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Abstract
Design—To assess the feasibility of conducting a re-survey of men who are
resident in the United Kingdom 25 years
after enrollment in the Whitehall study of
London Civil Servants.
Methods—A random sample of 401 study
survivors resident in three health authority areas was selected for this pilot study.
They were mailed a request to complete a
self administered questionnaire, and then
asked to attend their general practice to
have their blood pressure, weight, and
height measured and a blood sample
collected into a supplied vacutainer, and
mailed to a central laboratory. Using a 2 ×
2 factorial design, the impact of including
additional questions on income and of an
informant questionnaire on cognitive
function was assessed.
Results—Accurate addresses were obtained from the health authorities for 96%
of the sample. Questionnaires were received from 73% and blood samples from
61% of the sample. Questions on income
had no adverse eVect on the response rate,
but inclusion of the informant questionnaire did. Between 1970 and 1995 there
were substantial changes within men in
the mean blood pressure and blood total
cholesterol recorded, as reflected by correlation coeYcients between 1970 and
1995 values of 0.26, and 0.30 for systolic
and diastolic blood pressure and 0.38 for
total cholesterol.
Conclusion—This pilot study demonstrated the feasibility of conducting a
re-survey using postal questionnaires and
mailed whole blood samples. The magnitude of change in blood pressure and
blood total cholesterol concentrations
within individuals was greater than anticipated, suggesting that such remeasurements may be required at diVerent
intervals in prospective studies to help
interpret risks associations properly.
These issues will be considered in a
re-survey of the remaining survivors of
the Whitehall study.
(J Epidemiol Community Health 1998;52:364–369)

Much of our knowledge of the determinants of
morbidity and mortality in adult life comes
from prospective studies of middle aged
people.1 2 Accumulating data indicate that
blood pressure and blood cholesterol predict

cardiovascular risks in people aged 65 to 74
years. But substantial uncertainty remains
about the strength of these associations,3 4 and
there is even greater uncertainty among any
risk associations among people aged over 75
years.5 There is also a paucity of information
about the impact of socioeconomic advantages
in middle age on disease risk in old age.6
Socioeconomic circumstances are diYcult to
define in old age, because the traditional measures (such as occupation, housing tenure,
access to a car) may be less relevant after
retirement, but information on income may be
more informative.
Risk associations in the elderly based on
exposures measured in middle age are likely to
be complicated by variability over time, comorbidity and concomitant use of medication, all
of which may change exposure levels during
the follow up period. Hence, to obtain reliable
information on these risk associations, and on
changes in exposures over time, prospective
studies may need to collect risk factor data in
middle age and then again in old age. Variability in measurements of exposures (because of
analytic error or within person variation) in
prospective studies, cause a systematic underestimation of the strength of association
between risk factors and disease, referred to as
“regression dilution”.1 7–10 This regression dilution eVect may be particularly relevant in the
long term follow up of prospective studies.
The Whitehall study is a prospective study of
19 019 male London Civil Servants aged
40–69 years when first examined between 1967
and 1970.11 12 About 9000 men have survived
since enrollment about 25 years ago. All are
aged more than 65 years, with 80% aged
between 70 and 84 years, and a median age of
73 years. In preparation for a full re-survey of
these survivors, the present pilot study aimed
to: examine the ability to contact Whitehall
study participants using information supplied
by the health authorities with which they are
registered; determine their response rate to
postal questionnaires, including the separate
impact of additional questions on income and
of questions relating to possible cognitive function (using an informant questionnaire); and
determine their response rate to a request to
attend their general practice for measurement
of blood pressure, weight, and height and for
blood sampling; and to make a preliminary
assessment of the changes in these measurements within individuals during 25 years.
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Number who returned a blood sample

Area of residence
Oxfordshire
Bromley
Lambeth
Current age
<70
70–74
75–79
80–84
>85
Employment grade (1970)
Administrative
Prof/Executive
British Council and Diplomatic Service
Clerical
Other
Smoking status (1970)
Never
Ex-smoker
Pipe/cigar
Cigarette smoker
Income questions
No
Yes
Cognitive impairment questions
No
Yes
Overall

Total number
of subjects

Number who returned a
questionnaire Number
(% of total)

Number
(% of total)

(% of questionnaire
respondents)

106
147
148

92 (87)
111 (76)
90 (61)

84 (79)
97 (66)
65 (44)

(91)
(87)
(72)

63
122
110
66
40

47 (75)
100 (82)
82 (75)
43 (65)
21 (53)

40 (64)
88 (72)
71 (65)
36 (55)
11 (28)

(85)
(88)
(87)
(84)
(52)

40
256
23
47
35

35 (88)
205 (80)
17 (74)
17 (36)
19 (54)

31 (78)
179 (70)
13 (57)
12 (26)
11 (31)

(89)
(81)
(77)
(72)
(58)

94
149
14
144

75 (80)
120 (81)
9 (64)
89 (62)

68 (72)
104 (70)
8 (57)
66 (46)

(91)
(87)
(89)
(74)

201
200

147 (73)
146 (73)

119 (59)
127 (64)

(81)
(87)

202
199
401

154 (76)
139 (70)
293 (73)

137 (68)
109 (55)
246 (61)

(89)
(79)
(84)

Methods
IDENTIFICATION OF PARTICIPANTS

The National Health Service Central Register
(NHSCR) was used to identify health authorities in the United Kingdom in which the
surviving Whitehall study members are currently registered with a family doctor. A total of
600 were lost to follow up either because of
emigration or being unregistered with a family
doctor. The remaining 8400 men were found
to be registered with an address in 96 health
authorities in England and Wales, 141 in Scotland, and 21 in Northern Ireland, with 75%
resident in the 28 health authorities of the
south east region. Three health authorities
were chosen for this pilot study, representing
diVerent socioeconomic areas and a random
sample of 401 study participants not known to
be dead was selected from those registered with
Oxfordshire (106), Bromley (147), and Lambeth, Southwark and Lewisham (148) health
authorities. The health authorities were able to
provide addresses for the study participants
who were registered with a family doctor in
their area. These addresses were screened
using an address enhancement computer software package to verify the accuracy and
Table 2 Mean (SD) values of selected characteristics in 1970 among those who provided
both completed questionnaires and blood samples in 1995 (“compliers”) and those who did
not (“non-compliers”), and values obtained on re-measurement in 1995
1970

completeness of the addresses. Just before
mailing questionnaires, vital status was again
checked with NHSCR to minimise the risk of
causing distress to family members of participants who may have died recently. Ethics committee approval was obtained from the three
institutions involved.
QUESTIONNAIRE MAILING

A request for consent to participate and a self
administered questionnaire was mailed with a
prepaid reply envelope to the random sample
after the final check of vital status with
NHSCR. If a response was not received within
one month, then a second questionnaire was
sent together with a reminder letter. If no
response was received to the first reminder,
then a second reminder letter was sent using
“recorded” delivery. Using “recorded” delivery, the postal service returned a signed
acknowledgement of receipt of the questionnaire to the study oYce. No further reminders
were sent to participants who did not reply to
the second reminder letters. The 16 page questionnaire included questions on medical history, smoking, alcohol consumption, current
medications, housing tenure, central heating,
car access, living arrangements, social support,
activities of daily living, and a self rating of current health.
ASSESSMENT OF INCLUSION OF PARTICULAR

Year of measurement

Compliers* in
1995 (n=246)

Non-compliers in
1995 (n=155)

1995 (n=246)

Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Cholesterol (mmol/l)
Height (m)
Weight (kg)

132 (19)
82 (12)
4.6 (1.3)
1.77 (0.06)
76 (10)

133 (22)
82 (14)
4.5 (1.1)
1.75 (0.06)
74 (10)

131 (17)
81 (12)
5.1 (1.3)
1.73 (0.07)
76 (11)

“Compliers” refers to those subjects in the random sample who both completed a questionnaire
and provided a blood sample in 1995, and “non-compliers” refers to the remainder of the sample
(some of whom may have completed a questionnaire but not provided blood).

QUESTIONS

Half of the participants were randomly allocated to receive three additional questions on
their current sources of income, including their
current net weekly income band, and half were
not. Independently, using a 2 × 2 factorial
design, half of the participants received an
“informant” questionnaire, which they were
requested to pass to a close relative or friend for
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Table 1 Response to requests for questionnaires and blood samples in the pilot resurvey at 25 years of 401 surviving
Whitehall Study participants
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KEY POINTS

x A re-survey of surviving men 25 years
after enrollment in the Whitehall Study of
London Civil Servants was feasible using
postal questionnaires and mailed whole
blood samples.
x Questions on income had no adverse
eVect on the response rate but an informant questionnaire on cognitive function
did.
x The magnitude of change in blood
pressure and blood cholesterol within
subjects was greater than anticipated.
x Remeasurements are required at varying
intervals in prospective studies for appropriate interpretation of risk associations.

COLLECTION OF CLINICAL MEASUREMENTS AND
BLOOD SAMPLES

Upon receipt of a completed questionnaire
from participants, a blood collection kit and a
postcard was sent to them, and they were asked
to attend their general practice. Enclosed
instructions provided asked the general practitioner or practice nurse to measure the study
participant’s blood pressure after five minutes
in the seated position on two occasions, with a
minimum interval of one minute between each
reading, and to record these measurements on
the postcard provided. Participants who had
been randomly allocated to receive an informant questionnaire (see above), were also sent a
questionnaire on cognitive function, which
they were asked to pass to their general practitioner. This involved the GP conducting the
Short Blessed Test14 when measuring the
participants’s blood pressure. All participants
had their body weight and height recorded
without shoes but while wearing normal
clothes. A 10 ml blood sample was then to be
collected into the vacutainer (containing
EDTA and aprotinin), and sent by first class
post in the prepaid transport tube and protective plastic envelope provided (which has been

approved by the Post OYce) to a central laboratory in Oxford.
Blood samples were centrifuged on arrival in
the laboratory, and the plasma was inspected
for haemolysis. A single aliquot of buVy coat
from each participant was stored in liquid
nitrogen for possible future DNA extraction
and analysis. The plasma was divided into
multiple aliquots for each participant, some for
immediate analysis of cholesterol and apolipoproteins using a Beckmann auto-analyser,
and the remainder for storage in liquid
nitrogen. Total cholesterol was measured in
these plasma samples by an enzymatic method
using a Beckmann autoanalyser. (By contrast,

Table 3 Mean values in 1970 and 1995 for quintiles of 1970 measurements together with the ranges and ratio of the
ranges, and the correlation coeYcients of the 1970 and 1995 values
Systolic blood pressure (mm Hg)

Diastolic blood pressure (mm Hg)

Quintiles (based on 1970 values)

Subjects (n)

1970

1995

Subjects (n)

1970

1995

I
II
III
IV
V
Range V–I
Comparison of 1970: 1995
Ratio of quintile ranges
Inverse of correlation coeYcient

63
63
46
38
27
237

112
124
134
145
164
52

142
146
152
149
157
15

65
55
51
37
27
235

68
77
83
90
103
35

78
82
83
82
88
10

3.5
3.8

3.5
3.8

Cholesterol (mmol/l)

Height (m)

Quintiles (based on 1970 values)

Subjects (n)

1970

1995

Subjects (n)

1970

1995

I
II
III
IV
V
Range V–I
Comparison of 1970: 1995
Ratio of quintile ranges
Inverse of correlation coeYcient

55
46
38
57
43
239

3.54
4.44
4.99
5.66
6.96
3.42

5.28
5.35
5.90
5.98
6.25
0.97

50
53
49
44
47
243

1.68
1.74
1.77
1.80
1.86
0.18

1.65
1.71
1.74
1.76
1.82
0.17

3.5
2.6

1.1
1.2
BMI (kg/m2)

Weight (kg)
Quintiles (based on 1970 values)

Subjects (n)

1970

1995

Subjects (n)

1970

1995

I
II
III
IV
V
Range V–I
Comparison of 1970: 1995
Ratio of quintile ranges
Inverse of correlation coeYcient

47
47
53
45
50
242

62.51
70.94
75.93
80.57
90.08
27.57

64.36
71.19
75.47
78.64
87.70
23.34

57
51
44
47
40
239

21.01
23.28
24.72
26.17
28.89
7.88

22.70
24.13
25.09
26.71
28.42
5.72

1.2
1.3

1.4
1.6
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completion, and half were not. This questionnaire involved 19 questions about any apparent
behavioural changes in the study participants
since one year earlier that might reflect a deterioration in the participants’s memory or mental state.13
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Systolic blood pressure (mm Hg)
After exclusion of those receiving blood pressure
lowering medication

After exclusion of prior disease
Quintiles (based on 1970 values)

Subjects (n)

1970

1995

Subjects (n)

1970

1995

I
II
III
IV
V
Range V–I
Comparison of 1970: 1995
Ratio of quintile ranges
Inverse of correlation coeYcient

52
48
33
30
21

112
124
135
145
163
51

142
146
150
149
161
19

57
45
35
25
14

111
124
134
145
164
53

141
146
154
152
163
22

2.7
3.1

2.4
3.0

Total cholesterol (mmol/l)
After exclusion of those receiving lipid lowering
medication

After exclusion of prior disease
Quintiles (based on 1970 values

Subjects (n)

1970

1995

Subjects (n)

1970

1995

I
II
III
IV
V
Range V–I
Comparison of 1970: 1995
Ratio of quintile ranges
Inverse of correlation coeYcient

39
37
34
40
30

3.54
4.45
4.99
5.67
6.78
3.24

5.25
5.50
5.91
6.19
6.49
1.24

47
36
31
44
39

3.54
4.43
5.00
5.66
6.96
3.42

5.30
5.27
5.91
6.05
6.20
0.9

total cholesterol had been measured in 1970 by
a Technicon method using capillary blood
samples collected from an earlobe with a fine
bore tube; as a result, the true values at baseline
were expected to have been underestimated by
about 10%.15 16)
STATISTICAL METHODS

The response rates for receipt of questionnaires
and blood samples were examined by area of
residence, age, employment grade, smoking
status, and whether or not they received
additional questions on income or on cognitive
impairment. To assess the magnitude of
“regression dilution” over the 25 year period
since the baseline survey, respondents were
classified into quintiles according to their 1970
exposure levels and the mean values of these
quintiles were then compared with the mean
values among these same individuals at resurvey in 1995.1 10 The ratio of the diVerence
between the mean values of the highest and
lowest quintile groups in 1970 and in 1995
provides an estimate of regression dilution
during 25 years. So too does the inverse of the
correlation coeYcient between values in 1970
and 1995. Estimates of regression dilution were
made before and after exclusion of those with
concomitant illness (heart attack, stroke, angina or any type of cancer other than skin cancer) or those using any medication that would
lower blood pressure or blood cholesterol
values.10
Results
RESPONSE TO QUESTIONNAIRE

Addresses were obtained for all 401 study participants in the random sample selected from
the three health authorities included in this
pilot study. Based on the response rate to ques-

2.6
2.3

3.8
2.6

tionnaires and the use of “recorded” delivery
for the second reminder letters to nonrespondents, reasonably complete and accurate
addresses were received from 96% of the 401
men in the sample. Completed questionnaires
were received from 293 (73% of the random
sample, table 1). While questionnaires were
received from 55% of the participants after the
initial mailing, they were received after the first
and second reminder letters from a further
12% and 6%, respectively. The response rate
varied in the three health authorities, ranging
from 87% in Oxfordshire, to 61% in Lambeth,
Southwark and Lewisham, which may reflect
socioeconomic diVerences, and it declined
steeply with increasing age. It was higher in
those from the higher socioeconomic groups
(as reflected by employment grade in 1970),
ranging from 88% in the administrative grade,
to only 36% in the clerical grades, and was
lower in men who were current smokers in
1970. The inclusion of additional questions on
income did not seem to aVect the questionnaire
response rate adversely, but the inclusion of
questions on cognitive function did.
RESPONSE TO BLOOD SAMPLE REQUEST

Postal blood samples were received from 61%
of the pilot study population and from 84% of
the questionnaire respondents (table 1). DiVerences in response rates for receipt of blood
samples were similar to those for questionnaires, even when percentages of those who
completed questionnaires are considered. Inclusion of questions on cognitive function
seemed to further reduce the response rate of
participants. Seventy seven per cent of blood
samples arrived within 24 hours and 92%
arrived within 48 hours of being mailed. No
sample was damaged during the post and only
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Table 4 Mean values in 1970 and 1995 for quintiles of 1970 measurements together with the ranges and ratio of the
ranges and the correlation coeYcient of the 1970 and 1995 values, before and after exclusion of those with prior disease or
medication that may change blood pressure or blood cholesterol values
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DIFFERENCES IN SELECTED CHARACTERISTICS OF
RESPONDERS AND NON-RESPONDERS

There were no diVerences in the overall mean
levels when measured in 1970 of systolic or
diastolic blood pressure, total cholesterol,
height, weight or body mass index between
those men in the random sample who completed both a questionnaire and provided a
blood sample in 1995 (“compliers”) and those
who did not (table 2). There was also little
change in the subsample of compliers between
the overall mean values of systolic and diastolic
blood pressure and total cholesterol in 1970
and in 1995.
CHANGES WITHIN SUBJECTS BETWEEN 1970 AND

1995

In contrast with the absence of significant
changes in the overall mean values of systolic
and diastolic blood pressure and of blood total
cholesterol, the mean values in 1995 for quintiles based on 1970 values were substantially
diVerent from their mean values in 1970 (table
3). The ratio of the diVerence between the
upper and lower mean quintiles in 1970 and
that in 1995 was 3.5 for each of systolic blood
pressure, diastolic blood pressure, and total
cholesterol. Similarly, the inverse of the correlation coeYcients between values in 1970 and
those in 1995 were 3.8 for systolic blood pressure, and for diastolic blood pressure and 2.6
for total cholesterol. By contrast, there was
much less regression dilution for height and
weight during the 25 year period. The eVect of
illness on these estimates of regression dilution
bias was examined by excluding the 59 men
(24% of the participants with blood) who
reported a prior heart attack, angina, stroke or
any type of cancer other than skin cancer.
Among the men with no such history, the
inverse of the correlations between 1970 and
1995 were not materially changed: 3.1 for
systolic blood pressure, and 2.3 for total
cholesterol. After excluding the 58 (25%) men
receiving blood pressure lowering medication,
the inverse of the correlation coeYcient was 3.0
for systolic blood pressure and after excluding
42 (18%) men taking lipid lowering medication, the inverse correlation coeYcient was 2.6
for total cholesterol (table 4).
Discussion
This pilot study demonstrated the feasibility of
conducting a re-survey of this study population
after 25 years, with self completed questionnaires obtained from 73% of the sample. The
study confirmed the value of using reminder
letters, which boosted the response rate by
12% after the first reminder and by 6% after
the second reminder letter.
The use of “recorded” delivery established
that 96% of the addresses provided by this system were accurate and that three quarters of
the non-responders received the letters and
were unable or unwilling to reply. The response
rate compares favourably with that of the initial

survey in 1968 to 1970 when 77% responded,
ranging from 58% in the lowest employment
grade to 87% in the senior grades.11
It is not always appreciated that self administered questionnaires require a high rate of
literacy and reading skills. For this reason, the
number of open ended questions had been kept
to a minimum as “closed” questions are easier
to answer, merely requiring the respondent to
recognise an item of information rather than
recall it. Moreover, the cover letter indicated
that respondents could obtain help to complete
the questionnaire. Even so, some of the
non-respondents, or a family member, indicated by telephone to the study oYce that they
still felt unable to complete this 16 page questionnaire. Hence, in the main re-survey nonresponders after two mailings will be sent a
single page questionnaire seeking basic information on medical history, smoking status, self
rating of health, age, and employment grade at
retirement in the civil service.
The quality of mailed whole blood samples
has previously been shown to be adequate for
many biochemical investigations (such as
assays of blood lipids, fibrinogen and plasma
cotinine, and isolation and analyses of
DNA).17 18 General practices were extremely
cooperative, with requests for information on
blood pressure, height, and weight and a blood
sample received from 84% of the study participants who had completed a questionnaire and
were sent a blood collection kit. In view of the
geographical distribution of the study participants throughout the UK, the collection of
whole blood samples by post was a cost
eVective method of obtaining this information.
Using first class post ensured that over 90% of
the samples arrived within 48 hours (with only
two of these samples so haemolysed as to be
unusable).
The response rate in this study compared
favourably with the response rate of 70–75%
obtained by other UK surveys, such as the
General Household Survey, which collected
information on household income using
interviewers.19 20 Some epidemiological studies
have not sought data on income routinely
because of concerns about an adverse eVect on
the response rate. This study, however, indicated that the response rate was unaVected by
asking about the sources of income and the
average net weekly income after tax. By
contrast, seeking information on cognitive
function using an informant questionnaire and
Short Blessed test administered by the GP did
seem to have an adverse eVect on the response
rate for questionnaires and for blood samples.
Consequently, assessment of cognitive function
has been omitted from the main re-survey.
Obtaining accurate current addresses was a
prerequisite for carrying out a re-survey of the
study participants after 25 years. In 1968 to
1970 all of the men were in government
employment in central London within about a
two mile radius of Whitehall.7
Using information obtained from the
NHSCR, the survivors living in the United
Kingdom were found to be registered with a
family doctor in 96 health authorities. For the
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two samples were so severely haemolysed as to
prevent analysis.
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pilot study, current addresses of study participants were obtained manually from three
health authorities and found to be accurate for
96%. But, although health authorities were
extremely cooperative, this method of obtaining current addresses was very time consuming. Hence, computer software has been developed to obtain current addresses from the 96
health authorities for the main re-survey of the
remaining 8400 survivors in the UK.
An important finding from the pilot study,
which is discussed in detail elsewhere,10 was the
magnitude of within person change in blood
pressure and cholesterol values. Regression
dilution after about 26 years in the Whitehall
study was greater than had been anticipated
from previously reported studies with shorter
intervals between re-measurements. This implies that, even after excluding those who had
prior disease or taking relevant therapy, risk
factors measured only in middle age may lead
to substantial underestimates of the strength of
associations with risk in long term follow up of
prospective studies. This study reinforces the
value of replicate measurements of exposures
at periodic intervals during follow up in
prospective studies to obtain reliable estimates
of age specific mortality with risk factors.
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