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ABSTRACT
Background We tested the hypothesis that an additional effort to increase the response rate would
diminish selection bias in a community-based cohort study.
Methods In the Leiden 85-plus Study, all subjects of the town of  Leiden who had reached their 85th

birthday were informed of the study by mail and then asked to participate by telephone. In an additional
recruitment stage, those subjects who did not participate directly were visited and personally asked to
participate. When these subjects refused, some non-response questions were asked. In this way we
collected data on the whole source population.
Results Of 691 eligible elderly subjects, 511 subjects (74%) participated directly. Of those who did
not participate directly, 88 subjects participated after the additional effort. The response rate increased
from 74% to 87%. Compared to the 511 subjects who directly participated, the 88 subjects who
entered the study after the additional effort had poorer health and lower survival. The subjects who
refused were more healthy and had poorer mood. The direct sample did not differ from the source
population with respect to socio-demographics, health, and mortality.
Conclusion We showed that given a moderately high direct response the additional effort was effective
in increasing the response rate, but was also selective and was not necessary to prevent selection bias.
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Introduction
A highly representative sample of participants is no longer considered essential for generalisability in
etiological studies that report risk estimates rather than prevalence estimates1-3. Even a minimum of 80
percent response in follow-up studies is debatable4. Generalisability depends on the ability to abstract
universal scientific hypotheses or theories from a set of observations and not only from the statistical
framework of these observations5,6. However, many studies in the elderly have a public health goal in
addition to more scientific etiological goals. In such community surveys, generating estimates that can be
extrapolated to the general population, representativeness is still very important. Furthermore, it is
essential to include frail elderly subjects in a study to investigate the determinants of and causal relations
with chronic conditions. Refusal to participate due to ill health would surely invalidate results on the
impact of chronic conditions in an elderly population7 .

A high response rate increases the validity of community-based studies, since a low response rate might
lead to selection bias8. The success of the response depends to a great extent on the way eligible
subjects are approached. A high response can be achieved by interviewing and examining elderly
subjects in their homes, since frail elderly subjects are less inclined to visit a study site9. Other effective
strategies to optimise response rates are notification in advance by mail, involvement of expert
researchers, and the prospect of a small gift10. Another possibility to increase response is to approach
eligible subjects who initially declined or did not respond at all11,12. Using these strategies surveys among
the elderly have been conducted resulting in response rates between 60 and 90 percent13-24. Differences
in characteristics and associations between the sample of participants and the source population,
however, frequently remain unknown.

In the Leiden 85-plus Study, a research nurse visited all subjects who did not participate directly after
the first approach by telephone. Through this additional effort more subjects were drawn into the study.
Moreover, the nurse asked a few questions to those who refused to participate to get an impression of
their health and well-being. In this way we collected data from the whole source population. This
provided an excellent opportunity to test the hypothesis that the additional effort to increase the
response rate had diminished selection bias.

Methods
The Leiden 85-plus Study is a series of gerontological surveys of the population of the oldest old living
in the town of Leiden, the Netherlands. The first survey started in 1986. The present survey is a
community-based follow-up study in a delineated cohort of 85-year-olds. Special topics within the
Leiden 85-plus Study are atherosclerosis, cognitive function, chronic diseases, disabilities, and well-
being.

Study design
Between September 1997 and September 1999, all members of the 1912 to 1914-birth cohort (n =
705)  were eligible to participate in the study. Subjects of the source population were informed about
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the study by mail in the week after their 85th birthday. Within a month a physician or research nurse
contacted them by phone to request their participation. If subjects agreed to participate, they were
visited at their place of residence, oral and written information about the study was provided, and oral
informed consent was obtained. When participants were severely cognitively impaired, informed
consent was obtained from a responsible person.
When subjects hesitated or declined during the first telephone contact or when they could not be reached
by phone, they entered the additional recruitment stage. In this stage the research nurse approached the
subjects at their place of residence. She managed to visit virtually all subjects of the source population of
85-year-olds. During these visits, she made personal contact and provided oral and written information on
the study. After two weeks and after three months, she visited these subjects again to ask them to participate
in the study. The Medical Ethical Committee of the Leiden University Medical Center approved the Leiden
85-plus Study, including the approach and informed consent procedures.

Data collection
For all subjects, socio-demographic characteristics such as gender, marital state, and type of housing
were available from the municipal registry. Mean income of neighbourhood of residence was used as
indication of socio-economic status (SES). Mean income after taxes in the neighbourhood of residence
was obtained by postal codes2. We classified low-income neighbourhoods as those with an income
below the median.
During the main interview with participants, disability in activities of daily living (ADL) was measured
with the Groningen Activity Restriction Scale (GARS) 25. For participants with severe cognitive
impairment, information was obtained from a responsible person. Cognitive function was assessed with
the Mini-Mental State Examination (MMSE). Severe cognitive impairment was defined as an MMSE
score of 18 points or lower27. In participants without severe cognitive impairment, depressive symptoms
were measured with the 15-item Geriatric Depression Scale (GDS-15) 27. At the end of the visit to non-
participants as well as to all participants, the research nurse recorded her impression of the subject’s
daily functioning, cognition, and mood in a standardised questionnaire, using a four-point scale (very
good, good, poor, very poor). Validation of the nurse impression about daily functioning, cognition, and
mood is presented in the appendix.

All subjects were followed up for all-cause mortality until 1 May 2001. Mortality data were obtained
from the municipal registry.

Data analysis
Prevalence estimates of health characteristics by participation status (direct sample, additional input, or
non-participants) are presented with 95 percent confidence intervals (95% CI) and are compared using
Chi-square tests. Differences in prevalence for socio-demographic and health characteristics between
the source population (n = 691) and either the direct sample (n = 511) or the total sample (n = 599)
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were assessed by comparing the “true” prevalence of the source population with the calculated
confidence interval for the prevalence estimate of both samples. Overall survival was calculated from the
85th anniversary to the date of death or to the date of censoring (1 May 2001). Survival was estimated
using the Kaplan-Meier product limit method. Survival by participation status was compared with the
log-rank test.

Results
Between 1 September 1997 and 1 September 1999, 705 inhabitants of Leiden reached the age of 85.
Fourteen inhabitants died before they could be enrolled in the study and thus 691 subjects were eligible
to participate in the study. A total of 511 subjects, the direct sample, participated directly after invitation
by phone, resulting in a response rate of 74 percent. After the additional recruitment stage another 88
subjects were included after being personally approached by our research nurse. As a result the total
number of participants increased to 599 and the response rate to 87 percent. The remaining 92 subjects
refused to participate, of whom 11 subjects refused any contact. Reasons for non-participation were
“no interest, no time” (25 percent), “too nervous or anxious” (19 percent), “too tired or ill” (9 percent)
or “being against surveys in general” (5 percent). Data from self-report and the nurse’s impression were
available for 680 subjects (599 participants and 81 non-participants), corresponding to 98 percent of
the source population.

Table 1 shows the characteristics of the direct sample (n = 511), the additional input (n = 88) and the
non-participants (n = 92). In comparison to the direct sample, subjects from the additional input had
poorer health and were more often institutionalised. In contrast, non-participants reported less disability
and equal or better health. Subjects from both the additional input and the non-participants reported
more often a poor mood.

Differences in characteristics disappeared when we compared the direct sample (n = 511, response 74
percent) and the total sample after the additional recruitment stage (n = 599, response 87 percent) with
the source population (n = 691), table 2. Socio-demographic and health characteristics in the source
population did not differ from the estimates of these characteristics within the direct and the total
sample, except the estimated prevalence of a poor mood.

Figure 1 shows survival by participation status. The 88 subjects who entered the study after the
additional recruitment stage had a significantly lower survival compared to the 511 subjects who were
directly included (p = 0.04). Survival of the 92 non-participants did not differ from the survival of the
direct sample. After inclusion of the additional input with the direct sample
(resulting in the total sample) survival functions overlapped (figure 2). Survival of the direct sample as
well as survival of the total sample was equal with survival of the source population.
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Table 2 Prevalence estim
ates and 95%

 confidence intervals of characteristics of the source population
and both sam

ples of participants, Leiden 85-plus Study (1997-1999)
Source population

(n=691)

D
irect sam

ple†, 74%
response (n=511)

Total sam
ple, 87 %

response (n=599)

n
%

n
%

95%
 CI

n
%

95%
 CI

Socio-dem
ographics

  W
om

en
463

67%
335

66%
61-70

397
66%

62-70
  Institutionalised

118
17%

82
16%

13-19
108

18%
15-21

  W
idow

ed
403

58%
292

57%
53-61

345
58%

54-62
  Low

 SES
251

36%
185

36%
32-40

217
36%

32-40

Self report‡
  D

ifficulties A
D

L
273

40%
208

41%
37-45

253
42%

38-46
  Poor H

ealth
187

28%
136

27%
23-31

170
29%

25-33
  N

ot satisfied
115

18%
86

17%
14-21

104
18%

15-21

N
urse’s Im

pression‡
  Poor daily functioning

322
47%

233
46%

41-50
286

48%
44-52

  Poor cognition
265

39%
183

36%
32-40

236
39%

35-43
  Poor m

ood
55

8%
*

20
4%

2-6
32

5%
4-7

*Significant difference, “true” estim
ate beyond 95%

 confidence interval of the estim
ates from

 direct

 and total sam
ple.  † N

ote that subjects of the direct sam
ple are also part of the total sam

ple.

 ‡ Prevalence estim
ates are based on total num

bers after correction for m
issing data (11 non-

 participants refused any contact).
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Figure 1 Cumulative survival for subgroups from the source population.
Kaplan-Meier estimates of cumulative survival in the participants of the direct sample (n = 511)
(continuous line), the additional input (n = 88) (black dotted line) and the non-participants (n = 92)
(grey dotted line), Leiden 85-plus Study (1997-1999).



A high response is not essential

29

Figure 2 Cumulative survival for the source population and both samples of participants
Kaplan-Meier estimates of cumulative survival in the direct sample (n = 511) (black line), the total
sample (n = 599) (dark-grey line) and in the source population (n = 691) (light-grey line), the
Leiden 85-plus Study (1997-1999).
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Discussion
The design of our study in which virtually all subjects from the source population were visited at their
place of residence, gave us the unique opportunity to compare characteristics of subjects from different
samples of participants with all the subjects from the source population, including the non-participants.
We tested the hypothesis that the additional effort to increase the response rate would diminish selection
bias. We found that the direct sample with a response rate of 74 percent was representative for the
source population on baseline characteristics and mortality. With the additional recruitment stage we
included frail subjects as shown by a lower survival rate. However, the total sample with a response rate
of 87 percent remained representative of the source population. We found that the additional effort to
increase the response rate from 74 to 87 percent did not necessarily prevent selection bias. On the
contrary, we found that selection bias might have been induced by this effort.

Using data from the Leiden 85-plus Study, we showed that after achieved a representative direct
sample with a moderate high response rate, the additional input was a selection of more frail elderly. We
used rather crude outcome measures to compare the samples not only on demographic, but also on
disabilities, health, and well-being. Using more sensitive measures would not have altered our
conclusions that in this population of oldest old additional effort was not necessary to prevent selection
bias.

Few studies have mentioned the representativeness of a first wave of recruitment12 and the possibility of
selective additional input10,28. Most studies find that particularly frail elderly participate less often in
health surveys. Non-participants are described as having a higher age, lower social economic status,
lower health status, more depressive mood, lower cognition, and higher morbidity and mortality1,7,19,29,30.
We found that non-participants were more often depressed but on other characteristics had equal or
better health. One could argue that the nurse impression of the mood of non-participants was biased
through disappointment and that validation of this impression was done in participants only. However,
the high prevalence of poor mood in non-participants is supported by a high proportion (19 percent) of
the non-participants who reported depressive symptoms like being too nervous or anxious as the reason
for not participating. Moreover, the finding of equal or better health of non-participants might be biased
by socially desirable answers36, since non-participants may have used good health as a reason to
support their decision not to participate.

We invested much time and effort in obtaining a very high response rate. The high response rate in our
study was due to the personal approach, but other factors of our study design also contributed. Due to
the wide publicity our study received, inhabitants of the municipality of Leiden anticipated their 85th

birthday letter and felt privileged to belong to the “oldest old”. Other factors that might have increased
the direct response rate were the involvement of medical staff and nurses instead of lay interviewers,
face-to-face interviews at the place of residence9,10, and an oral informed consent. We think it is
conceivable that subjects perceive a written informed consent as a binding contract and therefore refuse
to sign anything31. The self-confidence and skill in using appropriate heuristics of our expert research
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nurse10, her knowledge of the local situation, and her experience in home care for the elderly were very
helpful in achieving a high additional response. Also the enthusiasm of a small research team, where a
refusal was felt as a failure might have contributed to the high response rate.

Our design was very time consuming and enabled us to obtain essential information from virtually all
eligible subjects. Moreover, survival also appeared to be a good measure to compare subjects by
participation status. Mortality is an unbiased outcome that is easily available for both participants and
non-participants. Survival rates gave us insight into health differences and comparability of the different
samples16,32,33. We therefore suggest a wider use of survival as a measure to compare the study
population with the source population.

In conclusion, the approach of eligible subjects and the inclusion procedure of population studies are the
crux of valid research. We demonstrated that an additional intensive and personal approach is
rewarding for drawing more frail elderly subjects into a study. However, this effort will only diminish
selection bias if the frail elderly are underrepresented in the direct sample. With an appropriate and
conscientious approach the direct sample might already be representative, making additional efforts to
increase the response rate to very high levels not necessary.
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Appendix

The research nurse recorded her impression

on a subject's daily functioning, cognition and

mood in a standardised questionnaire at the

end of the visit. We compared the scores from

these four-point scales (very good, good,

poor, very poor) with the scores of the

corresponding validated questionnaires on

daily functioning, cognition and mood from

the main interview as assessed by another

member of the medical staff. As the

distributions of data were skewed to the left,

groups were compared with non-parametric

tests that do not assume an underlying normal

distribution of the data. As the non-

parametric equivalent of the one-way

ANOVA procedure, we used the Jonckheere-

Terpstra test to determine the p-value for trend

between the scores of the questionnaires and

the four categories (very good, good, poor,

very poor) of the nurse's impression.Results

are shown in figures 3A,3B and 3C. The

median score for each validated measure

showed a gradual and significant (p < 0.001)

decline or rise over the four categories of the

corresponding nurse's impression.

Figure 3 Comparison between nurse’s impression and validated questionnaires
Comparison of the nurse’s impression about daily functioning (A), cognition (B) and mood (C)
with test scores on corresponding validated questionnaires within the total sample of participants
in the Leiden 85-plus Study (1997-1999). The boxplots show the median (thick line), interquartile
range (box) and all values within 5th and 95th percentile.
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