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Abstract : Existing health survey data of individuals who are 65+ years of age is limited due to the
exclusion of the oldest old and physically or cognitively impaired individuals. This study aimed to assess
the effects of a sequential mixed-mode design on (1) contact and response rates, (2) sample composition
and (3) non-response bias. A register-based random sample of 2,000 individuals 65+ years was initially
contacted by mail to answer a health questionnaire. Random subgroups of initial non-responders were
further contacted by telephone or home visits. Participation by interview or proxy was possible. After
postal contact only, the initial contact and response rates were 51.7% and 37.8%, respectively. The
contact and response rates increased to 71.1% and 44.6%, respectively, after all contact steps. A
different sample composition regarding sociodemographic (i.e., older individuals) and health
characteristics (i.e., worse self-rated health, more functional impairments) was achieved by the inclusion
of those late participants. Il health was the second most frequent reason for non-participation. Personal
contact modes are important to increase contact and response rates in population-based health studies
and to include hard-to-reach groups such as the oldest or physically impaired individuals. However, non-
response bias still occurred.

Introduction

In Germany, currently 21% of the population is 65 years or older, and 6% of the population is 80 years or
older [1]. Proportions are projected to increase up to 30% of the population being 65 years or older in the
next two decades [2]. Therefore, mapping the health status of the older and oldest population gains more
and more attention for health policy planning which leads to urgent needs of valid health data for this
specific population.
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However, nation-wide data on the health status and health needs of older adults are scarce for several
reasons. A first reason is a systematic exclusion of older or functionally impaired individuals in most
population-based research studies. For example, the application of age limits for study participation in
general-population surveys is common [3-7]. In addition, exclusion criteria of health studies often include
health-related problems such as mobility problems, institutionalization or cognitive impairments [8-10].
Low response rates are a second reason for data gaps among this group [e.g., 11, 12, 13]. Methodological
studies observed this phenomenon for all data collection modes, such as mailed questionnaires [14, 15],
face-to-face interviews [14] and telephone interviews [16]. Low response rates are explained by
difficulties in gaining access (i.e., non-contactability) rather than refusal [17]. In addition, increasing rates
of physical and/or mental disabilities might hamper study participation of this specific age group. For
example, a 2005 German household survey of adults 65 years or older found that 1.5% of persons under
70 years of age and 3.3% of persons aged 70 years or older were not able to participate [18].

Although low response rates do not necessarily imply limited data quality, the underrepresentation of
older age groups in health surveys can have severe consequences for data quality [17]. Non-participation
due to health-related reasons (e.g., physical or mental disabilities, hospitalisation during the field period)
biases survey estimates of health-related outcomes [19, 20]. In general, higher morbidity and mortality
rates are reported for non-participants compared to participants [15, 20-26].

Health surveys including older persons should avoid systematic exclusion criteria. In addition, surveys
should implement strategies to minimise non-response bias. Investing special efforts and extra costs to
enhance response rates will be useful in particular, if non-response due to physical or mental disabilities
can be reduced. For this purpose and as shown in previous work of our group and by other researchers
[20, 22, 27, 28], more insights into the reasons for survey refusal among this specific age group are
necessary. Moreover, the suitability of different contact modes and data collection modes for this age
group should be examined. Results from population-based studies of older individuals in the US, England,
Ireland and Japan have shown that home visits help to include older or disabled respondents into
population-based health research studies [29-31]. However, home visits as single mode are very cost-
intensive, whereas mixed-mode designs provide “an opportunity to compensate for the weaknesses of
each individual mode at affordable cost” [32, p. 235]. The term “mixed-mode design” refers to mixtures
of data collection modes, mixtures of contact modes and combinations of both [32-34]. It is supposed that
mixed-mode designs help minimising coverage error and nonresponse error and enhance the quality of
answers [32-34]. A specific type of mixed-mode designs is the sequential multi-mode approach where the
data collection starts with an inexpensive mode for the whole sample which is followed by a more
expensive mode for the initial non-responders [32]. The sequential mixed-mode design might remarkably
improve response rates and reduced costs [35]. Indeed, offering more than one mode of data collection
seems to enhance the probability of response among older individuals as well [36-39].

Therefore, a sequential mixed-mode design using different contact modes and offering different data
collection modes could help to identify preferences of this target group. Moreover, the offer of proxy
interviews could help to include physically or mentally impaired individuals [19, 40].

The Health Monitoring conducted at the Robert Koch Institute applied telephone interviews in the first
surveys and switched to online and, in particular, postal questionnaires in recent surveys [41]. Starting
from this survey design, the present study aimed to pilot the effects of a sequential mixed-mode design
including different contact and data collection modes into population health surveys of the population 65
years or older living in private households or in nursing homes in Germany. We specifically asked: (1) Can
we improve contact, cooperation, and response rates as compared to postal survey contacts only, (2)



What proportion of participants choose the mode of contact as the mode of data collection and what
proportion turns to alternative modes of data collection offered, (3) Do late participants included via

subsequent recruitment efforts change sample composition, and (4) What are remaining sources of non-
response bias?

Methods

Study design

The present pilot study was conducted between September 2017 and April 2018 at the Robert Koch
Institute in Berlin, Germany, as part of the “IMOA - Improving Health Monitoring in Old Age” project,
funded by the Robert Bosch Foundation (Grant Number: 11.5.G410.0001.0). The objective of this project

was to develop a conceptual framework for a public health monitoring of the population aged 65 years or
older.

The study was approved by the ethics committee at the Berlin Chamber of Physicians (German: Berliner
Arztekammer, Eth-22/17) and was conducted in compliance with data protection and privacy regulations,
as required by the Federal Commissioner for Data Protection and Freedom of Information. Our data
protection concept included the use of register-based information and the linkage with publically available
data for non-responder analyses and the search for a telephone number to contact individuals via
telephone. Informed written consent was obtained from all participants who completed a questionnaire or
had a face-to-face interview. Oral consent was obtained from participants who had a telephone interview.

For proxy participation, written informed consent was required either from the invited individual or from
their legal representative.

Sampling procedures

A two-stage-sampling approach was used that included (1) the selection of primary sampling units (PSUs)
and (2) the drawing of random samples from population registers within the PSU. Due to limited
resources, two PSUs close to the Robert Koch Institute site were chosen for recruitment of study
participants. One PSU belonged to an urban area (=100,000 inhabitants), whereas the other PSU was
rural (<10,000 inhabitants). More details on selection of PSUs are provided elsewhere [42]. A random
sample of 1,000 individuals aged 65 years or older was drawn proportionally within each PSU to the
general population from each of the population registers of the two chosen municipalities on September
11, 2017, leading to a total random sample of 2,000 individuals. Inclusion criteria were permanent
residence in the sampled community, living in private households or nursing homes and age 65 years or
older. Individuals who had died or moved outside of the study area before the field period started as well
as those who had insufficient German language skills were considered ineligible for study participation.

Sequential mixed-mode design

Contact of sampled individuals and data collection followed three steps of a sequential mixed-mode
design (Figure 1) and was conducted between October and December 2017 by experienced research
assistants. In recruitment step 1, all 2,000 sampled individuals were initially contacted through postal
mail. Although prior observational studies and the very few experimental studies on the effectiveness of
different contact modes among individuals 65 years or older suggest contacting older individuals
personally and especially face-to-face might be promising [43-46], we decided to start with a postal



contact as it is a resource-saving mode and served as first contact in past waves of the Health Monitoring
at the Robert Koch Institute which is based on random samples from population registers [6, 47]. We
therefore aimed at evaluating the benefits from additional respectively other types of contact modes for
survey data quality.

A personalised invitation letter (step 1la) included a study description, a health questionnaire, a consent
form, a prepaid envelope for returning the questionnaire and an unconditional incentive (pack of flower
seeds). The study description contained the information that address data would be linked to public
resources to receive a telephone number and aggregated socioeconomic data. In addition, the number of
a toll-free telephone hotline was provided and individuals were informed that they could call from Monday
to Friday between 9 to 12 a.m. and 2 to 4 p.m. for further information, to refuse survey participation or to
express specific preferences or needs for participation. Additional offers facilitating participation were
described in the letter and included appointments for a telephone or face-to-face interview with or
without further assistance as well as proxy-only interviews/questionnaires. The questionnaire/interview
included a total of 54 questions covering demographics, physical and mental health, difficulties in
activities of daily living, falls, health care use, loneliness and social participation. After 16 days, initial
non-responders received a personalised reminder letter that also announced possible further contacts by
telephone or home visit in the case of non-response to the reminder letter (step 1b).

Figure 1. Study flow and the three steps of the sequential mixed-mode design

Step 1a/b: Postal questionnaire,
reminder {n=2,000)

Initial non-res ponders (n=971)

Telephone No telephone
number available number available
{n=390) {n=581)
Random selection
Telephone group W v Home visit group

Step 2a: Telephone call(s) Step 2b: Announcement
(n=250) letter (n=160)

|

Step 3a: Home visit(s) Step 3b: Home visit(s)
{n=26) {n=133)

Two weeks later, remaining initial non-responders were either eligible for telephone contact if a telephone
number was provided by a commercial provider (telephone group) or face-to-face contact if no telephone
number was available (home visit group; Figure 1). Due to limited resources, both staff-intensive
recruitment efforts were applied only to random subsamples of the telephone and the home visit groups,
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respectively. However, initial non-responders not sampled for further contact attempts could still send
back the questionnaire or call the telephone hotline. Indeed, some late responses of these non-selected
individuals were received after further contact attempts within random samples of initial non-responders
had started.

Among persons sampled in the telephone group, ten contact attempts by telephone were placed on
different days from Monday to Friday at varying times (step 2a). If no telephone contact could be
established, two further attempts were made by home visits without further announcement (step 3a;
Figure 1). Persons sampled to the home visit group received a letter announcing a home visit by trained
RKI staff (step 2b). This letter specified that the home visit(s) would take place within 16 days and
included a photograph of the research assistants of whom one would carry out the home visit. The team
of RKI staff members consisted of four experienced persons, all male and 40 years or older. For
identification purposes, research assistants used an official RKI employee identification card. Up to two
contact attempts by home visit were undertaken among individuals not reacting to the announcement
letter (step 3b). Throughout these recruitment steps, individuals could still express specific needs for
participation, e.g. individuals in the telephone group could send back the completed health questionnaire.
We took into account all questionnaires sent back until the end of the field period (i.e., February 2018).
Telephone and face-to-face interviews were possible until December 20, 2017.

Individuals who participated after having been contacted by post only (step 1) were considered “early
participants”. Participants who were recruited in subsequent recruitment efforts (steps 2 and 3) or who
were initial non-responders not selected for the telephone or home visit group were defined as “late
participants”.

Non-responder questionnaire

To further characterise non-responders, an additional, short non-responder questionnaire was used to
obtain at least minimal information on this specific subgroup of the sample. The non-responder
guestionnaire comprised nine questions on health and demographics in line with the main study
questionnaire as well as reasons for non-participation. Individuals who refused study participation by
phone or during face-to-face contact were asked to answer this non-responder questionnaire. Moreover,
after the end of the field period (i.e., February 2018), this non-responder questionnaire was sent to non-
contacts, individuals without a final result regarding study participation and individuals whose invitation
letters were returned as undeliverable. In addition, individuals who refused to complete the non-
responder questionnaire by telephone or during home visits were asked to state at least their reasons for
non-participation.

Measures

Contact, cooperation and response rates

Final disposition codes were assigned according to the American Association for Public Opinion Research
(AAPOR) standards [48]. The final disposition code “interview” was assigned to all completed
questionnaires/interviews with at least 80% of the applicable questions answered and to partial
guestionnaires/interviews with at least 50% of the applicable questions answered. The following cases
were defined as an “eligible non-interview”: if the sample person refused a questionnaire/interview, broke
off an interview, moved outside of the PSU during the field period, died during the field period, did not
provide a decision regarding participation or refusal during a personal contact or did not provide written



informed consent or if the questionnaire was lost. The final disposition code “unknown eligibility, non-
interview” was assigned to non-contacts if no mailed questionnaire was ever returned, no contact could
be established by phone or home visit, or nothing was known about the sample person or the address.
The final disposition code “not eligible” was assigned to persons who met the exclusion criteria, i.e.
individuals who had died or moved outside of the study area before the field period started and to those
who had insufficient German language skills.

Contact, cooperation and response rates were calculated according to AAPOR standards as well [48]. For
the calculation of these rates, “not eligible” cases were excluded. Therefore, the number of the total
sample used was the sum of all cases assigned the final disposition code “interview”, “eligible non-
interview” or “unknown eligibility, non-interview”. As we were interested in the number of individuals who
were willing to provide information at all we chose formulas to calculate contact, cooperation and
response rates that also included partial questionnaires/interviews rather than full-interviews only.
Therefore, we calculated contact rate 1 (i.e., number of all “interview” and “eligible non-interview” cases
divided by the number of the total sample used), cooperation rate 2 (i.e., number of all “interview” cases
divided by the number of “interview” cases plus “eligible non-interview” cases) and response rate 2 (i.e.,
number of all “interview” cases” divided by the number of the total sample used). Formulas are depicted

in Table 2.

Descriptives of the study population based on information obtained from population registers and
the use of external data sources

Information obtained from the population registers included sex, date of birth, postal address, marital
status, citizenship and, if applicable, the existence of an information release ban. An information release
ban should be assigned to all institutionalized persons in Germany according to § 52 Federal Act on
Registration (German: bedingter Sperrvermerk nach § 52 Bundesmeldegesetz) [49]. Marital status was
categorised as being married or living in a registered partnership (yes/no). Citizenship was categorised
into German and non-German.

To identify nursing home residents in the sample, postal addresses were compared to addresses of
nursing homes within the PSUs that either were obtained from our own internet search or one commercial
provider [42]. In addition, it was assumed that the information release ban referred exclusively to nursing
home residents in our sample of individuals 65 years or older. If an individual was identified as a nursing
home resident at least once by one of the described strategies, the individual was considered as being a
nursing home resident (yes/no).

One commercial provider (“Deutsche Post Direkt GmbH") was commissioned to check postal addresses
and surnames of all individuals after sample drawing to detect telephone numbers for potential telephone
contact during the data collection period. This information described the availability of a telephone
number (yes/no).

Information on purchasing power according to postal addresses was provided by “Growth from
Knowledge” (GfK) and was defined as the sum of the net income of the population referring to the
applicable street segment. The calculation of net income included income from (self-) employment,
investment and state transfer payments (e.g., unemployment benefit, child benefit and pensions). We
used the standardised purchasing index with a German mean of 100. All values under this mean value
were defined as low purchasing power.



Self- or proxy-reported information on sociodemographic and health characteristics and reasons
for non-participation

Table 1 provides an overview of all sociodemographic and health characteristics assessed by self- or

proxy report via questionnaire or interview that were used in the analyses. A full list of all measures
assessed and questionnaires used in IMOA can be received on request from the authors.

Proxy participation (yes/no) was defined if a proxy questionnaire/interview was completed or if proxy
participation was indicated in the questionnaire.

Table 1. Self- or proxy reported information on sociodemographic and health characteristics



Construct

Instrument

Categorised as

Sociodemographics
Household size

Level of education

Self-developed close-ended
question

Highest school and
professional education
according to DEGS1 [62]

Living alone (yesino)

Low, middle and high
according to CASMIN [63, 64]

Health characteristics
Self-rated health

21 chronic disease

Limitations due to health problem
(lasting at least 6 months)
Difficulties in 1ADL

Difficulties in ADL

Mability problems

Frequency of leaving the house
(past month)

History of falls (past 12 months)

Sensory limitation

Self-rated memory (present)

Long-term care benefits
(German: Pflegegrad)

Current prescribed medication
use (past week)

Hospital inpatient stay(s) {past 12
maonths)

MEHM [65]
MEHM [65]
MEHM [65]

According to Lawton [B6];
closed-ended questions from
EHIS [67]

According to Katz et al. [68];
closed-ended questions EHIS
[67]

Closed-ended questions from
EHIS [67]

According to a closed-ended
guestions from NHATS [69]

According to Lamb et al. [70];
closed-ended questions from
DEGS1 [62]

Closed-ended questions from
EHIS [67]

According to ELSA, HRS and
SHARE [71-73]
Self-developed close-ended
question

Self-developed close-ended
question

Closed-ended guestions from
the European Health Interview
Survey [67]

Fair/(very) bad vs. (very) good
Yes/no
Yes/no

21 difficulty out of 7 IADL
(yes/na)

=1 difficulty out of 5 ADL
(ves/na)

At least some difficulty walking
500 m (yes/no);

At least some difficulty walking
up/down 12 steps (yes/no)
Not daily leaving the house

(yesino)

=2 falls (yes/no)

At least some difficulty for
seeing even when wearing
glasses or contact lenses
(yes/na);

At least some difficulty for
hearing in a quite or a noisier
room even when using a
hearing aid (yes/no)
Fair/poor vs. excellent/(very)
good

Long-term care benefits

(yesino)

Polypharmacy: 25 prescribed
medicines (yes/no) [74]

=1 hospital inpatient stay
(yes/nma)

Motes: Constructs marked in grey were included in the non-responder short questionnaire;
ADL=activities of daily life; CASMIN=Comparative Analyses of Social Mobility in Industrial
Mations; DEGS1=German health interview and examination survey for adults (2008-2011);
EHIS=European Health Interview Survey; ELSA=English Longitudinal Study of Ageing;
HRS=Health and Retirement Study; IADL=instrumental activities of daily life;
MEHM=Minimum European Health Module; NHATS=National Health and Aging Trends

Study; SHARE=Survey of Health, Ageing and Retirement in Europe.

The non-responder short questionnaire included the marked constructs of Table 1. We used the term “soft
refuser” [50] for all sample persons who did not participate in the main study but completed the non-
responder questionnaire. Persons who did not send back the non-responder questionnaire, refused
participation in both the main study and the non-responder short questionnaire or could not be contacted
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at any time, were defined as “final non-responders”.

Finally, the following seven reasons for non-participation could be chosen in the non-responder short
guestionnaire or during refusal by personal contact (multiple choices were possible): absence (e.g.,
because of longer holidays, hospitalisation or rehabilitation), too ill, lack of time, lack of interest in the
study, providing nursing care for family members, concerns about the study, and other reasons. Other
reasons for non-participation could be further specified in open-end fields. By reviewing the open-end
responses, it became apparent that reasons such as “not being able to participate”, “cannot participate”
or “cannot provide information” were often-mentioned reasons for non-participation. Hence, “not being

able” was defined as a separate reason for non-participation.

Statistical analyses

Descriptive statistics were calculated to describe the total sample and different subgroups: (a) individuals
reached by the different sequential steps, (b) early vs. late participants, (c) participants vs. non-
participants, and (d) soft refusers vs. final non-responders. We provided proportions and the respective
95% confidence intervals (Cls) to allow comparisons between different subgroups. Non-overlapping Cls
were considered as significant differences between subgroups. In addition, descriptive statistics were
used to provide information on reasons for non-participation.

We analysed effects of the sequential contact steps on sample composition by calculating the deviation of
each of the six subsamples of participants from the gross sample. Deviations were calculated by
calculating the absolute deviation between a subsample and the gross sample for each of the register-
based sociodemographic characteristics separately (n=8) and then summarizing all deviations and
dividing them by the number of variables.

The impact of sociodemographic characteristics (age, sex, marital status, citizenship, nursing home
resident, rural PSU, availability of telephone number, low purchasing power) on the chance of being a
participant (complement: non-participant) was estimated by a binary logistic regression model [51].
Moreover, the impact of sociodemographic characteristics and basic health characteristics on the chance
of being a participant (complement: soft refuser) was estimated by a second binary logistic regression
model. Odds ratios (OR) are reported and p-values <.05 were considered statistically significant.

Further recruitment of initial non-responders was only carried out among random subgroups, i.e. 125
individuals of each PSU with an available telephone number were randomly selected for the telephone
group (total: 250 out of 390) and 80 individuals of each PSU without an available telephone number were
randomly selected for the home visit group (total: 160 out of 581). A total of 561 initial non-responders
were therefore not selected for further recruitment efforts. An extrapolation factor was calculated to
receive estimates about what could have been expected if further recruitment steps had been applied to
all initial non-responders. The extrapolation factor considered the disproportional selection probability
dependent on PSUs and the availability of a telephone number, i.e., the inverse of the inclusion
probability of an individual. All statistical analyses were conducted using Stata/SE 15.1 [52].



Results

Sample characteristics and study flow

Of the total gross sample (n=2,000), 57.1% were female, 30.6% were 80 years of age or older, 57.4%
were married or lived in a registered partnership, 4.7% had a non-German citizenship, 5.2% lived in a
nursing home, 50.0% lived in the rural PSU, 65.0% lived in an area with low purchasing power, and for
40.9% a telephone number could be investigated by the commercial provider.

Of the total gross sample (n=2,000) and after the initial postal contact (i.e. invitation letter plus postal
guestionnaire, step la), 1,473 persons did not provide a final decision regarding study participation and
reminder letters were send to them (step 1b). After that step, a total of 971 individuals had not responded
(Figure 1). For 390 of these initial non-responders, a telephone number was available. Of those, 125
individuals of each PSU were randomly selected for the telephone group. After ten contact attempts by
telephone, a total of 26 individuals had still not been reached. Therefore, for these individuals, two
contact attempts by home visit were conducted. Of the 581 initial non-responders without an available
telephone number, 80 individuals of each PSU were randomly selected for the home visit group and
received a postal announcement of the home visit. A final response regarding study participation due to
this letter was received by 27 individuals. For the remaining 133 individuals, up to two contact attempts
by home visit were undertaken. Of the 561 initial non-responders who were not randomly selected for
either the telephone or the home visit group, a final response regarding study participation was received
by 30 individuals by the end of the field period.

Survey design effects on contact, cooperation and response

After recruitment step 1a, 19 individuals of the total gross sample (n=2,000) were defined as ineligible for
study participation and were excluded for the calculation of contact, cooperation and response rates
(Table 2). Of the remaining adjusted gross sample after step 1a (n=1,981), 508 individuals were
successfully contacted, i.e. they had received the final disposition code “interview” or “eligible, non-
interview”. Therefore, initial contact rate was 25.6% (508 out of 1,981). As 451 individuals out of those
508 individuals contacted were participants, the cooperation rate was 88.8%. The initial response rate
that takes the adjusted gross sample into account was 22.8% (451 out of 1,981). After the reminder letter
(step 1b), a contact rate of 51.7%, a cooperation rate of 73.1% and a response rate of 37.8% were
realised. In the random subsamples allocated for further contact attempts, high contact rates were
achieved by the end of the field period (96.8% telephone group after step 3a vs. 83.7% home visit group
after step 3b). Among the telephone group, 10.8% could not be contacted by telephone. Among the home
visit group, 16.3% responded to the letter announcing a home visit. Cooperation rates for these further
contact attempts ranged between 15.4% (after step 2b) and 31.7% (after step 3a) and were lower
compared to step 1la. Among these random groups response rates of 30.7% and 25.8% were achieved for
the telephone group and home visit group, respectively.

After all steps were passed through, a total final response rate of 44.6%, a cooperation rate of 62.3% and
a contact rate of 71.7% were achieved. Taking the random selection process into account, extrapolation
resulted in a response rate of 51.6%, a cooperation rate of 54.6% and a contact rate of 94.4%.

Table 2. Final disposition codes according to American Association for Public Opinion Research
(AAPOR) standards for mixed-mode surveys and response, cooperation and contact rates



stratified by the steps of the sequential mixed-mode design and total

Total sample Initial non-responders randomly selected for
Postal Group Telephone group Home visit group Total sample, Total sample,
crude extrapolated®
Time point | After step 1a:  After step 1b: After step 2a:  After step 3a: | After step 2b: After step 3b: | End of field End of fizld
Postal Reminder letter | Telephone Home visit{s) | Announcement Home visit{s) | period period
questionnaire call(s) letter

AAPOR code - n
Gross sample 2,000 2,000 250 250" 160° 160° 2,000¢ 2,000
4.0 Not eligible® (NE) 19 23 1 2 0 1 30 30
Adjusted gross sample (Total sampie used) - n 1.981 1,877 248 248 160 158 1.8970 1,870
1.0 Returned questionnaire, Interview (1+F) 4351 747 67 EL:] 4 41 878 1.017
2.0 Eligible, Non=Interview (R+MNC5+0) a7 275 155 164 22 92 533 B43
3.0 Unknown eligibility, Non-Interview 1.473 955 27 8 134 26 558 110
(UH+UO)
Response rate 2 - % 22.8 r.s 26.9 30.7 25 258 448 51.6
(I+PW{{I+P) + (R+NC%+Q) + (UH+UDO})
Cooperation rate 2 - % 88.8 731 30.2 3.7 15.4 30.8 62.3 54.6
(1+PY{(1+P)+R+0))
Contact rate 1 - % 258 51.7 89.2 96.8 16.3 83.7 T 94.4
(I+P)+R+0 / ({1+P}+R+0+NC (UH+U0O))

Motes: *Persons out of sample frame, namely, individuals who died or moved out of the PSUs before recruitment started and persons without
sufficient German language skills; *125 individuals selected at random per primary sampling unit (PSU) out of 380 initial non-responders with an
available telephone number; “80 individuals selected at random per PSU out of 581 initial non-responders without a telephone number; “late
responses of initial non-responders who were not selected for further recruitment were included; ®rates were extrapolated for the random selection of
initial non-responders who received further recruitment efforts (i.e., steps 2/3); 'of these 558 individuals without any contact during the study period,
553 individuals were enly contacted by postal mail (including one reminder letter) and were not selected for further recruitment efforts; °did not occur,;
I=complete interviews; P=partial interviews; R=refusal and break-off, NC=non-contact, e.g. telephone answering device confirming household or
completed questionnaire, which was not returned during field period; O=other; UH=unknown household; UO=unknown other.

Specific offers facilitating participation: Choice of data collection mode, proxy participation and
informed consent by legal representatives

Among study participants, data collection mode was closely correlated to contact mode (Table 3). Thus,
96.8% of early participants contacted only by postal contact participated by returning the questionnaire.
Likewise, the majority (61.8%) of the participants in the telephone group were interviewed via telephone
and 53.7% of participants in the home visit group were interviewed face-to-face. However, the offer to
choose an alternative data collection mode different to the contact mode was used in all participant
groups.

Of all participants, 88.2% participated by questionnaire, 8.2% by telephone interview and 3.6% by face-
to-face interview. If rates were extrapolated for the random selection, 79.3% of the participants would
have participated by postal questionnaire, 11.5% by telephone interview and 9.3% by face-to-face
interview.

Proxy participation and informed consent provided by legal representatives were mainly received through
face-to-face contact among late participants (i.e., step 2/3b). A total of 3.8% participated by proxy, and
1.4% consents by legal representatives were received. Extrapolated rates were slightly higher (proxy
participation: 3.9%; consent by legal representative: 2.0%).

In total, at least one out of the three specific offers (i.e. choice of data collection mode, proxy
participation or providing informed consent by legal representatives) was most often used by participants
of the home visit group (43.9%) and of the telephone group (36.8%) compared to the participants
contacted only postally (6.2%). Therefore, the increase in response rate due to using =1 specific offer was
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11.3% in the telephone and home visit group compared to a 2.3% increase in the postal group. Due to
using =1 specific offer, the crude total response rate increased by 4.8% and the extrapolated total
response rate by 7.9%.

Table 3. Specific offers facilitating participation: Choice of data collection mode, proxy
participation and consent by legal representative among participants and the effect on
response rate

Early Late participants All participants
participants
Postal group | Telephone Home visit Total Total
group group crude extrapolated®
n=747 n=76 n=41 n=878% n=1,016
Specific offers
Mode of data collection - %
guestionnaire 96.8 3249 29.3 882 79.3
telephone interview 2.4 £1.8 17.1 82 11.5
face-to-face interview 0.8 53 53.7 36 9.3
Proxy participation - %
yes 3.2 4.0 7.3 3.8 3.4
no 94.0 95.0 92.7 93.9 94.0
ambiguous or missing 2.8 0.0 0.0 2.4 241
information
Consent by legal 0.7 1.3 9.8 1.4 20
representative - %
=1 specific offer used - % 6.2 36.8 43.9 10.8 15.3
Response rate 2
(I+PW{(I+F) + (R+NC=+0D) +
(UH+UDOY))
Without participants who 35.5 19.4 14.5 398 43.7
used 21 specific offer - %
With participants who used ar.s 30.7 25.8 44.8 51.8
=1 specific offer - %
Change due to using 21 +2.3 +11.3 +11.3 +4.8 +7.9
specific offer - %

Motes: “Rates were extrapolated for the random selection of initial non-responders who received
further recruitment efforts (i.e., telephone or personal recruitment); *15 participants who were
late responders due to step 1 and who were not selected for further recruitment efforts were
included; “did not occur; I=complete interviews; P=partial interviews; R=refusal and break-off;
MC=non-contact, e.g. telephone answering device confirming household or completed
guestionnaire, which was not returned during field period; O=other; UH=unknown household;
UQ=unknown other.

Survey design effects on sample composition: Comparison of early vs. late participants

An overview of the differences in sociodemographic and health characteristics between early and late
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participants is provided in Table 4. Early participants recruited through postal contact only (step 1,
n=747) were younger, better educated, less often nursing home residents, less often lived in areas with
low purchasing power and generally less often reported health problems or functional limitations than late
participants recruited in subsequent recruitment efforts. Compared to proportions calculated for the early
participants (n=747), proportions of nearly all health problems increased when all 132 late participants
were included in the analyses (crude total: n=879). This effect was even more marked when proportions
were extrapolated for the random selection process.

Table 4. Differences in sociodemographic and health variables between early and late

participants

Early participants

Late participants

All participants

Postal group Telephone Home visit Total Total
group group crude extrapolated®

n=747 n=76 n=41 n=879° n=1,016

% (CI) % (CI) % (CI) % (Cl) % (CI)
Sociodemographics — regisfer-based information
Women 52.7 (49.1-56.3) .01(38.9-61.1) 51.2(36.166.1) | 52.5 (49.1-55.7) 52.1 (48.4-55.8)
280 years of age 25.0 (22.1-28.3) 32.9(23.2-44.3) 46.3 (31.7-61.7) | 26.9 (24.0-29.9) 29.0 (25.6-32.7)
Married/living in a registered partnership 67.5 (64.0-70.7) 6.6 (45.2-67.3) 61.0 (45.3-74.7) | 66.1 (62.9-69.2) 65.3 (61.7-68.8)
Non-German citizenship 11(1.3-3.5) 01(1.3-11.8) 4.9 (1.2-17.8) 4 (1.6-3.8) 6 (1.6-4.3)
Mursing home resident 7 (1.0-3.0) 0(-) 14.6 (6.7-29.2) 3 {1.5-3.5) 4 (2.0-5.8)
Rural PSU 45.0 (41.4-48.6) 52.6 (41.4-63.6) 61.0 (45.3-74.7) | 46.8 (43.5-50.1) 49.5 (45.8-53.3)
Low purchasing power B (57.2-64.2) 76.3 (65.4-84.6) 7B.1(62.7-88.3) | 62.8 (59.5-65.9) 65.4 (61.9-88.7)

Sociodemographics — self or proxy report

Level of education
low
middle
high

Living alone

27.5 (24.4-30.8)
41.5 (38.0-45.1)
31.0 (27.8-34.5)

0 (26.8-33.4)

3(20.8-41.5)
7(33.9-56.1)
25.0 (16.5-36.0)
2 (27.9-49.8)

31.7 (19.2-47.5)

8(33.9-63.9)
19.5 (10.0-34.7)
36.6 (23.2-52.4)

28.3 (25.4-31.4)
41.6 (38.4-45.0)

1(27.1-33.2)
31.0 (28.0-34.2)

28.3 (25.0-31.8)
43.1 (39.4-76.9)
28.6 (25.4-32.0)
31.9 (28.4-35.5)

Health characteristics — self or proxy report

Fair/{very) bad self-rated health
Having 21 chronic disease
Limitations in daily life due to health problems

=1 difficulty out of 7 IADL

=1 difficulty out of 5 ADL

Difficulties walking 500 m

Difficulties walking up or down 12 steps
Mot daily leaving the house (past month)
z2 falls (past 12 months)

Vision difficulties

Hearing difficulties

Fair/poor self-rated memory

Long-term care benefits {Pflegegrad)

Polypharmacy (25 prescribed medicines, past week)

=1 hospital inpatient stay (past 12 months)

348 (41.2-48.4)
67.8 (64.3-71.0)
32.8 (29.5-36.3)

33.7 (30.3-37.3)
24.2 (21.2-27.4)
24.4 (21.4-27.7)
20.4 (26.2-32.9)
31.4 (28.1-34.8)
11.5 (9.3-14.0)
33.5 (30.2-37.0)
0 (44.4-51.6)
21.4 (18.6-24.6)
10.5 (8.5-13.0)
32.4 (29.1-35.9)
26.0 (22.9-29.3)

68.4 (57.1-77.9)
73.3 (62.1-82.2)
53.3 (42.0-64.4)

45.2 (34.1-56.8)
44.0 (33.2-55.4)
41.3 (30.7-52.8)
49.3 (38.2-60.6)
37.3 (27.1-48.8)
12.0 (6.3-21.6)

45.3 (34.4-56.7)
54.7 (43.3-65.6)
29.3 (20.1-40.7)
17.1 (10.2-27.4)
40.8 (30.3-52.2)
27.0 (18.1-38.3)

65.9 (50.1-78.8)
70.7 (55.0-82.7)
56.1 (40.6-70.5)

47.5 (32.5-62.9)
45.0 (30.3-60.6)
48.8 (33.9-63.9)
56.1 (40.6-70.5)
41.5 (27.4-57.1)
19.5 (10.0-34.7)
48.8 (33.9-63.9)
56.1 (40.6-70.5)
36.6 (23.2-52.4)
36.6 (23.2-52.4)
53.7 (38.3-68.3)
31.7 (19.2-47.5)

478 (44.551.1)
68.5 (65.3-71.5)
35.7 (32.6-39.0)

35.6 (32.4-38.9)
26.9 (24.1-30.0)
27.2 (24.3-30.3)
325 (29.5-35.7)
32.3 (29.2-35.5)
12.0 (9.9-14.3)
35.1 (31.9-38.3)
8 (45.5-52.2)
6 (19.9-25.5)
12.7 (10.7-15.1)
1(31.0-37.3)
26.2 (23.4-29.3)

50.7 (46.954.5)
69.1 (65.5-72.4)
38.8 (35.1-42.6)

37.1 (33.4-40.9)
206 (26.1-33.3)

1 (26.6-33.8)
35.7 (32.1-39.6)
33.4 (29.8-37.1)
12.8 (10.3-15.7)
37.2 (33.5-41.0)

3 (46.5-54.1)
25.0 (21.7-26.6)
15.2 (12.3-18.5)
36.6 (32.9-40.3)
27.1 (23.8-30.6)

Motes: “Rates were extrapolated for the random selection of initial non-responders who received further recruitment efforts (i.e., telephone or
personal recruitment); ®15 participants who were late responders due to step 1 and who were not selected for further recruitment efforts were
included; ADL=activities of daily living; C1=95% confidence interval with non-overlapping Cls indicating significant differences between subgroups;
IADL=instrumental activities of daily living; PSU=primary sampling unit; Significant differences between different subgroups and early participants

are marked in bold.
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Table 5 displays the sample composition of the adjusted gross sample and of the different subsamples of
participants after the sequential contact steps. The deviation from the adjusted gross sample was highest
after the first step of the sequential mixed-mode design (step la: 5.5). After the reminder letter (step 1b)
the deviation was reduced to 4.4, but was not further affected by step 2. The final step 3 (i.e. home
visit(s)) diminished the deviation from the gross sample remarkably (deviation factor=3.9), which is
particularly true for the extrapolated sample (deviation factor=2.5). Thus, this last step improved the
sample composition notably.

Table 5. Deviation in sociodemographic characteristics from subsamples of participants to the
adjusted gross sample

Adjusted After step  Afterstep  Afterstep  Afterstep2,  Afterstep  After step 3,

Gross 1a 1b 2, crude extrapolated® 3, crude extrapolated®

Sample

n=1,970 n=451 n=747 n=818 n=866 n=879" n=1,016

% %o Y % Y % Y
Sociodemographics — regisfer-
based information
Women 57.2 52.1 52.7 52.7 52.5 525 52.1
=80 years of age 304 253 25.0 259 26.1 269 29.0
Married/living in a registered 578 67.4 67.5 66.4 65.8 66.1 65.3
partnership
Non-German citizenship 4.0 22 2.1 24 2.7 24 26
Nursing home resident 5.1 1.1 1.7 1.6 1.5 23 3.4
Rural PSU 50.7 41.9 45.0 454 46.0 46.8 49.5
Telephone number available 41.2 43.7 41.6 46.2 48.0 44.7 42.4
Low purchasing power 65.1 58.5 60.8 62.0 62.9 62.8 65.4
Deviation to gross sample 55 44 45 45 3.9 25

Notes: “Rates were extrapolated for the random selection of initial non-respenders who received further recruitment efforts (i.e., telephone or home
visit group); *15 participants who were late responders due to step 1 and who were not selected for further recruitment effarts were included; Step

1a=participants after postal questionnaire was sent; Step 1b=participants after reminder letter was sent; Step 2=participants after telephone call(s)
(step 2a) vs. letter was sent announcing home visit (step 2b); Step 3=participants after additional home visit(s) (step 3a/b), i.e. at end of field

period. For each subsample, the deviation to the adjusted gross sample was calculated by addition of the absolute differences of each of the eight
variables divided by the number of all variables (n=8).

Non-response bias: Comparison of participants and non-participants

In our study, 879 individuals participated, while 1,091 were non-participants. Of these, 129 individuals
completed the non-responder short questionnaire (soft refusers), while 962 individuals were defined as
final non-responders. In a descriptive comparison, non-participants were more often female, 80 years of
age or older and nursing home residents, were less often married or living in a registered partnership and
more often had a non-German citizenship compared to participants (Table 6). Non-participants more often
lived in the rural PSU, and telephone numbers could less often be investigated by the provider for them.
Assessing associations of sociodemographic characteristics available for both participants and non-
participants with the chance of participation (vs. non-participation) using a logistic regression model
revealed that being married respectively living in a registered partnership (OR=1.7) and having the
German citizenship (OR=2.9) significantly and positively affected participation (p=<.001), while living in a
nursing home (OR=0.4) and living in a rural area (OR=0.7) significantly and negatively impacted
participation (p=.001), compared to their reference groups. No other significant associations remained in
this logistic regression model.
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Comparing descriptively, soft refusers were more often 80 years of age or older, were less often married
or living in a registered partnership and telephone numbers could less often be investigated by the
provider for them compared to participants (Table 6). The non-responder short questionnaire allowed us
to additionally compare descriptively soft refusers with participants regarding basic health characteristics,
level of education and proxy participation. Compared to participants, soft refusers more often participated
by proxy and more often had low levels of education. Regarding health-related factors, soft refusers more
often reported fair, bad or very bad self-rated health and limitations in daily life due to health problems.
We estimated a logistic regression model to assess the association for participation (vs. soft refusal) with
all sociodemographic and health-related characteristics available for both participants and soft refusers.
The analysis revealed that being married respectively living in a registered partnership (OR=1.7) and
having a telephone number available (OR=1.8) significantly and positively affected participation (p=<.05),

while using the offer of proxy participation (OR=0.4) was significantly and negatively associated with
participation (p=<.01). No other significant associations remained in this logistic regression model.

Table 6. Characteristics of total gross sample, participants, and non-participants at end of

field period

Total gross
sample
Participants Non-
participants
Total Soft refusers® Final non-
n=2,000 n=879 n=1,091 n=129 responders®
n=962
% (CI) % (CI) % (CI) % (CI) % (CI)
Register-based information
Women 57.1(54.8-59.2) 52.5(49.1-55.7) 61.0 (58.0-63.8) 57.4 (4B.7-65.8) 61.4 (58.3-84.5)
280 years of age 30.6 (28.6-32.6) 26.8 (24.0-29.9) 33.3(30.5-36.1)  3B.0 (30.0-46.7) 326 (29.7-35.7)
Married/living in a registered partnership 57.5(55.3-59.6) 66.1(62.9-69.2) 50.8 (47.8-53.7)  52.7 (44.1-61.2)  50.5 (47.4-53.7)
Non-German citizenship 4.7 (3.8-5.7) 2.4 (1.8-3.8) 5.3 (4.1-6.8) 2.3(0.7-7.0) 5.7 (4.4-7.4)
Nursing home resident 5.2 (4.3-6.2) 2.3 (1.5-3.5) 7.3 (5.9-9.0) 6.2 (3.1-11.9) 7.5 (6.0-8.3)
Rural PSU 50.0 (47.8-52.2) 46.8 (43.5-50.1) 53.8 (50.8-56.7) 51.2 (425-59.7) 54.2 (51.0-57.3)
Telephone number available 40.9 (38.7-43.0) 44.7 (41.4-48.0) 38.4 (35.6-41.3)  2B.7 (21.5-37.1)  39.7 (36.7-42.8)
Low purchasing power 65.0 (62.8-67.0) 62.8 (59.5-65.9) 66.9 (64.1-69.6) 67.4 (58.9-75.0) 66.8 (63.8-69.7)

Self- or proxy reported characteristics

Proxy participation
Level of education

38(2752)

12.4 (7.7-19.4)

low 28.3 (25.4-31.4) 41.3 (32.9-50.2)
middle 41.6 (38.4-45.0) 41.3 (32.9-50.2)
high 30.1 (27.1-33.2) 17.5 (11.7-25.2)

Fairl (very) bad self-rated health
Having 21 chronic disease

Limitations in daily life due to health
prablems

Long-term care benefits {Pflegegrad)

(
47.8 (44.5-51.1)
68.5 (65.3-71.5)
365.7 (32.6-39.0)

12.7 (10.7-15.1)

62.7 (53.8-70.8)
78.2 (70.0-84.7)
54.0 (45.1-62.6)

19.2 (13.1-27.2)

Notes: *Persons who did neot participate in the main study but completed the non-responder questicnnaire; "Persons, whe did not send back the nen-responder questionnaire,

refused participation in both the main study and the non-responder short guestionnaire or could not be contacied during the field pericd; Cl=95% confidence intarval with non-

owverlapping Cls indicating significant differences between subgroups; PSU=primary sampling unit; Significant diferences between different subgroups of non-participants and

participants are marked in bold.
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Reasons for non-participation

Among all 1,091 non-participants 36.1% (n=393) stated at least one reason for non-participation with a
range from 1 to 4 reasons. Out of these 393 individuals, the most frequently mentioned reason for non-
participation was a lack of interest in the study (42.4%) followed by illness (20.3%), concerns about the
study (16.2%; for example with regard to data protection), time restraints (12.2%), long absence during
the field period (9.1%), having to provide nursing care for family members (4.1%) and/or being not able to
participate (3.8%). A further 16.8% mentioned other reasons for non-participation, such as death of a
family member or a fundamental opposition to study participation.

Discussion

As a main result, the applied sequential mixed-mode design of the IMOA pilot study improved contact and
response rates compared to recruitment by postal contact only (contact rate: 71.7% vs. 51.7%; response
rate: 44.6% vs. 37.8%; respectively). This is in line with other studies that combined postal contact with
other contact modes and thereby improved their response rates [28, 36-39]. As further contact steps in
our study were only provided to random subgroups of initial non-responders, rates were extrapolated and
projected rates amounted to a contact rate of 94.4% and a response rate of 51.6%. Thus, with higher
resources even more individuals could have been reached by the applied survey design. The achieved
response rates exceed those reported in previous national general-population health surveys among
individuals aged 65 years or older of the Robert Koch Institute, which have varied between 20% for those
75 years or older and 33% for those aged 65 to 74 years in a health interview survey offering online and
postal questionnaires [47] and 38% for those 70 to 79 years and 47% for those 60 to 69 years in a health
examination survey [6]. In addition, our response rate also exceeds the response rate of 23% achieved in
a previous epidemiological cohort study of the population 65 years or older in Berlin, that used
comprehensive recruitment methods and only applied few exclusion criteria [53].

The final crude and extrapolated cooperation rates were lower compared to those after initial postal
contact (62.3%/54.6% vs. 88.8%, respectively). By each additional step of the sequential mixed-mode
design, the huge initial difference between response and cooperation rates (22.8% vs. 88.8%) diminished
as response rates increased and cooperation rates decreased. This can be explained by the remarkable
reduction of the proportion of non-contacts. However, compared to the initial postal contact, a lower
proportion of contacts resulted in study participation during later steps reducing cooperation rates. In
sum, the Health Monitoring at the Robert Koch Institute should benefit from contact modes additional to
the standard postal contact when surveying older individuals by increasing contact and response rates.

In general, at least one additional offer to facilitate participation was more often used among participants
of the telephone and home visit group compared to participants recruited by postal contacts only (36.8%,
43.9% vs. 6.2%). These offers increased the extrapolated response rate by 7.9%. Regarding the applied
additional offers, the choice of data collection mode was the most often used offer. However, this offer
was mainly used by initial non-responders. Thus, only 3.2% of the early participants who were recruited
by postal contact only chose a telephone or face-to-face interview. Among the total sample, proxy
participation and informed consent by legal representatives occurred rarely (3.8% and 1.4%). If this
option was chosen, it occurred mostly among the home visit group. Considering the proportion of
individuals 65 years or older, having a legal representative is becoming steadily more common with
higher age [54], and assuming that a substantial proportion of older adults with a legal representative will



have limited ability to consent to study participation, we suspect that we have missed potential study
participants who could have been reached via their legal representatives. Future studies will have to
develop better means of contacting and including legal representatives.

In addition, due to the later contact steps, the deviation of the realised sample from the gross sample
with respect to sociodemographic characteristics diminished notably, especially by the reminder letter
(step 1b) and the home visit(s) (step 3). In contrast, sample composition did not benefit from the second
step (telephone group: up to 10 telephone calls; home visit group: announcement letter). This result was
not surprising for two reasons: First, the increase of participants after step 2 can mainly be explained by
the telephone contacts of the telephone group (step 2a). Instead, the announcement of a home visit did
hardly affect the response rate (step 2b). Second, having an available telephone number was also
included in the calculation of the deviation factor. Therefore, the amount of persons with detectable
telephone number is much higher in this subgroup of participants, as a known telephone number was a
requirement for the telephone contact.

Consistent with other studies [30, 39, 55], late participants recruited via telephone or face-to-face
contacts were older, less well educated, and more often lived in an area with low purchasing power,
groups that are generally hard to reach in surveys [14, 56]. Like the majority of other studies that
compared early with late participants [30, 39, 55, 57-59], late participants in our study reported a poorer
health status compared to early participants. This seemed to be especially true for participants of the
home visit group contacted by the most expensive contact mode, i.e., face-to-face. As a recent
systematic review has shown [31], this contact mode also resulted in the inclusion of the highest
proportion of the oldest old (i.e., 80 years or older). In addition, these individuals had the highest
proportions of morbidity and limitations in physical functioning in our study. Thus, health surveys among
individuals 65 years or older should use more than one contact mode and more than one data collection
mode [31, 39], as estimates of health characteristics and subsequent estimates of health care needs
could otherwise clearly be biased.

Although the non-response bias was reduced, it still occurred in our study. Regarding the comparison
between participants and non-participants, we found patterns that are well-known in the literature [20,
25, 27, 28]: Non-participants were more often not married, nursing home residents or had a non-German
citizenship, and they more often lived in the rural PSU. In contrast to others who reported that non-
participants lived more often in socially deprived living areas [20, 27], we did not observe differences
among participants and non-participants regarding low purchasing power of their living area.

The follow-up non-responder questionnaire helped to gather minimal information from the oldest old,
unmarried individuals, persons with low levels of education and those who made use of proxy interviews
as well as persons without available telephone number. Moreover, and in line with previous studies [15,
22, 23, 25, 28], the inclusion of soft refusers in the survey affected the sample composition with regard to
health-related outcomes. Soft refusers more often reported limitations in daily life due to health
problems, and their self-rated health was more often fair, poor or very poor compared to participants.
However, not all of these univariate associations remained significant in the multivariable logistic
regression model. This was especially true for those associations with health-related outcomes.
Furthermore, the analysis of reasons for non-participation indicated as well that non-participation in our
study was associated with poorer health. As found in other studies [20, 22, 27, 28], illness was one of the
main reasons for non-participation. However, the relatively small numbers have to be taken into account.



Strengths and limitations

The main strengths of our study consist of applying only a few exclusion criteria; older age as well as
physical or mental disability were not among them. In addition, some of our non-response analyses are
based on sociodemographic register-based data for the total sample.

However, the study has a number of limitations. First, the different contact modes in our sequential
mixed-mode design were not randomly allocated, and hence, the presented differences cannot
completely be explained by the provided contact mode. Additional analyses (not presented) showed that
individuals in the total sample for whom a telephone number was available differed significantly from
those without an available telephone number regarding sociodemographic characteristics: they were
more often married and lived in the rural PSU as well as had rarely a non-German citizenship or were
nursing home residents. Therefore, nursing home residents in our study could only be reached by a face-
to-face contact when postal contact failed [42]. Thus, if a face-to-face contact is not provided within a
survey design, this will be one reason why some hard-to-reach groups such as nursing home residents
and migrants will be underrepresented among study participants. Second, due to limited financial
resources, it was necessary to limit further recruitment efforts to random subgroups of initial non-
responders. This resulted in rather small numbers of participants in the telephone and the home visit
group. Thus, the reported 95% confidence intervals were rather large in the analyses comparing these
groups, which precluded multivariable analyses of differences between early and late participants.
Nonetheless, it was possible to detect some differences between participants according to the contact
mode. In addition, we tried to extrapolate the effects of our study design to those initial non-responders
not selected for further recruitment to achieve at least some estimates about what could have been
expected if these steps had been applied to the total sample. Third, the present study was conducted as a
pilot study based on two PSUs only. Our main focus was the application of a sequential mixed-mode
design and to understand and describe potential difficulties. Therefore, the study had rather a feasibility
character and was not aimed at providing population-based prevalence estimates. Therefore, we did not
apply population weights and our estimates of health characteristics can only be interpreted as
proportions rather than prevalence estimates in the selected regions. Fourth, sequential mixed-mode
designs have “a potential for measurement error as the modes used may cause measurement
differences” [32, p. 241]. We did not control for potential measurement differences in our analyses. Fifth
and finally, as our results relied on two PSUs only, which precludes the generalisability of our findings.

Practical implications

In sum, a sequential mixed-mode design starting with an inexpensive and resource-saving contact mode,
such as postal contact, followed by more expensive contact modes, can contribute to enhanced response
rates among older individuals and saves costs at the same time. Moreover, the offer of different data
collection modes improves sample composition in samples of older individuals as in the IMOA pilot study.
Furthermore, differences in sociodemographic characteristics between the total sample and the realised
sample could be reduced due to the additional contact modes. Moreover, age-related adapted design
features like proxy participation and choice for data collection mode were infrequently used in our study.
Nevertheless, they are judged of paramount importance when aiming at integrating specific subgroups of
older individuals, which could otherwise not participate. However, illness as reason for non-participation
was still very present in the IMOA pilot study. Thus, more research is needed for the development of age-
specific design features allowing individuals with cognitive and/or physical impairments to participate in
surveys.

The experiences of the IMOA pilot study will support the design of the next national health interview and



examination survey for adults in Germany which aims to reduce participation barriers for older people
with functional impairments. One arm of this survey will explicitly be based on a two-stage cluster random
sample of adults 65 years residing in Germany. Thus, it will provide a better data set for subgroup
analyses that were beyond the scope of the present explorative study

Conclusion

To conclude, the sequential mixed-mode design of the IMOA pilot study seems to have been successful in
improving contact and response rates as well as achieving a more heterogeneous sample composition
and thus better resembling the gross sample in a general-population health study among individuals aged
65 years or older. In addition, register-based and external data as well as the integrated non-responder
analysis indicated that some non-response bias still existed in our study. However, if this survey design is
applied in future health surveys, it will lead to higher recruitment costs, especially as only a small
proportion of our total sample had an available telephone number. Therefore, face-to-face contacts will
most often be the only alternative contact option when postal contact fails. One cost-saving possibility
could be the integration of supplemental study methods such as linkage to Geo information [60, 61],
medical records or other registers [e.g. 22]. This approach could minimise the research burden for
participants, the duration of data collection, missing data and the non-response bias. Nonetheless, health
research campaigns are urgently needed for gaining a better image of health studies in the general
public. To further improve participation in health studies, it seems essential to increase knowledge, to
raise interest and to tackle concerns about health studies among individuals 65 years or older and their
social surroundings, e.g. in broader mass media actions.
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