controls
Calculations for control samples in analyses that in-
clude cases (either in the past, present, or future) of a
disease are calculated as follows: If d is the number of
individuals in the control group with the disease
(past, present, or future) for which a genetic associ-
ation is being examined, then (1000 – d) do not have
the disease. If it is assumed that pd and pn are the
proportions of individuals with and without the dis-
ease who are in the control sample, and that qd and
qn are the proportions of individuals with and without
the disease who have the candidate genotype, then
the number in the control sample expected to
have the genotype will be

e ¼ 1000 � dpdqd þ 1000� dð Þpnqn½ �=

dpd þ 1000� dð Þpn½ �

and the OR is given by

OR ¼ c= 1000� cð Þ
� �

� 1000� eð Þ=e
� �

where c is the number of cases with the genotype.
With this method, the numbers of cases of each geno-

type and disease frequency in the random controls can
be calculated. The results are shown in Table 4. Note
that for each genotype frequency the number of cases
increases with the frequency of the disease in the popu-
lation; conversely, the apparent OR falls with the
frequency of disease. However for each disease fre-
quency, the OR varies only marginally with genotype
frequency.

It is unlikely that a genetic-association study based
on a random control sample would be able to exclude
controls who have, have had, or will have the disease
for which the study is being conducted.

Blood donors as controls
For blood donors we examined two scenarios: (i)
when more donors who have had or are destined to
have the disease for which a genetic association
study is being done give blood (40% vs. 20%); and
(ii) when such individuals are less likely to donate
blood (20% vs. 40%). Calculation of the number of
cases involved will be similar to that used for the
random controls described above. The results are com-
pared in Table 4.

Blood donors show larger than expected numbers of
the genotype for which a disease-association study is
being done if there is an increase in donations by

individuals with the disease (e.g. with a gene fre-
quency of 10% the numbers of affected controls in-
crease from 115 to 154, with a corresponding
reduction in ORs from 1.70 to 1.21). For the second
scenario, in which the affected individuals are less
likely to donate blood, the ORs become larger (from
1.52 to 1.90) as the number of donors with the dis-
ease decreases. Similar changes are shown with dif-
ferent frequencies of the genotype in non-affected
individuals (Table 4).

Controls biased demographically
If it is assumed that a disorder, K, is more prevalent
in shorter individuals, and has prevalences of 4%, 3%,
2%, and 1% in the four quartiles of height in the
general population, the case frequency of K will be
40%, 30%, 20%, and 10% of each quartile.
Accordingly, in a population of 10 000 individuals,
the numbers of those with the disease in the four
height quartiles will be 4000, 3000, 2000, and 1000,
respectively. Comparison of K with random controls
should reveal this.

Suppose also that there is an important genetic vari-
ant that is related to height and is present in 30%,
24%, 18%, 12% of each height quartile. Then the case
collection K of 10 000 individuals should include 2400
individuals (30% of 4000þ 24% of 3000þ 18% of
2000þ 12% of 1000)¼ (1200þ 720þ 360þ 120) with
the genetic variant.

This frequency, when compared with 2100 (30% of
2500þ 24% of 2500þ 18% of 2500þ 12% of 2500)¼
(750þ 600þ 450þ 300) random controls, gives a true
risk ratio of 1.14. However, with the strong bias
among blood-donor controls towards taller individ-
uals, there is little chance of showing the true
effect. Conversely, if the true effect is null but the
genetic trait under consideration is linked positively
to height, the effect with blood donors will give erro-
neously significant results, whereas that with the
random controls will give the true null effect.

Discussion
We believe that the present study is the first to
attempt to define the differences between blood
donors and non-donors using a large data set.
Epidemiologists have long been aware of the need
for appropriate controls for any study of cases, but
this is often the most difficult aspect of study
design. In studies comparing genetic or other blood
markers, there is the added complexity of taking
blood. It is therefore tempting to use, as controls,
samples from blood donors that have been routinely
collected, albeit for a different purpose. This strategy
has been widely used for studies of genetic1–3 as well
as cytogenetic12 and other blood4–6 markers.

In this study we compare individuals who have
donated blood with those who have not within a
population resident in Avon, UK, and who were
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willing to take part in a longitudinal cohort study.
Although reasonably representative of the pregnant
Avon population9 in the early 1990s, the ALSPAC
population does not include infertile individuals
(whether voluntary or involuntary) or the older popu-
lation. The study should therefore not be considered
to provide a comprehensive view of biases among
blood-donors.

Within the ALSPAC study, we have shown that
adults who give blood differ in social class, cognitive
ability (using educational achievement as a proxy),
personality, anthropometry, their medical history
and the medical histories of their parents. Our data
are similar to those in the literature, showing differ-
ential uptake according to occupation13 and higher
levels of education.14 As shown in other studies, pro-
portionately fewer women give blood than men,
and ethnic minorities tend to have a lower rate of
blood donation than majority populations. Because
criteria for blood donation vary across the world,
different biases may occur. Unexpectedly, we found
that individuals who were born and still resident in
the study area were less likely to be blood donors
than those who had moved into the area. If true
nationally, this may have implications for genetic
studies where matching is done by area.

There is some evidence that blood donors tend to have
low self-esteem and give blood in order to improve their
self-esteem.15 We have been able to examine the per-
sonalities of the individuals who were blood donors,
and have shown that they had different personality
traits, particularly in regard to the ‘Need for approval’
scale, which reflects a wish to make others happy and to
ensure that others will like and not reject them.

There is also a strong unexpected association of
blood donation with a family history of several
common chronic diseases (such as coronary heart dis-
ease) in which genetic factors are known to play a
part. This bias in blood donors suggests that there
are, or could be, more genotype differences between
cases and controls than expected by chance. Few stu-
dies have compared genetic markers in different types
of controls, and those studies that have done this
were small and gave negative results.16 The analysis
of the Wellcome Trust Case Control Consortium com-
pared 1500 controls from the 1958 British National
Cohort Study with 1500 blood-donor controls using
a genome wide array and showed very few differences
between markers, although there were more signifi-
cant outliers than would be expected by chance.17

Thus, in general, the distribution of genetic variants
among blood donors shows fewer differences with
non-donors than is found for environmental factors.

Hypothetical calculations
The take-home messages from Table 4 are that when
a real association exists:

(i) The frequency of a genotype in the non-affected
population makes little difference in terms of

the sizes of the ORs that will be demonstrated,
whatever the control type.

(ii) If a family history of the condition, the condi-
tion itself, or the candidate genotype are asso-
ciated with an increased likelihood of the
individual being a blood donor, the ORs that
can be demonstrated will be reduced in com-
parisons with random controls, and vice versa.

(iii) The ORs depend on the proportion of affected
individuals included among the controls; con-
sequently, the rarer a condition, the less impact
control bias will have.

(iv) For common disorders, ORs for associated
genotypes are likely to be greatly
underestimated.

Thus, we have shown in this hypothetical example
that when the true OR of a genotype-related disease
for cases as compared with controls is 2.0, the com-
parison with random or blood-donor controls
approaches 2.0 only if the proportion of the popula-
tion who have ever had or will get the disease is no
more than 10%. Conversely, where there is no real
association of a disease with a genetic variant (i.e.
OR¼ 1.00), the biases inherent in controls may pro-
duce a spurious relationship, although this will be of
relatively small magnitude (data not shown).

Obviously the ideal design for a case–control study
(i.e. the selection of optimal controls) is not generally
feasible unless historic controls are used, with full
details of their medical histories until the time of
death, so that individuals with the disorder being
examined in the study can be excluded. Even with
this, however, one would have to take into account
that individuals dying early may have developed the
disease had they survived, and the same exclusion
would have to have been likely in the case series
(i.e. individuals would have died before becoming
cases of the disease). One way around this involves
the definition of a ‘case’ by using the diagnosis of a
disease within a specific age window, in which in-
stance the control sample can validly consist of indi-
viduals in whom the diagnosis was not made within
that window.

From the general computations shown here, it is
clear that both random and blood-donor controls
can be suitable for detecting real associations of geno-
types with relatively rare disorders (e.g. schizophrenia
or Hodgkin’s lymphoma) for which an onset before
middle age ensures that a population of 50-year-old
persons, for example, would not be likely to develop
the disorder in the future. These controls may not be
satisfactory for particularly common disorders, espe-
cially those of later onset (e.g. hypertension, type II
diabetes) unless there is information on the individ-
uals’ family history of the disorder together with their
own medical history. Exclusion of such individuals
would allow more accurate estimation of true genetic
effects, even though some of the individuals without
a family history of the disorder may develop the
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disorder in the future. For rarer disorders there is no
serious problem with controls selected in such a way
that these exclusions cannot be made.

Choice of controls should ideally be based on the
rule that they should be chosen from the same popu-
lation as the cases, the only distinguishing feature
being ‘caseness’ (in whatever way that is defined
and ascertained). The case series that have been de-
veloped, however, often do not have any coherent
definition of the baseline population from which the
cases have been selected, nor how representative of
the disorder the cases are in general. Thus there
may be major biases both in the individual cases as
well as in their controls.

From these considerations we believe that the key
message emanating from our study is that control
samples chosen as representative of the population
may not be appropriate as comparison populations
for common diseases unless they include information
that will allow the exclusion of individuals who have
developed or will develop the disease. There are also
likely to be biases among cases that differ substan-
tially from the biases within a control sample.
Consequently, control populations without such
basic data will generally not be appropriate for the
study of social, behavioural, and environmental ex-
posures or for the study of gene-by-environment
interactions, or, indeed, for studies of DNA methyla-
tion status where the environment is known to have
strong effects.18 A powerful design would select cases
and controls enrolled in the same (prospective) study.
This would be feasible in large studies, such as the
UK Biobank study.19 However, other issues, such as
the late average age of onset of cases in such cohorts,
and the often lower genetic contribution to disease
risk at older ages, the long time lag to onset, and
the high costs involved need to be considered. For
smaller detailed studies (e.g. the 1958 cohort),20 the
duration of follow up, the accuracy of data, and
the study of relevant traits within the population
will be likely to provide as much (or more) informa-
tion of value for common diseases, and especially for
quantitative disease traits. It is tempting to use con-
trol samples stripped of personal information, since
this overcomes the challenging and costly issue of
protecting confidentiality, but this may be a false
economy in the study of some aspects of common
disease aetiology.
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Appendix Table 1 Proportion and unadjusted odds ratios (OR) of women and their partners who had donated blood by
their medical history

Medical
condition

Women

P

Men

P
% (n) blood

donors OR [95% CI]
% (n) blood

donors OR [95% CI]

Any allergies

Yes 32.1% (1536) 1.11 [1.02, 1.20] 37.9% (993) 1.21 [1.10, 1.34] <0.0001

No 30.0% (1862) 1.00 Reference 0.015 33.5% (1578) 1.00 Reference

Hay fever

Yes 29.4% (1007) 1.00 Reference 36.7% (822) 1.10 [1.00, 1.23] 0.060

No 31.5% (2433) 1.10 [1.01, 1.21] 0.027 34.4% (1725) 1.00 Reference

Indigestion

Yes 31.0% (2390) 1.03 [0.95, 1.12] 36.2% (1692) 1.13 [1.02, 1.25] 0.016

No 30.4% (1050) 1.00 Reference 0.499 33.4% (881) 1.00 Reference

Bulimia

Yes 34.8% (92) 1.12 [0.93, 1.56] 28.1% (9) 1.00 Referencee 0.419

No 30.7% (3348) 1.00 Reference 0.154 35.0% (2361) 1.37 [0.64, 2.97]

Asthma

Yes 29.0% (367) 1.00 Reference 35.3% (334) 1.01 [0.87, 1.16] 0.925

No 31.1% (3073) 1.10 [0.97, 1.25] 0.140 35.1% (2256) 1.00 Reference

Eczema

Yes 32.6% (838) 1.12 [1.01, 1.23] 36.4% (371) 1.07 [0.93, 1.22]

No 30.3% (2602) 1.00 Reference 0.024 34.9% (2197) 1.00 Reference 0.360

Epilepsy

Yes 15.9% (20) 1.00 Reference 23.0% (17) 1.00 Reference

No 31.0% (3420) 2.38 [1.48, 3.85] <0.001 35.3% (2583) 1.83 [1.06, 3.15] 0.027

Febrile convulsions

Yes 27.2% (59) 1.00 Reference 25.0% (37) 1.00 Reference

No 30.9% (3337) 1.20 [0.89, 1.62] 0.241 35.4% (2545) 1.64 [1.13, 2.39] 0.009

Migraine

Yes 28.8% (1398) 1.00 Reference 33.7% (689) 1.00 Reference

No 32.4% (2042) 1.19 [1.09, 1.29] <0.0001 35.7% (1877) 1.09 [0.98, 1.22] 0.109

Back pain

Yes 31.5% (1636) 1.06 [0.98, 1.15] 36.2% (1263) 1.09 [0.98, 1.20]

No 30.2% (1804) 1.00 Reference 0.136 34.2% (1338) 1.00 Reference 0.072

Kidney disease

Yes 26.9% (136) 1.00 Reference 31.8% (49) 1.00 Reference

No 31.0% (3304) 1.22 [1.00, 1.50] 0.048 35.3% (2550) 1.17 [0.83, 1.64] 0.375

Varicose veins

Yes 30.9% (402) 1.00 [0.89, 1.14] 38.6% (81) 1.16 [0.88, 1.54]

No 30.8% (3038) 1.00 Reference 0.946 35.1% (2521) 1.00 Reference 0.297

Haemorrhoids

Yes 32.0% (1177) 1.08 [0.99, 1.18] 41.1% (638) 1.39 [1.24, 1.56]

No 30.3% (2263) 1.00 Reference 0.067 33.4% (1938) 1.00 Reference <0.0001

(continued)
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Appendix Table 1 Continued

Medical
condition

Women

P

Men

P
% (n) blood

donors OR [95% CI]
% (n) blood

donors OR [95% CI]

Rheumatism

Yes 32.1% (155) 1.06 [0.87, 1.29] 33.8% (103) 1.00 Reference

No 30.8% (3285) 1.00 Reference 0.543 35.2% (2468) 1.07 [0.84, 1.36] 0.600

Arthritis

Yes 28.1% (108) 1.00 Reference 33.5% (110) 1.00 Reference

No 30.9% (3332) 1.15 [0.91, 1.44] 0.241 35.2% (2455) 1.08 [0.85, 1.36] 0.536

Psoriasis

Yes 32.4% (129) 1.08 [0.87, 1.34] 34.9% (81) 1.00 Reference

No 30.8% (3311) 1.00 Reference 0.489 35.1% (2451) 1.01 [0.77, 1.33] 0.943

Stomach ulcer

Yes 27.7% (38) 1.00 Reference 31.1% (75) 1.00 Reference

No 30.9% (3402) 1.16 [0.80, 1.70] 0.429 35.3% (2497) 1.21 [0.92, 1.60] 0.177

Pelvic inflammatory disease

Yes 29.7% (81) 1.00 Reference 35.7% (322) 1.03 [0.89, 1.19]

No 30.9% (3359) 1.06 [0.81, 1.38] 0.672 35.1% (2273) 1.00 Reference 0.685

Drug addiction

Yes 16.7% (8) 1.00 Reference 24.4% (22) 1.00 Reference

No 30.9% (3432) 2.24 [1.05, 4.78] 0.033 35.3% (2577) 1.69 [1.04, 2.72] 0.032

Alcoholism

Yes 24.8% (25) 1.00 Reference 24.9% (50) 1.00 Reference

No 30.9% (3415) 1.36 [0.86, 2.14] 0.183 35.4% (2523) 1.65 [1.20, 2.28] 0.002

Schizophrenia

Yes 23.1% (3) 1.00 Reference 18.2% (2) 1.00 Reference

No 30.9% (3437) 1.49 [0.41, 5.41] 0.544 35.1% (2584) 2.45 [0.53, 11.30] 0.239

Anorexia nervosa

Yes 27.8% (64) 1.00 Reference 62.5% (5) 3.09 [0.74, 12.92]

No 30.9% (3376) 1.16 [0.87, 1.55] 0.317 35.1% (2587) 1.00 Reference 0.104

Severe depression

Yes 24.6% (236) 1.00 Reference 31.8% (140) 1.00 Reference

No 31.4% (3204) 1.40 [1.21, 1.64] <0.0001 35.3% (2438) 1.17 [0.95, 1.44] 0.134

Other psychiatric problem

Yes 32.0% (79) 1.06 [0.81, 1.38] 38.1% (48) 1.14 [0.79, 1.64]

No 30.8% (3361) 1.00 Reference 0.694 35.1% (2533) 1.00 Reference 0.479

Eyesight problem

Yes 34.0% (1624) 1.29 [1.19, 1.40] 42.1% (1186) 1.62 [1.47, 1.79]

No 28.6% (1753) 1.00 Reference P < 0.0001 30.9% (1386) 1.00 Reference <0.0001
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Appendix Table 2 Proportion and unadjusted odds ratios (OR) among women and their partners who had donated blood
according to medical history of one or both of their natural parents

Medical history
of parent

Women

P

Men

P
% (n) blood

donors OR [95% CI]
% (n) blood

donors OR [95% CI]

Type I diabetes1

Yes 30.9% (71) 1.00 [0.76, 1.33] 0.992 40.7% (72) 1.28 [0.94, 1.73] 0.116

No 30.8% (3369) 1.00 Reference 35.0% (2543) 1.00 Reference

Type II diabetes2

Yes 35.8% (187) 1.26 [1.05, 1.52] 0.013 32.1% (110) 1.00 Reference 0.229

No 30.6% (3253) 1.00 Reference 35.2% (2505) 1.15 [0.91, 1.45]

Coronary heart disease

Yes 36.1% (519) 1.31 [1.17, 1.47] <0.0001 40.0% (467) 1.28 [1.13, 1.46] <0.001

No 30.1% (2921) 1.00 Reference 34.2% (2148) 1.00 Reference

Stroke

Yes 31.8% (196) 1.05 [0.88, 1.25] 0.608 37.5% (230) 1.12 [0.95, 1.33] 0.190

No 30.8% (3244) 1.00 Reference 34.9% (2385) 1.00 Reference

Hypertension

Yes 33.1% (1234) 1.17 [1.08, 1.27] <0.001 36.9% (791) 1.12 [1.00, 1.24] 0.041

No 29.7% (2206) 1.00 Reference 34.4% (1824) 1.00 Reference

Rheumatism

Yes 32.2% (683) 1.08 [0.98, 1.20] 0.136 37.1% (557) 1.11 [0.99, 1.25] 0.072

No 30.5% (2757) 1.00 Reference 34.6% (2058) 1.00 Reference

Arthritis

Yes 33.1% (1120) 1.16 [1.07, 1.27] 0.001 36.3% (733) 1.08 [0.97, 1.20] 0.172

No 29.9% (2320) 1.00 Reference 34.6% (1882) 1.00 Reference

Cancer

Yes 35.4% (576) 1.27 [1.14, 1.42] <0.0001 37.8% (448) 1.15 [1.01, 1.31] 0.031

No 30.1% (2864) 1.00 Reference 34.6% (2167) 1.00 Reference

Chronic bronchitis

Yes 31.2% (296) 1.02 [0.88, 1.17] 0.825 38.4% (214) 1.16 [0.97, 1.39] 0.094

No 30.8% (3144) 1.00 Reference 34.8% (2401) 1.00 Reference

Alcohol problem

Yes 28.6% (257) 0.89 [0.77, 1.03] 0.127 29.3% (157) 0.75 [0.62, 0.91] 0.004

No 31.0% (3183) 1.00 Reference 35.5% (2458) 1.00 Reference

Schizophrenia

Yes 26.3% (20) 0.80 [0.48, 1.34] 0.391 40.0% (18) 1.23 [0.68, 2.25] 0.490

No 30.9% (3420) 1.00 Reference 35.1% (2597) 1.00 Reference

Depression

Yes 30.1% (884) 0.95 [0.87, 1.05] 0.317 36.6% (657) 1.09 [0.98, 1.22] 0.131

No 31.1% (2556) 1.00 Reference 34.6% (1958) 1.00 Reference

1Insulin dependent diabetes
2Non-insulin dependent diabetes
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