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Abstract 

Background  Recruiting participants for lifestyle programmes is known to be challenging. Insights into recruitment 
strategies, enrolment rates and costs are valuable but rarely reported. We provide insight into the costs and results of 
used recruitment strategies, baseline characteristics and feasibility of at-home cardiometabolic measurements as part 
of the Supreme Nudge trial investigating healthy lifestyle behaviours. This trial was conducted during the COVID-
19 pandemic, requiring a largely remote data collection approach. Potential sociodemographic differences were 
explored between participants recruited through various strategies and for at-home measurement completion rates.

Methods  Participants were recruited from socially disadvantaged areas around participating study supermarkets 
(n = 12 supermarkets) across the Netherlands, aged 30–80 years, and regular shoppers of the participating supermar-
kets. Recruitment strategies, costs and yields were logged, together with completion rates of at-home measurements 
of cardiometabolic markers. Descriptive statistics are reported on recruitment yield per used method and baseline 
characteristics. We used linear and logistic multilevel models to assess the potential sociodemographic differences.

Results  Of 783 recruited, 602 were eligible to participate, and 421 completed informed consent. Most included 
participants were recruited via letters/flyers at home (75%), but this strategy was very costly per included participant 
(89 Euros). Of paid strategies, supermarket flyers were the cheapest (12 Euros) and the least time-invasive (< 1 h). 
Participants who completed baseline measurements (n = 391) were on average 57.6 (SD 11.0) years, 72% were female 
and 41% had high educational attainment, and they often completed the at-home measurements successfully (lipid 
profile 88%, HbA1c 94%, waist circumference 99%). Multilevel models suggested that males tended to be recruited 
more often via word-of-mouth (ORfemales 0.51 (95%CI 0.22; 1.21)). Those who failed the first attempt at completing the 
at-home blood measurement were older (β 3.89 years (95% CI 1.28; 6.49), whilst the non-completers of the HbA1c (β 
− 8.92 years (95% CI − 13.62; − 4.28)) and LDL (β − 3.19 years (95% CI − 6.53; 0.09)) were younger.
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Conclusions  Supermarket flyers were the most cost-effective paid strategy, whereas mailings to home addresses 
recruited the most participants but were very costly. At-home cardiometabolic measurements were feasible and may 
be useful in geographically widespread groups or when face to face contact is not possible.

Trial registration  Dutch Trial Register ID NL7064, 30 May 2018, https://​trial​search.​who.​int/​Trial2.​aspx?​Trial​ID=​NTR73​
02

Keywords  SES, Prevention, Intervention, Diet, Physical activity

Background
Cardiometabolic diseases (CMD), including type 2 diabe-
tes and cardiovascular diseases, pose a major individual 
and societal burden  [1, 2]. Differences in prevalence of 
CMD and lifestyle behaviours have been associated with 
socioeconomic position (SEP), with a higher CMD bur-
den for individuals with a low SEP [3]. It is well estab-
lished that maintaining healthy lifestyle behaviours 
reduces CMD risk, but this is not straightforward for 
most individuals. For example, population surveys on 
dietary patterns show that at least half of Dutch adults 
do not adhere to dietary guidelines and even less than 
25% consume enough fruit and vegetables [4], despite the 
widespread availability of information on the composi-
tion of a healthy diet.

It is clear that solely providing information on a healthy 
lifestyle is not sufficient to change behaviour, as many 
other individual-level factors than knowledge affect 
lifestyle behaviour, including motivations, beliefs, per-
sonal resources and preferences [5, 6]. In turn, these 
factors are driven by more ‘upstream determinants’ in 
the social-cultural environment (e.g. cultural beliefs on 
what is healthy), the built environment (e.g. availability 
of healthy food outlets), the economic environment (e.g. 
food prices) and the policy environment (e.g. health-pro-
motion campaigns) [6–12]. Healthy lifestyle programmes 
that are designed to address these individual-level and 
upstream determinants could contribute to a CMD risk 
reduction and reduce health inequalities.

The effectiveness of lifestyle programmes is usually 
evaluated by randomised controlled trials, for which the 
inclusion of sufficient study participants is paramount. 
Low inclusion rates can result in a lack of statistical 
power to evaluate study findings [13, 14], leading to a 
waste of research funding. However, including a suffi-
cient number of participants is known to be challenging. 
Well-designed recruitment strategies which are tailored 
to the target group are, therefore, crucial. Tailoring can 
be based on sociodemographic, sociocultural and socio-
economic characteristics and the developed recruitment 
strategy should match the study type and its design [15].

The combination of active and passive recruitment 
strategies is often used. Examples are the use of flyers, 
email invites or social media posts (all passive strategies) 

and face-to-face recruitment at the location of the tar-
get population (active strategy) [16–19]. Passive recruit-
ment strategies are reported to be more cost-effective in 
the recruitment of participants for healthy lifestyle pro-
grammes than active strategies [18–20]. Active recruit-
ment strategies, however, seem most effective in reaching 
those who would be likely to benefit most from a life-
style programme [19, 20]. For instance, Smit et al. (2021) 
showed that of all participants enrolled in their trial, 
the healthiest participants in terms of physical activity 
guideline adherence were recruited via passive strategies 
such as personal letters/flyers, social media and word-
of-mouth. In contrast, those with lower physical activity 
guideline adherence were more often recruited via health 
professional referrals (active strategy) [19].

Previous studies show that adults with a low SEP are a 
diverse group for whom various barriers exist to partici-
pate in healthy lifestyle programmes. Also, response rates 
are often lower than for those with a high SEP [21–24]. 
Examples of barriers to participation are psychosocial 
barriers, such as having other priorities or being scepti-
cal, study-related challenges such as overly complex study 
materials and other reasons such as lack of motivation 
[21], family issues or financial constraints [25]. As such, it 
is important to account for potential barriers among the 
target group prior to recruitment (e.g. by providing easy-
to-understand recruitment materials). In addition, when 
aiming to reach a diverse study population, it is likely 
important to use a variety of recruitment strategies [21, 
25]. Yet, it is unclear which strategies can be most (cost)
effective to reach a study sample consisting of a variety of 
individuals, including for example individuals with a low 
SEP.

Insights from projects into recruitment strategies and 
costs, participant enrolment rates and characteristics of 
the included study sample are valuable to learn from and 
for planning of new projects. However, detailed recruit-
ment information and especially insights into costs and 
yield in terms of participant characteristics are rarely 
reported. We conducted a real-life trial—the Supreme 
Nudge trial—that aimed to promote healthy lifestyle 
behaviours within socially disadvantaged neighbour-
hoods in the Netherlands [26, 27]. We focused on healthy 
food choices via the implementation of nudging and 

https://trialsearch.who.int/Trial2.aspx?TrialID=NTR7302
https://trialsearch.who.int/Trial2.aspx?TrialID=NTR7302
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pricing strategies in real-life supermarkets and on healthy 
walking behaviours via a smartphone coaching app. This 
trial was conducted during the COVID-19 pandemic, 
which required a predominantly remote recruitment 
and data collection approach. This paper aims to pro-
vide insight into the costs, feasibility and results of used 
recruitment strategies, the baseline characteristics of 
the included study sample and the feasibility of at-home 
measurement of cardiometabolic risk markers. Further-
more, we explored potential sociodemographic differ-
ences in the most effective recruitment strategies and 
completion of the at-home measurements of cardiometa-
bolic risk makers.

Methods
The Supreme Nudge trial
Data presented in this paper are based on the recruit-
ment and baseline measurement of the Supreme Nudge 
parallel cluster-randomised controlled trial, of which the 
study protocol was previously published [26]. Briefly, in 
the Supreme Nudge trial, we implemented nudging and 
pricing strategies in supermarkets to promote healthy 
food purchases. In addition, a smartphone physical 
activity coaching app and a step counting app were ran-
domised on the individual level across all supermarket 
clusters with the aim to increase daily step counts by pro-
viding this dynamically tailored coaching content. Partic-
ipants in the physical activity intervention group received 
the step counter app plus a mobile coaching app sending 
messages, and participants in the control group received 
only the step counter app. Our target sample size was 
to include at least 360 participants to secure sufficient 
power for evaluation of the primary trial endpoint [26].

Twelve supermarkets of a Dutch supermarket chain 
within socially disadvantaged neighbourhoods partici-
pated in the trial. Supermarkets were located in relatively 
rural areas across different towns in the Netherlands. 
A socially disadvantaged neighbourhood was defined 
based on a below national average socioeconomic sta-
tus score as calculated by The Netherlands Institute for 
Social Research [28]. The status scores were based on 
average levels of education, income and employment per 
postal code. The intervention implementation duration 
was 6  months to 1  year, depending on the supermarket 
enrolment date (further explained below). Participants 
were recruited from socially disadvantaged areas sur-
rounding the participating supermarkets, and further eli-
gibility criteria included: being between 30 and 80 years 
of age, being a regular shopper at a participating super-
market (> 50% of weekly household groceries purchased 
at participating supermarket), having the intention to 
continue visiting the supermarket for the next (half ) year 
and being able to communicate in the Dutch language 

adequately. Additional individual-level randomisation in 
the smartphone physical activity intervention required 
participants to use a smartphone with a mobile data plan 
and Android 8, iOS 13 or more recent software versions 
installed, to have experience with mobile text messaging 
and to have no contra-indication for light physical activ-
ity. Follow-up measurements took place after 3 months, 
6  months, and, depending on supermarket enrolment 
date, 12 months.

Participant recruitment and data collection for the 
trial were initially planned to take place in face-to-face 
appointments with participants. However, the COVID-
19 pandemic forced us to adapt our protocols to a largely 
remote recruitment and data collection approach [26].

Recruitment strategies
A stepwise recruitment strategy was applied, starting 
with a set of passive strategies followed by active strat-
egies. The recruitment period ran from mid-January 
until November 2021 (Additional file  1: Supplementary 
Table 1). Passive strategies used first were news articles in 
local (online) media and flyers distributed in the super-
market and via mail. Next, Facebook posts were placed 
on the participating supermarket pages, posters were 
displayed in-store and at some other relevant locations 
in the neighbourhood (e.g. physiotherapy practices) and 
postal invitation letters were sent to every household 
of the municipality around the included supermarkets. 
Thereafter, the supermarket’s customer panels were sent 
an email invitation, a municipality-targeted social media 
campaign was launched (Facebook and Instagram) and 
an advertisement was placed on the website of the Dutch 
Heart Foundation (study funder). Moreover, two active 
recruitment approaches were used in addition to the pas-
sive strategies. The first was to encourage included par-
ticipants via phone to ask their partner or neighbours 
to register for screening (promoting word-of-mouth), 
and the second was recruitment in the supermarket by 
researchers. As recruitment phases took place during 
10  weeks in the spring and autumn of 2021, COVID-
19-related restrictions were in place with varying inten-
sity; a national lockdown was in effect at the start of the 
recruitment period, which was loosened by late spring. 
Therefore, the active in-store recruitment by the research 
team was conducted only when the restrictions allowed 
this—approximately halfway through the recruitment 
period. The recruitment materials mentioned that par-
ticipants would receive a free grocery box after successful 
study completion.

Data collection
The incurred costs and total staff hours needed for each 
recruitment strategy were logged by the research team 
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in spread sheets. Total material cost (Euros) consisted 
of the sum of material costs spent on paper, envelopes 
and mailing costs of the recruitment letters or for exam-
ple travel costs for in-store recruitment. Our supermar-
ket partner helped with the design of the flyers, which 
was free of cost for the research team. Total time spent 
(hours) by research staff was calculated as the sum of all 
staff hours, which consisted of a combination of (unpaid) 
research interns and (paid) research assistants and pre-
doctoral research fellows. All costs were made during the 
recruitment period. Information on participant registra-
tions, eligibility, inclusion rates and measurement com-
pletion were centralised via a cloud-based clinical data 
management platform (Castor Electronic Data Capture). 
The screening questionnaire included an item asking par-
ticipants how they had heard about the trial. Participants 
could provide multiple answers based on a pre-defined 
list describing all applied recruitment strategies, plus an 
open-ended answering option.

Data were self-reported and self-assessed by par-
ticipants at home, considering the COVID-19-related 
restrictions. Data collection and study procedures 
are reported in a protocol paper [26]. This paper also 
reports in detail the exact measurements at the differ-
ent time points during follow-up of the trial. Briefly, via 
the screening and baseline questionnaires, data were col-
lected on participant characteristics including sex (male, 
female), age, highest completed educational attainment 
(here categorised as follows: low educational attain-
ment: no education and primary education, medium 
educational attainment: secondary educational attain-
ments, high educational attainment: tertiary educational 
attainments), household size (number of adults, number 
of children) and smoking status (current, irregular, for-
mer, never). In addition, questionnaire items on medical 
history asked participants about prevalent type 2 dia-
betes, hypertension, hyperlipidaemia and cardiovascu-
lar diseases and about medication use for these health 
conditions.

The primary trial outcome was adherence to the Dutch 
dietary guidelines, measured via the Dutch Healthy Diet 
2015 food frequency questionnaire. Adherence to the 
Dutch dietary guidelines could range from 0, reflecting 
no adherence, to 150, reflecting full adherence (DHD15-
index scores) [29]. Secondary outcomes were cardio-
metabolic risk markers, daily step counts, questionnaire 
items related to lifestyle behaviours and healthy food pur-
chases, which are all further detailed below.

Cardiometabolic risk markers comprised of waist cir-
cumference (cm), HbA1c (mmol/mol), LDL-cholesterol 
(mmol/L), HDL-cholesterol (mmol/L), total cholesterol 
(mmol/L), total cholesterol/HDL-ratio and triglycerides 
(mmol/L). At-home measurement of cardiometabolic 

markers required participants to self-assess their waist 
circumference and perform a finger prick to collect cap-
illary blood into two small capillary tubes. Instructional 
materials for the at-home measurements included a step-
by-step instruction letter and a web-based video. The 
blood samples were sent back to the hospital lab via a 
medical return envelope in the mail, which took on aver-
age one day before the sample arrived in the lab. Results 
were analysed by enzymatic colorimetric test via the 
Roche/Hitachi Cobas C systems. In contrast to HbA1c, 
blood lipids remain less stable at room temperature 
(i.e. during mailing of the sample). As such, more inva-
lid measurements of lipid profiles were expected. When 
the lab indicated the blood sample was invalid, partici-
pants were invited to collect another blood sample up to 
a maximum of three attempts. Research staff conducted 
home visits for participants requesting assistance with 
the cardiometabolic measurements as soon as COVID-
19 restrictions allowed.

Data collection regarding the healthy food purchases 
were based on a supermarket loyalty card which partici-
pants were instructed to use during each supermarket 
visit for the complete study period. A baseline measure-
ment for this outcome was defined as an average total 
percentage of healthy food and beverage purchases dur-
ing a 4-week pre-intervention period, for those partici-
pants who started using a loyalty card during this period.

Daily step counts were measured via a step counter app 
that was developed as part of the Supreme Nudge app-
based physical activity coaching system (SNapp). The 
development process of SNapp is described in greater 
detail elsewhere [30]. In brief, the app continuously quan-
tifies step count using the smartphone’s built-in pedom-
eter or accelerometer. Every hour, the app synchronises 
with a database server to store the user’s current step 
count level, date, time and type of sensor used for step 
count tracking (i.e. either a pedometer or accelerometer). 
The app is compatible with Android and iOS devices. 
Participants were asked to install the app based on tex-
tual and video instructions and to run the app on their 
personal smartphones during the Supreme Nudge trial. 
Participants received written instructions on how to use 
the app and were encouraged to carry their phones on 
their bodies as much as possible throughout the day. For 
the purpose of this study, the number of steps taken per 
day was averaged over a 7-day baseline period. We con-
ducted a small validation study to explore whether the 
step counts derived from our app corresponded to step 
counts derived from default smartphone step counters 
(e.g. Samsung Health or the iOS Health app) and to step 
counts derived from accelerometers. We asked a con-
venience sample of 20 participants to wear GT3X Acti-
Graphs for at least 7 days and to report their wear time 
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(start- and end time) in a diary. We also asked them to 
install our step counter app and, if available, report daily 
step count derived from their smartphones’ default step 
counters. Eleven participants had sufficient data avail-
able (≥ 4 days of GT3X ActiGraph accelerometer wear 
time and ≥ 4 days of reported step counts based on their 
default smartphone step counter). The Spearman’s corre-
lation coefficient comparing the step counts derived from 
our app with those derived from default smartphone 
step counters was 0.62. The Spearman’s correlation coef-
ficient comparing the step counts derived from our app 
with those derived from the accelerometers was 0.66. 
Based on these results, we considered our app to per-
form acceptable in counting steps in order to serve our 
research purposes.

Questionnaire data related to lifestyle behaviours were 
food decision styles, including reflective [31], habitual [32, 
33] and impulsive [31, 34, 35] decision styles, nudges and 
social cognitive factors which measured health goals [36, 
37], healthy shopping [38, 39], perceived social norm [40] 
and attractiveness of healthy foods [41], customer satis-
faction measured via one general satisfaction score and 
eight sub-components and walking behaviours and social 
cognitive factors [42, 43]. All these questionnaire items 
were measured on 7-point Likert scales, ranging from 
fully disagree (1) to fully agree (7).

Study outcomes and statistical analyses
The material costs, feasibility and yield of used recruit-
ment strategies were assessed via descriptive statis-
tics. Descriptive statistics report the total material cost 
(Euros) and total time spent (hours) by research staff for 
each applied recruitment strategy. In addition, the num-
ber and percentage (n(%)) of participants, the material 
costs, and hours spent per recruitment strategy are pre-
sented for (a) registered participants who completed eli-
gibility assessment, (b) eligible participants, (c) included 
participants in the cluster-randomised trial, and (d) par-
ticipants who completed the baseline measurement for 
the primary study outcome. Calculations of costs and 
hours spent per strategy are based on the total costs/
hours per strategy divided by the number of participants 
(a) registered, (b) eligible, (c) included and (d) completed 
the baseline measurement for the primary trial outcome 
per recruitment strategy. All hours are calculated includ-
ing travel time starting from the research office. Moreo-
ver, percentages are presented for the proportion of 
participants who indicated to have been recruited via one 
or two or more strategies.

Participant baseline characteristics and baseline meas-
urements on trial outcomes are presented for the total 
sample. Continuous variables are described by the mean 
and standard deviation (SD) for normally distributed 

variables or by the median and interquartile range (IQR) 
for non-normally distributed variables. Categorical vari-
ables are presented by their number and percentage. 
Participant characteristics were explored stratified by 
supermarket location for visual inspection of potential 
differences in participant characteristics. Considering the 
physical activity intervention was randomised and imple-
mented at the individual level, baseline characteristics 
and step count data for the control versus intervention 
participants of the physical activity coaching app inter-
vention are presented in a separate baseline table.

To explore potential sociodemographic differences 
(age, sex, and educational attainment) within the top five 
most effective recruitment strategies, we assessed asso-
ciations between the recruitment strategies (independent 
variables) and the sociodemographic variables (depend-
ent variables) using linear multilevel models for age and 
logistic multilevel models for sex and educational attain-
ment. All models included a random intercept on the 
supermarket level. Males were used as reference category 
in the analyses of sex, and the combination of low and 
medium educational attainment was used as reference 
category for the analyses of educational attainment. Par-
ticipants with low and medium education were combined 
in one reference category due to very low participant 
numbers in the low educated group (< 10 participants for 
five out of the ten investigated outcomes). Moreover, we 
provided insight into the feasibility and costs of at-home 
measurement of cardiometabolic risk by reporting the 
related costs in terms of travel costs and staff hours for 
home visiting. Travel costs (Euros) and staff hours were 
calculated as the sum of all costs and staff hours related 
to the home visits. Furthermore, descriptive statistics are 
presented for the number and percentage (n(%)) of par-
ticipants who (a) had a failed first attempt at the blood 
measurement and were invited for a second attempt, (b) 
ultimately did not complete the HbA1 and LDL measure-
ment after a maximum of two attempts and (c) indicated 
to drop-out of the study due to experienced difficulties 
with the at-home measurements. Last, using the same 
analytical approach as for exploring sociodemographic 
differences in recruitment strategies, we explored poten-
tial sociodemographic differences in participants who 
required assistance via a home visit to complete the at-
home measurement of cardiometabolic risk; who had a 
failed first attempt at the blood measurements or who 
were ultimately non-completers of the at-home meas-
urement of HbA1c, LDL-cholesterol and/or waist cir-
cumference. Successful completion of cardiometabolic 
measurements was defined as completing a valid meas-
urement result, after one or multiple attempts.

We presented regression coefficients and 95% con-
fidence intervals to demonstrate the variation in 
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recruitment effectiveness and at-home measurements 
across sociodemographic subgroups. We do not describe 
whether associations were statistically significant, 
because of the low numbers in some of the analysed sub-
groups. All analyses were conducted in R (version 4.0.3) 
using the packages table1 [44] and lme4 [45].

Results
Recruitment costs, yield and differential effectiveness 
per strategy
Figure 1 presents the participant flowchart up to baseline 
measurement completion of the primary trial outcome. 
In total, 783 individuals registered for participation, 602 
(77%) were eligible and 421 (54%) were included as study 
participants after completing informed consent. The 
majority of participants who completed the eligibility 
assessment indicated to have been recruited via a single 
strategy (83%). Additionally, 16% indicated to have been 
recruited via two methods and 1% reported to have been 
exposed to three or more recruitment strategies. Most 
of the included participants (n = 421) were recruited via 
letters/flyers received at home (n = 314; 75%) or flyers 

received at the supermarket (n = 52; 12%) (Table 1). Less 
frequent reported strategies were in-store recruitment by 
a researcher (n = 32; 8%), news items (n = 31; 7%), word-
of-mouth (n = 24; 6%) and social media (n = 16; 4%). Of 
paid strategies, flyers in the supermarket were the cheap-
est per participant included through this method (12 
Euros) and the least time-invasive for research staff (< 1 
h), whilst the most expensive strategies were the social 
media campaigns (194 Euros) and mailing of letters/fly-
ers (89 Euros). In-store recruitment was high in terms of 
staff hours per included participant (9 h) as well as costs 
(50 Euros) (Table  1). A detailed breakdown of the costs 
per recruitment strategy is provided in Supplementary 
Table 2 (Additional file 1).

Baseline characteristics of the included study sample
We enrolled 421 participants out of which 18 dropped 
out of the study before completing any baseline meas-
urements and two never performed baseline measure-
ments (Fig.  1). As such, baseline data were collected 
from 401 study participants, of which ten did not 
provide data for the primary study outcome and were 

Fig. 1  Participant flowchart of the Supreme Nudge trial 
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therefore excluded, leaving 391 participants in the 
baseline sample. A total of 326 participants were ran-
domised in the physical activity app intervention. Of 
those participants, 64 were excluded before the base-
line period because they (1) never installed the step 
counter app, despite having received three reminders 
(n = 36; 56%), (2) used a smartphone that was incom-
patible with the step counter app (n = 20; 31%) or (3) 
were unwilling to install the step counter app (n = 8; 
13%).

Trial participants who completed the measurement 
of the primary trial outcome (n = 391) had a mean 
age of 57.6 (SD 11.0) years, 71% (n = 282) were female 
and 41% (n = 162) were highly educated (Table 2). The 
population characteristics were approximately equally 
distributed across supermarket clusters, although some 
clusters included relatively more participants with 
high educational attainment than others (Additional 
file 1: Supplementary Table 3). On average, participants 
scored 104.7 (SD18.6) points on the DHD15-index 
(Table 2).

Table  3 presents the baseline and demographic char-
acteristics of the participants in the physical activity app 
intervention. A total of 137 participants were randomly 
assigned to the control group and 125 participants to the 
intervention group. All these participants completed the 
baseline measurement of step counts. Participants (mean 
age 56.6 years (SD 11.0); n = 195 (74%) females; n = 113 
(43%) high educated) mostly used Android smartphones 
(n = 184/262, 70%) and walked a median of 2710 (IQR 
3696) steps per day during the 7-day baseline period. 
Daily step counts at baseline were equally balanced 
between the control and intervention groups.

Sociodemographic differences in effectiveness 
of recruitment strategies
Flyers in the supermarket (β 2.56 years (95% CI − 0.63; 
5.85)) and media news articles (β 2.33 years (95% CI 
− 1.69; 6.44)) recruited somewhat older participants and 
relatively more females (flyers: ORfemales 1.91 (95% CI 
0.93; 4.31) and news articles: ORfemales 1.64 (95% CI: 0.69; 
4.51)). Word-of-mouth tended to recruit relatively more 
males (ORfemales 0.51 (95% CI 0.22; 1.21)). Those with low 
and medium educational attainment tended to be more 
often recruited via flyers in the supermarket (ORhigh edu-

cation 0.72 (95% CI 0.38; 1.33)) and news articles (ORhigh 

education 0.67 (95% CI 0.29; 1.45)), whilst those with high 
educational attainment via in-store recruitment (ORhigh 

education 1.75 (95% CI 0.81; 3.81)) (Table  4). Descriptive 
statistics and the absolute numbers analysed per group 
are presented in Supplementary Table  4 (Additional 
file 1).

Feasibility and sociodemographic differences in at‑home 
measurement of cardiometabolic risk
At-home measurements were often completed success-
fully, as for lipid profile 88% (n = 342) of participants 
completed the measurement, 94% (n = 369) for HbA1c 
and 99% (n = 385) for waist circumference (Table  1). 
Researcher assistance with the at-home measurements 
was requested by 17% (n = 68) of the total sample. On 
average, the time spent per participant by research staff 
was almost 2  h (including preparation time and travel 
time), and the accompanying travel costs via a shared 
rental car were 24 Euros, resulting in 129 staff hours and 
1672 Euros travel costs in total during the baseline meas-
urements attributable to conducting home visits. A first 
attempt at the blood measurements failed for 86 par-
ticipants (22%), who were invited for a second attempt. 
Ultimately, the HbA1c measurement was not completed 
by 20 participants (5%) and the LDL measurement by 47 
participants (12%). Three participants (< 1%) dropped 
out of the study due to persisting difficulties with the at-
home measurements.

Those with a failed first attempt at the blood measure-
ment were relatively more often lower educated (ORhigh 

education 0.64 (95% CI 0.38; 1.06)) and relatively older (β 
3.89 years (95% CI 1.28; 6.49), whilst the non-completers 
of the HbA1c (β − 8.92 years (95% CI − 13.62; − 4.28)) 
and LDL (β − 3.19 years (95% CI − 6.53; 0.09)) were 
relatively younger. Among non-completers of the waist 
circumference measurement were relatively more males 
than females (ORfemales 0.18 (95% CI 0.03; 0.95) (Table 5). 
Descriptive statistics and the absolute numbers analysed 
per group are presented in Supplementary Table 5 (Addi-
tional file 1).

Discussion
This paper reports on costs, feasibility and results of used 
recruitment strategies, baseline characteristics of the 
study sample, potential sociodemographic differences in 
successful recruitment strategies and feasibility of cardio-
metabolic measurements at home. The results indicate 
that letters/flyers sent to home addresses and distributed 
in the supermarkets recruited most participants. Super-
market flyers were the cheapest and least time-invasive 
of all paid recruitment strategies. The social media cam-
paign was the most expensive, and mailings of recruit-
ment letters and in-store-recruitment were the most 
time-invasive and therefore costly in terms of recruited 
staff hours. Flyers in the supermarket and media news 
articles seemed to recruit relatively more females and 
word-of-mouth seemed to recruit relatively more males. 
At-home measurement of cardiometabolic markers was 
feasible, as they were successfully completed by most 
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Table 2  Participant characteristics of the Supreme Nudge trial and baseline measures of outcomes, for the total sample (n = 391)

Total sample (n = 391)

Population characteristics
Age, years, mean (SD) 57.7 (11.0)

Femalea, n (%) 282 (72.1)

Educational attainment, n (%)

  Low 96 (24.6)

  Medium 133 (34.0)

  High 162 (41.4)

Household size, n adultsa (median [IQR]) 2 [1]

Household size, n childrena (median [IQR]) 0 [1]

Smoking statusa, n (%)

  Current smoker 22 (5.6)

  Irregular smoker 10 (2.5)

  Former smoker 184 (46.8)

  Never smoked 173 (44.0)

Prevalent type 2 diabetesa, n (%) 24 (6.1)

Medication for type 2 diabetesa, n (%) 23 (5.9)

Prevalent hypertensiona, n (%) 60 (15.3)

Medication for hypertensiona, n (%) 77 (19.6)

Prevalent hyperlipidaemiaa, n (%) 55 (14.0)

Medication for hyperlipidaemiaa, n (%) 55 (14.0)

Prevalent cardiovascular diseasea, n (%) 46 (11.7)

Primary outcome
  Total dietary guideline adherence, scored 0 (low adherence) to 150 (high adherence), mean (SD) 104.7 (18.6)

Secondary outcomes
Dietary guideline adherence on sub-components, scored 0 (low adherence) to 10 (high adherence), mean (SD) or median [IQR]:

  Vegetables 6.1 (3.2)

  Fruits 6.7 (3.4)

  Whole grains 7.3 (2.8)

  Legumes 8.7 [10.0]

  Nuts 5.8 [8.1]

  Dairy 5.8 [6.5]

  Fish 6.2 (3.5)

  Cooking fats and butter 10.0 [9.7]

  Tea 5.0 [9.8]

  Coffee 7.8 (2.7)

  Red meat 8.9 (2.6)

  Processed meat 5.5 [6.3]

  Sugar sweetened beverages 8.0 (3.2)

  Alcoholic beverages 8.1 (3.3)

  Salt 8.3 (2.1)

Cardiometabolic measures, mean (SD):

  HbA1cb, mmol/mol 37.4 (7.3)

  LDL-cholesterolc, mmol/L 3.0 (1.0)

  HDL-cholesterol d, mmol/L 1.6 (0.5)

  Total cholesterole, mmol/L 5.4 (1.1)

  Total cholesterol/HDL-ratioe 3.7 (1.2)

  Triglyceridesf, mmol/L 1.8 (1.0)

Waist circumferenceg, cm, mean (SD):

  Females 94.0 (13.7)
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participants. Older participants had more often a failed 
first attempt of blood measurement, whilst younger par-
ticipants were more often non-completers of the blood 
measurements.

The success of mailing letters and flyers to home 
addresses and the distribution of flyers in the supermar-
ket is likely due to their wide reach and the fact that these 
strategies were used early in the recruitment process. 
The fact that our social media campaign, which was used 
later, appeared very costly in terms of recruitment yield 
is in contrast to what other studies showed. In studies 
where social media were used as the primary recruitment 
method, it appeared (cost)-effective (e.g. ~6–14 Euros 
per included participant [46, 47]). It is possible that many 
of our study participants had already registered early in 
the recruitment process before exposure to the social 
media campaign. The social media campaign may have 
persuaded those who were initially doubtful or forgot 
about the study after having first received a letter or flyer. 
The same could apply to in-store recruitment, as many 

shoppers had mentioned that they had seen a flyer but 
had not acted upon it. Although it is to be expected that 
participants registered after having been exposed to mul-
tiple recruitment strategies, only a few participants indi-
cated to have been recruited via multiple strategies. This 
could be the result of underreporting due to recall bias or 
unconscious processing of exposure to recruitment strat-
egies [48, 49].

The included study sample was comparable with the 
general Dutch population in terms of educational attain-
ment, but females were overrepresented and participants 
scored relatively high on the DHD15-index. Overrepre-
sentation of females in epidemiological studies is a well-
known phenomenon [50]. This may be due to higher 
levels of health consciousness among females, a relatively 
higher interest in food-related topics, or having primary 
responsibility for grocery shopping within a household. 
Regarding the DHD15-index score, included participants 
scored relatively high with 105 points on average com-
pared to, for example, a cross-sectional Dutch population 

Table 2  (continued)

Total sample (n = 391)

  Males 103.0 (10.9)

Healthy food purchasesh

  Total percentage healthy purchases 46.8 (22.3)

Customer satisfactioni, scored 1 (low) to 7 (high), mean (SD):

  Total customer satisfaction 5.6 (1.1)

  Environment and atmosphere 5.6 (1.2)

  Layout and routing 5.5 (1.1)

  Supermarket tidiness 5.8 (1.1)

  Assortment of food products 5.2 (1.2)

  General product prices 5.0 (1.2)

  Discount prices 5.6 (1.0)

  Fruit and vegetable prices 5.0 (1.3)

  Bread prices 5.2 (1.2)

Food decision style for vegetablesj, scored 1 (low) to 7 (high), mean (SD):

  Reflective 5.2 (1.1)

  Habitual 5.0 (0.9)

  Impulsive 3.5 (1.2)

Food decision style for snacksk, scored 1 (low) to 7 (high), mean (SD):

  Reflective 4.0 (1.4)

  Habitual 3.1 (1.4)

  Impulsive 3.6 (1.6)

Nudges and social cognitive factorsi, scored 1 (low) to 7 (high), mean (SD):

  Health goals 6.3 (0.9)

  Healthy shopping 6.0 (1.0)

  Perceived social norm 4.7 (1.0)

  Attractiveness healthy foods 5.9 (1.1)

Low educational attainment: no education and primary education; medium educational attainment: secondary educational attainments; high educational 
attainment: tertiary educational attainments.an = 2 missing values; bn = 22 missing values; cn = 49 missing values; dn = 36 missing values; en = 48 missing values; 
fn = 43 missing values; gn = 6 missing values; hn = 161 missing values; in = 3 missing values; jn = 30 missing values; kn = 139 missing values
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sample in the Eet & Leef study (average of 96 points) [51]. 
This suggests that our study sample may be more health-
conscious than the general Dutch population. Further-
more, our sample underrepresented smokers (~5% versus 
~19% nationally) [52] but was representative in terms of 
the prevalence of hypertension [53].

Our results suggested that passive recruitment strate-
gies yielded more females whilst active strategies more 
males, which is also seen in other studies [20, 46]. Specifi-
cally, our supermarket flyers and the media news articles 
seemed to have recruited relatively more females and also 
relatively older participants. This may partly be explained 
by a larger responsibility for grocery shopping or a higher 
frequency of supermarket visits, leading to larger expo-
sure to the supermarket flyers. Also, that the active 
strategy word-of-mouth seemed to recruit more males 
is likely the result of encouraging included participants 
(mainly female) to ask their partner if they are interested 
to participate. Furthermore, our findings suggested that 
passive recruitment strategies recruited relatively more 
participants with low and medium educational attain-
ment compared to active in-store recruitment, via which 
relatively more participants with high educational attain-
ment were recruited. This is in contrast to another study 
which indicated that passive strategies often recruit rela-
tively more individuals with high educational attainment 
compared to active strategies [20]. It could be that indi-
viduals with low and medium educational attainment 
were relatively more susceptible to the content of the fly-
ers mentioning the free grocery box as an incentive.

The COVID-19 pandemic had a considerable impact 
on recruitment and data collection procedures. At-home 
measurement of cardiometabolic makers and self-instal-
lation of the coaching app may have been challenging 
for some participants, since participants were required 
to understand and be able to follow instructions from a 
written manual or video. Participants only received sup-
port from research staff when actively asking for it, which 

Table 3  Participant characteristics and baseline measurement 
of step counts for Supreme Nudge trial participants additionally 
included in the physical activity coaching app intervention, for 
the total sample (n = 262)

Low educational attainment: no education and primary education; medium 
educational attainment: secondary educational attainments; high educational 
attainment: tertiary educational attainments.an = 19 missing values

Total sample 
physical activity 
intervention 
(n = 262)

Age, years (mean (SD)) 56.5 (11.0)

Female (n (%)) 195 (74.4)

Educational attainment (n (%))

  Low 50 (19.1)

  Medium 99 (37.8)

  High 113 (43.1)

Smartphone type:

  Android, n (%) 184 (70.2)

  iOS, n (%) 78 (29.8)

Daily step count, median [IQR]:

  Averaged over 7-day baseline period 2710 [3696]

Walking behaviour and social cognitive factorsa, scored 1–7, mean (SD)

  Consequences of behaviour 3.1 (2.0)

  Social comparison 2.6 (1.7)

  Action planning 4.0 (1.9)

  Self-monitoring 3.3 (1.9)

  Social support 2.5 (1.7)

  Goal setting 3.4 (1.9)

  Barrier identification 2.2 (1.6)

  Self-evaluation 3.7 (1.9)

  Encouragement 2.5 (1.8)

  Others’ approval 1.7 (1.3)

eHealth literacya, scored 1–7, mean (SD) 4.9 (1.5)

Table 4  Associations between the top five most successful recruitment strategies and the sociodemographic variables age, sex 
(female) and educational attainment (high education) (n = 391)

Statistical significant outcomes (p < 0.05) are displayed in bold text. Associations are based on linear multilevel models (age) and logistic multilevel models (sex and 
education), including a random intercept on the supermarket level. Males are used as reference category in the analyses of sex, and the combination of low and 
medium educational attainment was used as reference category for the analyses of educational attainment. OR odds ratio, CI confidence interval; an = 2 missing 
values

Agea, years Sex Educational attainment

β (95% CI) ORfemales (95% CI) ORhigh education (95% CI)

Recruited via mailing of recruitment flyers and 
letters (n =  288)

− 1.76 (− 4.29; 0.70) 1.00 (0.60; 1.64) 1.22 (0.76; 1.98)

Recruited via flyers in the supermarket (n = 52) 2.56 (− 0.63; 5.85) 1.91 (0.93; 4.31) 0.72 (0.38; 1.33)

Recruited via media news article (n = 31) 2.33 (− 1.69; 6.44) 1.64 (0.69; 4.51) 0.67 (0.29; 1.45)

Recruited via in-store recruitment (n = 30) − 0.11 (− 4.19; 4.06) 1.21 (0.52; 3.14) 1.75 (0.81; 3.81)

Recruited via word-of-mouth (n = 24) − 0.40 (− 4.94; 4.14) 0.51 (0.22; 1.21) 1.01 (0.42; 2.35)
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requires a certain level of self-efficacy. This may have 
led to some selection bias, resulting in a study sample 
consisting of participants with relatively high levels of 
self-efficacy. The at-home measurements may have intro-
duced self-assessment bias and reduced measurement 
reliability for waist circumference measurement. Previ-
ous research has shown that especially those with lower 
educational attainment had relatively more often an over-
estimation of their waist circumference measurement, as 
well as younger versus older participants [54]. Another 
challenge was that the COVID-19 pandemic itself likely 
interfered with inclusion and the completion of measure-
ments, as individuals could have been hesitant to regis-
ter, unable to participate or complete measurements. By 
investing in sending out multiple at-home measurement 
packages and conducting home visits, we reached a rela-
tively high completion rate of the blood measurements. 
Yet, blood measurements were not successfully com-
pleted for all participants, and reasons for non-comple-
tion of blood measurements were often practical (e.g. 
insufficient blood flow). Logistically, at-home cardiomet-
abolic measurements were to some extent efficient, since 
this saved staff hours and costs due to limited commute 
and work at study locations. On the other hand, conduct-
ing home visits to aid with the cardiometabolic measure-
ments was also costly and time-invasive.

We recruited participants in socially disadvantaged 
neighbourhoods via various passive and active recruit-
ment approaches with the aim to recruit a relative high 
proportion of those with a lower and medium educa-
tional attainment [26]. Yet, despite these efforts, our sam-
ple consisted of 41% highly educated participants, and 
insights from this paper demonstrate that recruitment 
is challenging and costly. Another important insight was 
that the use of flyers/letters sent to home addresses can be 
an effective recruitment strategy, although it is very costly. 
Thus, the use of complementary recruitment strategies is 
recommended to boost inclusion rates, combined with 

strategies which could for example be promoting word-
of-mouth to reach a specific group. Researchers may con-
sider at-home cardiometabolic measurements to simplify 
logistics and reach potential participants from widespread 
geographical locations. Future studies with larger sample 
sizes could focus on further determining the most effec-
tive recruitment strategies to reach individuals with a low 
SEP and could investigate the importance of the order 
in which recruitment strategies are used on their (cost)-
effectiveness. Since recruitment is time invasive and 
costly, it is recommended that future projects consider 
comprehensive recruitment plans and allocate sufficient 
time and financial resources for the recruitment process.

Strengths and limitations
Strengths of this study are the utilisation of a wide range 
of recruitment strategies and the monitoring of used 
strategies and recruitment yields to explore their effects. 
Nevertheless, determination of the most decisive strategy 
for participants to register was not possible since par-
ticipants were not asked for the most decisive method 
and had the option to register multiple strategies instead 
of just one. Also, the relatively small sample size when 
exploring sociodemographic differences in recruitment 
strategy effectiveness and cardiometabolic measurements 
likely led to wide confidence intervals. For the interpreta-
tion of the results, we therefore focused on interpretation 
of effect sizes rather than statistical significance. More-
over, this study did not investigate the influence of the 
order in which recruitment strategies were used and time 
intervals between recruitment strategies on their (cost)-
effectiveness. Furthermore, since this study was per-
formed during the COVID-19 pandemic, this may have 
affected recruitment yield, but we were unable to quan-
tify this impact. Last, we lack sufficient insight into rea-
sons why 181 eligible participants did not proceed with 
study enrolment, since most of them did not respond 
after having received the information letter. Some replied 

Table 5  Associations between elements of at-home measurement of cardiometabolic risk markers and the sociodemographic 
variables age, sex (female) and educational attainment (high education) (n = 391)

Statistical significant outcomes (p < 0.05) are displayed in bold text. Associations are based on linear multilevel models (age) and logistic multilevel models (sex and 
education), including a random intercept on the supermarket level. Males are used as reference category in the analyses of sex, and the combination of low and 
medium educational attainment was used as reference category for the analyses of educational attainment. OR odds ratio, CI confidence interval; an = 2 missing 
values

Agea, years Sex Educational attainment

β (95% CI) ORfemales (95% CI) ORhigh education (95% CI)

Participants requesting a home-visit (n = 68) 0.96 (− 1.93; 3.84) 0.97 (0.56; 1.78) 1.11 (0.64; 1.92)

Failed first attempt of blood measurement (n = 86) 3.89 (1.28; 6.49) 1.13 (0.67; 1.99) 0.64 (0.38; 1.06)

Non-completers HbA1c measurement (n = 22) − 8.92 (− 13.62; − 4.28) 1.15 (0.43; 3.60) 1.46 (0.59; 3.58)

Non-completers LDL-cholesterol measurement (n = 49) − 3.19 (− 6.53; 0.09) 0.79 (0.41; 1.55) 0.91 (0.48; 1.71)

Non-completers waist circumference measurement (n = 8) − 0.61 (− 8.38; 7.04) 0.18 (0.03; 0.95) 1.45 (0.33; 6.37)
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that participation appeared more comprehensive (e.g. 
with at-home blood measurements) than anticipated 
which may have been a barrier for others as well.

Conclusion
In the Supreme Nudge trial, supermarket flyers were the 
most cost-effective in recruiting participants of all paid 
strategies. Mailings to home addresses recruited the most 
participants but were very costly. Conducting at-home 
cardiometabolic measurements was feasible with rela-
tively high completion rates. These insights are valuable 
for future research projects that aim to recruit a diverse 
study population and to study cardiometabolic risk mark-
ers in, for example, geographically large and widespread 
groups or when face to face contact is not possible.
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