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Abstract

Background: Diabetes mellitus, cardiovascular diseases, chronic kidney disease, and thyroid diseases are chronic
diseases that require regular monitoring through blood tests. This paper first investigates the experiences of chronic
care patients with venipuncture and their expectations of an at-home blood-sampling device, and then assesses the
impact on societal costs of implementing such a device in current practice.

Methods: An online survey was distributed among chronic care patients to gain insight into their experience of
blood sampling in current practice, and their expectations of an at-home blood-sampling device. The survey results
were used as input parameters in a patient-level monte carlo analysis developed to represent a hypothetical cohort of
Dutch chronically ill patients to investigate the impact on societal costs compared to usual care.

Results: Intotal, 1311 patients participated in the survey, of which 31% experience the time spent on the phlebot-
omy appointment as a burden. Of all respondents, 71% prefer to use an at-home blood-sampling device to monitor
their chronic disease. The cost analysis indicated that implementing an at-home blood-sampling device increases the
cost of phlebotomy itself by €27.25 per patient per year, but it reduces the overall societal costs by €24.86 per patient
per year, mainly due to limiting productivity loss.

Conclusions: Patients consider an at-home blood-sampling device to be more user-friendly than venous phle-
botomy on location. Long waiting times and crowded locations can be avoided by using an at-home blood-sampling
device. Implementing such a device is likely cost-saving as it is expected to reduce societal costs.
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Background

In 2018, approximately 58% (~9.9 million people) of
the Dutch population were diagnosed with at least one
chronic disease [1]. More specifically, ~ 1.2 million people
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suffer from diabetes mellitus (DM) [2], ~ 1.6 million from
cardiovascular diseases (CVD) [3],~1,7 million from
chronic kidney disease (CKD) [4], and ~ 0,6 million from
thyroid diseases (TD) [5—8]. The prevalence of all these
diseases increases with age, with 95% of the people above
the age of 75 years suffering from at least one chronic dis-
ease [1]. The number of people diagnosed with a chronic
disease will further increase due to aging of the Dutch
population resulting in a larger chronic disease burden
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[9]. In current practice, patients with DM, CVD, CKD
or TD are monitored between one to four times a year
through blood testing [10—13]. Venipuncture, the process
of obtaining intravenous access to collect blood, is an
invasive procedure that can cause pain, distress and anxi-
ety to patients [14, 15]. Besides the fact that phlebotomy
is experienced as inconvenient, it is also accompanied by
high healthcare costs in the case of DM, CVD, CKD and
TD patients due to the large number of patients that need
to be monitored repeatedly [16, 17].

Self-management is becoming increasingly important
in healthcare [18]. It can reduce unscheduled care by
improving disease control and quality of life, potentially
reducing costs, and improving healthcare outcomes as a
result [19]. At-home blood-sampling empowers patients
by allowing them to take more control of their own
healthcare [20]. Patients have control over where and
when they want to perform the blood sampling, which
reduces the possible disruption of their daily routines.
Importantly, blood does not have to be sampled via veni-
puncture but can be collected with a finger prick, which
is less invasive [19]. It has been shown that patients pre-
fer a finger prick over venipuncture [21, 22], mainly since
it is experienced as being less painful, although contra-
dictory results have also been reported [23]. In point-
of-care (POC) testing, blood is drawn at home by the
patients themselves (typically with a finger prick) and
tested immediately. The main drawback of POC tests in
self-management is that the devices are often expensive
(especially for a patient to purchase themselves) and that
the diagnostic accuracy can be lower than the reference
laboratory tests [24, 25].

A novel blood collecting device is Hem-Col (designed
by Labonovum, Limmen, The Netherlands). This is a
microtube which enables patients to sample their own
blood via a finger prick, and send the blood sample
through postage to the hospital or laboratory for analysis.
The Hem-Col device allows reliable measurement after
days of storage, resulting in a larger time frame for labo-
ratories to analyze the sample [19]. Hem-Col tubes have
the size of regular blood collection tubes, which makes
analyzing by standard laboratory equipment possible
[19]. Hem-Col is available to consumers outside hospital
laboratories but is not yet implemented in current clini-
cal practice. Implementing Hem-Col in clinical practice
would allow physicians to order Hem-Col for patients
when blood testing is needed.

An at-home blood sampling device as an alternative to
venipuncture on location, has the potential to improve
current practice for patients by saving time and intro-
ducing a more preferred sampling method. Given that
only the sampling method and location are different, and
that the analysis of the blood sample remains unaffected,
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the use of at-home blood sampling will, by definition,
not affect patient health outcomes directly. However, it
has the potential to improve convenience for patients,
which has been shown to be an important aspect in
overall healthcare delivery [26, 27]. Therefore, the aim
of this paper is twofold. Firstly, to gain insight into how
chronic care patients experience current practice (veni-
puncture on location) to monitor their disease and their
expectations of and willingness to use an at-home device
(specifically Hem-Col) for blood sampling as an alterna-
tive to current practice. Secondly, this paper also aims to
perform a cost-minimisation analysis to investigate the
impact on the societal costs if Hem-Col (as a realistic
example of an at-home blood-sampling device) is imple-
mented as compared to current practice. Although there
are other aspects relevant to the actual implementation
of an at-home blood sampling device, including poten-
tial organizational barriers, reimbursement of the device
or safety concerns, this paper will focus only on patient
preferences and societal costs.

Methods

A survey was used to investigate patients’ recent expe-
riences with venipuncture, their expectations of an at-
home device, and their willingness to use such a device
(specifically Hem-Col). A patient-level Monte Carlo anal-
ysis was performed to quantify the impact of implement-
ing the Hem-Col device in clinical practice on the costs
(from a societal perspective) using the survey results
for some of the input parameters. The decision tree and
probabilities are provided in Additional File 3. As this
is not an analytical study, the accuracy and reliability of
Hem-Col (finger-prick) blood samples as compared with
venous blood samples were not examined. Instead, it is
assumed that the Hem-Col blood samples will render the
same results as venous blood samples, which is also indi-
cated by the manufacturer (Labonovum).

Survey

To gain insight into the patients’ perceptions of phle-
botomy, semi-structured qualitative interviews were held
with ten DM patients (by EDW). Two of these patients
were also diagnosed with TD. A copy of the semi-struc-
tured interview questions can be found in Additional File
1. The findings from these qualitative interviews were
used to design the final survey, consisting of 32 questions
divided into four sections. Sections one and two com-
prised of questions to gather information on the patient’s
demographic factors (Section one), and the patient’s cur-
rent chronic disease(s), and details on their phlebotomy
appointments (Section two). In Section three, patients
were asked questions about their experience and prefer-
ences of phlebotomy appointments, while Section four
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introduced Hem-Col and asked about their expectations
of the device. The full survey (translated to English) can
be found in Additional File 1.

The survey was designed in Qualtrics XM and a link to
the survey was distributed among several Dutch patient
associations and Facebook support groups for patients
with DM, CVD, CKD, or TD. The Dutch patient asso-
ciations distributed the survey link via email to patients,
while a link to the survey was posted on the applicable
Facebook groups. To participate in the survey, patients
had to be 18 years or older, must be diagnosed with at
least one of the chronic diseases, and must receive blood
testing to monitor the disease at least once a year. All
responses were anonymous and only surveys that were
fully completed were included for analysis.

Several survey outcomes were used as input parameters
for the cost-minimisation analysis, namely, the number of
phlebotomy appointments per year, the appointments’
location, the time spent per appointment (including
travel time), the dependency on others, and the willing-
ness to use Hem-Col.

To investigate whether the survey respondents are
representative of all DM, CVD, CKD, or TD patients in
the Dutch population, the distribution of respondents
among Dutch provinces, as well as their age and gender
were compared with the Dutch population. To determine
whether a statistical significant difference exists between
the respondents and the Dutch population, a x2-test was
performed for gender and distribution among the prov-
inces, and a one-sample t-test was performed for age.

Cost minimisation analysis

A patient-level Monte Carlo analysis was developed in
Excel to represent the Dutch population that is suffering
from DM, CVD, CKD, or TD. This analysis allows to esti-
mate how the distribution of input parameters affects the
distribution of the final results [28]. No actual simulation
model was developed and used, since the aim was not
to extrapolate beyond the current evidence base. Each
hypothetical patient was assigned a gender and an age,
based on data from the literature. Each patient was also
assigned one (or multiple) of the four chronic diseases
with a chance dependent on the age of the patient. It
was assumed that all these patients are eligible for using
Hem-Col. Although it has been shown that finger prick
(i.e. capillary) sampling is more likely to lead to sam-
pling errors than venous sampling [29, 30], the Hem-Col
device is designed to avoid sampling errors by providing
clear instructions on how to accurately sample blood via
a finger prick and how to correctly package the sample
when sending it via post. Nonetheless, a 5% sampling
error rate was incorporated into the analysis, indicating
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that 5% of patients that uses Hem-Col will need to pro-
vide a new sample.

The primary outcome measure was the incremental
societal costs when implementing Hem-Col (for at-home
blood sampling) as compared with current practice (on-
site blood sampling). The health effects are assumed to
be negligible since the tests performed and therefore test
results will remain the same whether Hem-Col is used
or not, and Hem-Col will therefore not have any direct
health effects in the long term. All costs were evaluated
from a societal point of view, over a time horizon of
one year. No discount rate was applied due to the time
horizon.

Costs

The volume of the blood sample does vary and a fixed
volume of buffer is added to the Hem-Col tube at the lab-
oratory. Therefore, the tubes contain lithium as an inter-
nal standard that is measured to calculate the dilution
factor. The costs of the dilution and examination were
calculated by taking the average cost of three Dutch labo-
ratories. The tariff for the order of the blood tests, which
is the same for all phlebotomy locations and Hem-Col,
and the costs of shipment by mail were also added to the
Hem-Col costs. The selling price of the Hem-Col device
was provided by the manufacturer.

In the Netherlands, phlebotomy can be performed at
four potential locations, namely the hospital, a service
phlebotomy center, the general practitioner (GP) or at
home. The costs for a phlebotomy appointment at the
hospital were calculated by taking the average reimburse-
ment tariff of five hospitals, while the costs for the other
locations were calculated by taking the average tariff per
location as provided by ten large laboratories.

Additional potential costs that were taken into account
include travel, parking, productivity losses, and time
spent by an informal caregiver. An overview of these
costs is provided in Table 1. Traveling costs, parking
costs and costs of productivity loss were derived from
the Dutch Costing Manual [31]. With Hem-Col, traveling
costs were seen as all costs associated with mailing the
sample to the laboratory, including travel and postage.
Full productivity loss costs were accounted for until the
age of 65. Approximately 12.1% of the Dutch population
remain in employment after the age of 65 and 1.8% after
the age of 75 [32]. The productivity loss costs for these
age groups were calculated by multiplying the full pro-
ductivity loss costs with these percentages. Furthermore,
patients may be dependent on others for the phlebotomy
appointment resulting in additional productivity loss
costs of an informal caregiver.

After analysis the Hem-Col tube can be split into two
parts, an upper and lower part. The upper part contains
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Table 1 Costs overview
Parameter Category Expected value 95% CI?
Phlebotomy Cost Hospital €9.04 €8.08 t0 €9.99
Phlebotomy service center €1534 €14.09 to €16.60
GP's office €18.13 €17.92t0€18.34
At home €25.16 €19.36 to €30.96
Hem-Col €2042° €1042 to €30.43
Traveling Cost Hospital €6.08 €3.10t0 €9.07
Phlebotomy service center €1.02 €0.521t0 €1.52
GP's office €045 €0.23 to €0.67
Hem-Col €1.02 €0.521t0 €1.52
Productivity Lost Cost per Hour Male age 18-64 €40.74 €20.78 to €60.70
Male age 65-74 €491 €25110€7.32
Male age 75+ €073 €0.371t0 €1.09
Female age 18-64 €33.97 €17.3210 €50.61
Female age 65-74 €4.10 €2.091t0€6.10
Female age 75+ €061 €0.31 to €0.91
Informal care giver €15.05 €7.68 10 €2242
Waste Cost Regular tube (per 100 tubes) €1.22 €0.62 t0 €1.82
Hem-Col tube (per 100 tubes) €0.68 €0.35t0 €1.01

GP General Practitioner

? based on normal distribution for the mean and corresponding standard error

bincludes cost of the test and tube, postage and shipping to patient, dilution factor and order tariffs

the blood sample, and the lower part contains no blood,
meaning it can consequently be disposed of as residual
waste, which is less expensive to process than medi-
cal waste [33]. The medical waste costs were derived by
taking the average of two waste process organizations:
Renewi and Suez.

All costs are provided in Euros and were converted to
2020 prices using consumer price indices (CPI) provided
by Statistics Netherlands [34].

Multiple diseases

No data could be found in the literature on the distribu-
tion of the patients with multiple of the chronic diseases
included in this study (DM, CVD, CKD, TD) across the
Dutch population, nor information on the age range or
gender distribution of these patients. Therefore, the gen-
der distribution, age distribution and the risk of a patient
having multiple chronic diseases (per age group) were
calculated as an average of the relevant data found for
DM, CVD, CKD and TD.

One-way sensitivity analysis and probabilistic analysis

A one-way sensitivity analysis was performed to deter-
mine the effect of individual parameters on the cost out-
come. Monte Carlo simulations were performed for a
probabilistic analysis, using 10,000 iterations of 100,000

hypothetical chronic care patients with one of the four
chronic diseases or multiple diseases. All input param-
eters were represented by a distribution to acquire proba-
bilistic values and 95% confidence intervals. An overview
of all parameters is provided in Additional File 3.

Scenario analysis
A scenario analysis was performed to investigate what
the cost of the Hem-Col device should be to ensure that
the overall phlebotomy cost when implementing Hem-
col, remains comparable to current practice (venipunc-
ture on location).

Results

Survey responses

There were 1363 patients that completed the survey, of
which 1311 patients were included in the analysis. Eleven
patients were excluded since they did not want to par-
ticipate and 41 patients were outside of the target group.
The biggest patient groups are CVD (28%) and TD (26%),
while patients with CKD, DM and multiple diseases make
up 10%, 17% and 19% of the respondents.

From the x2-test and the one-sample t-test (to investi-
gate the representativeness of survey respondents to the
Dutch population), it was found that in terms of gen-
der and province only the respondents with CKD are
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Table 2 Patient Characteristics of Survey Participants
Total DM CVD CKD D Mult

Participants [n(%)] 1311 (100%) 222 (17%) 369 (28%) 127 (10%) 345 (26%) 248 (19%)
Male [n(%)] 449 (34.2%) 77 (35%) 229 (62%) 31 (24%) 19 (6%) 93 (38%)
Age in years [mean(sd)] 543 (15.9) 459(18.8) 64.5 (10.0) 455 (14.8) 48(12.3) 596 (14.4)
Phlebotomy appointments per year [mean(sd)] 44 (5.5) 3.6(3.6) 39(6.6) 6.2 (4.2) 46 (3.5) 47 (4.1)
Location

Hospital [n(%)] 656 (50%) 127 (57%) 137 (37%) 105 (83%) 159 (46%) 128 (52%)

Phlebotomy service center [n(%)] 523 (40%) 81 (36%) 174 (47%) 18 (14%) 151 (44%) 99 (40%)

GP's office [n(%)] 96 (7%) 9 (4%) 34 (9%) 3(2%) 35 (10%) 15 (6%)

At home [n(%)] 36 (3%) 5(2%) 24 (7%) 1 (1%) 0 (0%) 6 (2%)

Time spent per appointment, including travel 1.1(0.5) 1.06 (0.5) 0.90 (0.5) 1.39 (0.60)° 0.97(0.5) 1.11 (0.6)
time in hours [mean(sd)]

Time spent seen as a burden [n(%)] 410 (31%) 84 (38%) 64 (17%) 50 (39%) 132 (38%) 80 (32%)
Feeling before phlebotomy appointment

| don't care [N(%)] 959 (73%) 130 (59%) 295 (80%) 95 (75%) 250 (72%) 189 (76%)

| prefer not to go [n(%)] 189 (14%) 56 (25%) 39 (11%) 13 (10%) 48 (14%) 33 (13%)

Anxiety [n(%)] 163 (12%) 36 (16%) 35 (9%) 19 (15%) 47 (14%) 26 (10%)
Venous blood sampling is painful

Yes [n(%)] 73 (6%) 17 (8%) 16 (4%) 6 (5%) 14 (4%) 20 (8%)

No [n(%)] 705 (54%) 105 (47%) 233 (63%) 59 (46%) 174 (50%) 134 (54%)

Sometimes [n(%)] 533 (41%) 100 (45%) 120 (33%) 62 (49%) 157 (46%) 94 (38%)

Feeling dependent on others [n(%)] 210 (16%) 36 (16%) 48 (13%) 21 (17%) 53 (15%) 52 (21%)

Affects their daily schedule [n(%)] 413 (32%) 75 (34%) 86 (23%) 49 (39%) 117 (34%) 86 (35%)

GP General Practitioner

2 Four respondents were removed from the calculation of this parameter, since they included the time spent for dialysis in their survey response

representative of the Dutch population. Further results
can be found in Additional File 2.

A summary of the patient characteristics is provided
in Table 2. Of the responding chronic care patients,
449 (34%) were male. The mean age of the respondents
was 54.3 years (SD=15.9), the mean number of phle-
botomy appointments per year was 4.4 (SD=5.5), and
the mean time spent per appointment including travel
time was 1.1 h (SD=0.5). Most patients visit the hos-
pital for their phlebotomy appointment (50%), followed
by the phlebotomy service center (40%) and the GP’s
office (7%). Three percent of patients already makes use
of at-home sampling. This was incorporated in the esti-
mation of usual care costs.

The mean age of CVD-patients is 64.5 years, which is
12-15 years higher than the mean age of DM-, CKD-
and TD-patients. Patients with CKD have the most
phlebotomy appointments (+6 times per year), visit
the hospital most often for a phlebotomy appointment
(83%) and spend the most time at the appointment
including travel time (1.39 h) compared with the other
chronic diseases. Most CVD-patients go to the phlebot-
omy service center for an appointment (47%) and they

spend the least time per appointment including travel
time (0.9 h). Compared with the other groups, fewer
CVD-patients experience the time spend per appoint-
ment as a burden (17%) and fewer CVD-patients stated
that the appointment affects their daily schedule (23%).
More DM-patients prefer not to go to the appoint-
ment (25%) or experience anxiety (16%) compared with
CVD-, CKD- and TD-patients. Most CVD-patients do
not experience venous phlebotomy as painful (63%),
while for the other groups, this is 54% or lower.

Survey results

A detailed summary of the survey results can be found
in Additional File 2. Of all responding patients, 71% are
willing to use Hem-Col; 81% of this group wants to use
it for all tests that monitor their chronic disease. The
biggest motivator for patients to use Hem-Col was the
ability to do the blood sampling themselves and that the
blood sampling would take less time. Diabetes patients
were most willing to use Hem-Col (85% of DM patients)
while CVD-patients were the least willing to use Hem-
Col (70% of CVD patients).
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Of all responding patients, 35.1% preferred a finger
prick, 21.7% preferred venous sampling, 36.7% had no
preference, and 6.5% did not know. The preference for a
finger prick was the highest among DM patients (45%)
and the preference for venous sampling was lowest (15%)
compared with other groups.

Cost analysis

The average outcomes of the PA samples are presented
in Fig. 1. As seen in the Figure, the average cost savings
are mainly due to a decreased time spent per phlebotomy
appointment, resulting in a reduction of the productiv-
ity loss cost with €35.55 per patient per year. The results
showed a negligible impact of the waste cost on the soci-
etal cost (€0.05), while the travel cost and informal care
cost per patient per year decrease with €10.56 and €5.94,
respectively. Although the cost of phlebotomy increases
with €27.25 per patient per year when using Hem-Col,
the overall societal cost (-€24.86 per patient per year)
remains negative, indicating that the societal costs can be
reduced when Hem-Col is implemented.

As illustrated in Fig. 2, the two largest patient groups
were CVD (n=26,608) and CKD patients (n=230,556).
Even though these two patient groups were both large,
the total costs for CKD were much higher compared
to CVD. This is mainly due to CKD patients having
more phlebotomy appointments per year. The differ-
ence in costs when implementing Hem-Col versus with-
out implementing Hem-Col is largest for TD and CKD

patients, since these patients are, on average, younger and
therefore have less productivity losses due to Hem-Col.

Probabilistic analysis

As seen in Fig. 3, the one-way sensitivity analysis shows
that the cost of the Hem-Col device has the largest
impact on the cost outcome due to parameter uncer-
tainty, followed by the time spent when Hem-Col is used
for blood sampling.

The result of the PA is shown in Fig. 4, where the costs
of current practice are plotted against the costs after
implementing Hem-Col. The PA result indicates that phle-
botomy with the possibility to use Hem-Col costs on aver-
age €159.44 (95% CI €119.10 to €208.35) per patient on a
yearly basis, as compared with €184.30 (95% CI €159.08 to
€212.53) for current practice, representing cost savings of
€24.86 (95% CI -€39.98 to -€4.18) per patient per year.

Scenario analysis
The results of the scenario analysis can be found in Addi-
tional File 3. It was found that the cost of hem-col should
be €12.81 (opposed to the current cost of €22.42) for the
phlebotomy costs to remain similar to that of venipunc-
ture on location.

Discussion

This study provided new insights into how patients expe-
rience venipuncture, their willingness to use an at-home
blood sampling device such as Hem-Col, and the effect
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that such a device can have on societal costs. A significant
number of chronic disease patients can be considered to
adopt home-sampling devices that, from a societal per-
spective, are cost-saving and moreover positively affects
the self-management of their disease. One-third of the
patients diagnosed with DM, CVD, CKD, TD or multi-
ple diseases experience the phlebotomy appointment as
a burden and indicated that it affects their daily sched-
ule. Approximately 46% of the patients reported physical
inconveniences after venous phlebotomy. Additionally,

16% feel dependent on others while 12% reported anxiety
in anticipation of phlebotomy appointments. The most
important factors of dissatisfaction towards phlebotomy
were accredited to long waiting times and crowded phle-
botomy locations. The recent outbreak of COVID-19 is
likely to have provoked further dissatisfaction towards
long waiting times and crowded phlebotomy locations.
Chronic care patients are at higher risk for COVID-19
complications and this could have led to further adversity
towards crowded phlebotomy locations.

M Upper bound spread
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Fig. 3 Atornado diagram showing the eight most influencing model parameters on the cost outcome
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Based on the responses from chronic care patients,
blood sampling devices’ success depends on its safety
and trustworthiness, clarity of instructions, ease of use,
and ease of sending it in for testing. Although a consist-
ent preference for a finger prick is lacking, approximately
two out of three patients are interested in Hem-Col, with
about 71% of respondents preferring to use Hem-Col to
monitor their chronic disease. The most prevalent reason
for patients’ indifference toward Hem-Col is attributable
to the expectation of discomfort of self-administering the
blood sampling. It has been shown that, in general, a fin-
ger prick is preferred over venous sampling, mainly due
to patients experiencing a finger prick as less painful [21,
22, 35, 36]. In this study, the percentage of patients pre-
ferring a finger prick (35%) is higher than the percentage
of patients preferring venous sampling (22%). The same
proportion of patients who preferred a finger prick or
venous sampling found their preferred form of sampling
less painful, indicating that patients’ opinions vary within
this topic. This could be since venipunctures are easier to
perform on some patients compared to others.

The interest in using Hem-Col and patients’ prefer-
ence for finger prick instead of venous sampling var-
ied between patient groups. Diabetes patients showed a
higher interest in Hem-Col and had the highest prefer-
ence for the finger prick sampling method compared
with other patient groups. This can be explained by the
reason they gave in the survey for preferring a finger
prick: ‘being used to it Diabetes patients are familiar
with performing a finger prick to measure their blood
glucose levels throughout the day. The preference for a

finger prick was slightly lower among CKD patients com-
pared to the other groups, which can be explained by
the possibility of blood sampling during dialysis. When
patients are on dialysis, the blood can be easily drawn
without performing an extra venipuncture. CVD patients
had the lowest interest in using Hem-Col, which could
be due to their age. The mean age of respondents with
CVD was approximately ten years higher compared with
other groups. Older people are, in general, less eager to
learn how to use a new system and prefer to use a sys-
tem they are familiar with [37, 38]. Patients who are suf-
fering from chronic diseases besides DM, CVD, CKD or
TD had a lower willingness to use Hem-Col. This can be
explained by the increased amount of hospital appoint-
ments for these patients, where phlebotomy is typically
combined with another appointment. Consequently, for
these patients, the impact of phlebotomy appointments
on their daily schedule is less than that of other patients,
and they may therefore value at-home blood sampling
less.

Several limitations were perceived in this study.
Firstly, other than testing for face validity, the survey
was not tested for reliability or validity. Secondly, split-
ting input parameters into multiple categories resulted
in a few very small subgroups. Performing analysis on
these small subgroups resulted in high parameter uncer-
tainty and, therefore, large 95% CI intervals for the cost
outcomes. Thirdly, after analyzing the respondents’
remarks at the end of the survey, some confusion among
CVD patients was observed. For some CVD patients, it
was not clear that Hem-Col cannot be used to examine
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their international normalized ratio (INR). Several CVD
patients indicated their INR is tested with a finger prick
and therefore, they did not see the added value of Hem-
Col. Lastly, it is again important to note that in this study
it was assumed that the diagnostic performance of Hem-
Col would be identical to venous sampling. However, the
inevitable risk with an at-home blood sampling device is
the risk of a sampling error. Although this risk is mini-
mized by detailed instructions provided along with the
Hem-Col device, it is uncertain whether the assumed 5%
sampling error rate adequately reflects clinical practice.
Besides the additional costs of repeated blood sampling,
the potential impact of such sampling error in terms of
inaccurate or incorrect test results is unknown. However,
however, the current analysis also conservatively overes-
timates the success of venous blood sampling performed
by a phlebotomist, by assuming that no sampling errors
occur with this method. Therefore, it is unlikely that the
uncertainty in sampling errors will have changed the
main findings. However, it should be acknowledged that
a higher sampling error rate of Hem-Col decreases satis-
faction among patients which may eventually reduce the
willingness to use Hem-Col.

On average, patients were willing to pay €2.15 per phle-
botomy appointment to use the Hem-Col device. The
financial contribution that DM-patients were willing
to make was the lowest among all patient groups, even
though they had the highest preference to use Hem-Col.
This could be since type 2 diabetes occurs more fre-
quently in people with a lower socio-economic status and
less purchasing power [39].

Conclusions

Of the chronically ill patients, approximately 70% prefer
to use Hem-Col for blood sampling to monitor their dis-
ease. Blood sampling with Hem-Col is considered more
user-friendly compared with venous phlebotomy. Hem-
Col may reduce the burden on patients, lower the impact
of the phlebotomy appointment on their daily sched-
ule, and reduce physical inconveniences. Long waiting
times and crowded phlebotomy locations can be avoided
when patients can self-manage using Hem-Col. Integrat-
ing an at-home blood sampling device with a telehealth
program could further accentuate the benefits of both
concepts. Furthermore, implementing Hem-Col to moni-
tor chronic diseases is likely cost-saving compared with
current practice as it is expected to reduce societal cost.
The total cost saving per patient might seem small or lim-
ited, but when considering how large each of the patient
groups is, the implementation of Hem-Col could have a
substantial impact nationwide. Seeing as the willingness
to use Hem-Col is different between subgroups, it would
be useful to start with a small-scale implementation in

Page 9 of 11

one of the more willing groups (such as DM patients)
before implementing across different disease areas. Fur-
thermore, although the manufacturer has shown that the
diagnostic performance of Hem-Col sampling is compa-
rable with venous sampling in a laboratory setting, future
research should also investigate whether the diagnostic
performance remains comparable when patients perform
the Hem-Col sampling themselves. Although Hem-Col
will reduce costs from a societal perspective, the same
can not be said for the healthcare system perspective.
The most significant impact on costs was the reduced
productivity loss costs, meaning foremost patients and
their employers will benefit from implementing an at-
home sampling device. This comes at the expense of the
healthcare system (that is, at the expense of all Dutch cit-
izens together funding the reimbursements through this
system) due to the increased phlebotomy costs. As found
in the scenario analysis, the cost of the Hem-col device
would have to decrease by 37.27% to be comparable with
the costs of venipuncture on location. That said, the cur-
rent cost of the Hem-col device is a starting price and is
likely to be reduced when Hem-Col is used on a larger
scale. This will result in lower phlebotomy costs for Hem-
Col and therefore larger cost-savings when Hem-Col is
implemented in clinical practice.

Abbreviations

CKD: Chronic Kidney Disease; CPI: Consumer Price Index; CVD: Cardiovascular
Disease; DM: Diabetes Mellitus; GP: General Practitioner; INR: International
Normalised Ratio; PA: Probabilistic analysis; POC: Point-of-Care; SD: Standard
Deviation; TD: Thyroid Disease.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512913-022-08782-w.

Additional file 1. Interview & Survey.
Additional file 2. Survey results.

Additional file 3. Details of the cost-minimisation analysis.

Acknowledgements
None

Authors’ contributions

Deon Lingervelder: conception and design of the study, analysis and inter-
pretation, writing—original draft. Michelle Kip: conception and design of the
study, analysis and interpretation, writing- reviewing and editing, supervision.
Eva Wiese: conception and design of the study, acquisition of data, analysis
and interpretation, writing—original draft. Hendrik Koffijberg: conception
and design of the study, analysis and interpretation, writing- reviewing and
editing, supervision. Maarten J, lJzerman: conception and design of the study,
analysis and interpretation, writing- reviewing and editing, supervision. Ron
Kusters: conception and design of the study, analysis and interpretation, writ-
ing- reviewing and editing, supervision. The author(s) read and approved the
final manuscript.

Funding
None.


https://doi.org/10.1186/s12913-022-08782-w
https://doi.org/10.1186/s12913-022-08782-w

Lingervelder et al. BMC Health Services Research (2022) 22:1529

Availability of data and materials
The datasets generated during and/or analysed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethical approval and consent to participate

The ethical committee of the faculty of Behavioural, Management and Social
Sciences of the University of Twente approved the study (no. 200350). The
study was performed in accordance with the ethical standards of the Declara-
tion of Helsinki (1964) and its subsequent amendments. The respondents
were all over the age of 18 and informed consent was obtained from all
respondents to use their responses. All responses were anonymous and no
personal identifiable data was recorded or kept.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Health Technology and Services Research Department, Technical Medical
Centre, University of Twente, Enschede, The Netherlands. 2Laboratory for Clini-
cal Chemistry and Haematology, Jeroen Bosch Hospital, s-Hertogenbosch, The
Netherlands.

Received: 15 June 2021 Accepted: 2 November 2022
Published online: 15 December 2022

References

1. Volksgezondheidenzorg.info. Aantal mensen met chronische aandoenin-
gen in zorg bij de huisarts. 2018 [cited 2020, 18 February]; Available from:
https://www.volksgezondheidenzorg.info/onderwerp/chronische-ziekt
en-en-multimorbiditeit/cijfers-context/huidige-situatieffnode-aantal-
mensen-met-chronische-aandoening-zorg-bij-de-huisarts.

2. Diabetes Fonds. Diabetes in cijfers. [cited 2020, 18 February]; Available
from: https://www.diabetesfonds.nl/over-diabetes/diabetes-in-het-algem
een/diabetes-in-cijfers.

3. Hartstichting. Cijfers hart- en vaatziekten. [cited 2020, 19 February]; Avail-
able from: https://www.hartstichting.nl/hart-en-vaatziekten/feiten-en-
cijffers-hart-en-vaatziekten.

4. Nieren.nl. Hoe vaak komt chronische nierschade voor? 2018 [cited 2020,
31 March]; Available from: https://www.nieren.nl/bibliotheek/28-feiten-
en-cijfers/37-hoe-vaak-komt-chronische-nierschade-voor.

5. Schildklier Organisatie Nederland SON. Te trage schildklier. [cited 2020,
20 Aprill; Available from: https://schildklier.nl/schildklieraandoeningen/
te-trage-schildklier/.

6. Thuisarts.nl. Mijn schildklier werkt te snel. [cited 2020, 20 April]; Avail-
able from: https://www.thuisarts.nl/schildklierafwijking/mijn-schil
dklier-werkt-te-snel.

7. Gezondheidsplein. Ziekte van Graves. [cited 2020, 20 April]; Available
from: https://www.gezondheidsplein.nl/aandoeningen/ziekte-van-
graves/item39561.

8. Integraal Kankercentrum Nederland (IKNL). Prevalentie schildklierkanker.
[cited 2020, 20 April]; Available from: https://www.iknl.nl/kankersoorten/
schildklierkanker/registratie/prevalentie.

9. Blokstra, A, et al, Vergrijzing en toekomstige ziektelast. Prognosechro-
nische ziektenprevalentie 2005-2025. Impact of the ageing population
on burden of disease. Projections of chronic disease prevalence for
2005-2025. Rijksinstituut voor Volksgezondheid en Milieu RIVM.

10. Barents, E, et al. Diabetes mellitus type 2. 2018 [cited 2020, 24 February];
Available from: https://www.nhg.org/standaarden/volledig/nhg-stand
aard-diabetes-mellitus-type-2.

11. Nederlands Huisarten Genootschap. Controlefrequenties bepalingen
CVRM. 2016 [cited 2020, 18 February]; Available from: https.//www.nhg.
org/sites/default/files/content/nhg_org/uploads/cvrm_protoc_bijlagen_
web_05.pdf.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 10 of 11

. De Grauw, W, et al. Chronische nierschade. 2018 [cited 2020, 26 Febru-

ary]; Available from: https://www.nhg.org/standaarden/volledig/nhg-
standaard-chronische-nierschade.

. Van Lieshout, J, et al. Schildklieraandoeningen. 2013 [cited 2020, 27

February]; Available from: https://richtlijnen.nhg.org/standaarden/schil
dklieraandoeningen#volledige-tekst.

. lalongo C, Bernardini S. Phlebotomy, a bridge between laboratory and

patient. Biochemia medica. 2016;26(1):17-33.

. Rao PB, et al. Effectiveness of Different Techniques of Ethyl Chloride Spray

for Venepuncture-Induced Pain: A Randomised Controlled Trial. Anesth
Essays Res. 2019;13(3):568-71.

. Volksgezondheidenzorg.info. Ranglijst aandoeningen op basis van zor-

guitgaven. 2020 [cited 2020, 25 February]; Available from: https://www.
volksgezondheidenzorg.info/ranglijst/ranglijst-aandoeningen-op-basis-
van-zorguitgaven.

. Rijksinstituut voor Volksgezondheid en Milieu RIVM. Kosten van ziekten

2017.2019 [cited 2020, 25 February]; Available from: https://statline.rivm.
nl/#/RIVM/nl/dataset/50050NED/table?ts=1582017120959.

. Pinnock H, et al. Systematic meta-review of supported self-management

for asthma: a healthcare perspective. BMC Med. 2017;15(1):64.

. Huijskens MJAJ, et al. Evaluation of Diabetes Care parameters in capil-

lary blood collected with a novel sampling device. Pract Lab Med.
2019;17:e00135.

Sieverink F, et al. Evaluating the implementation of a personal health
record for chronic primary and secondary care: a mixed methods
approach. BMC Med Inform Decis Mak. 2019;19(1):241.

Bogers JPAM, et al. Capillary compared to venous blood sampling in
clozapine treatment: patients' and healthcare practitioners' experiences
with a point-of-care device. Eur Neuropsychopharmacol.
2015;25(3):319-24.

Sun G, et al. Demonstration of the diagnostic agreement of capillary and
venous blood samples, using hepatitis-C virus SD Bioline© rapid test: A
clinic-based study. J Clin Virol. 2019;111:39-41.

Dayre McNally J, et al. Capillary blood sampling as an alternative to
venipuncture in the assessment of serum 25 hydroxyvitamin D levels. J
Steroid Biochem Mol Biol. 2008;112(1):164-8.

Drain PK, et al. Diagnostic point-of-care tests in resource-limited settings.
Lancet Infect Dis. 2014;14(3):239-49.

Lee-Lewandrowski E, Lewandrowski K. Perspectives on Cost and Out-
comes for Point-of-Care Testing. Clin Lab Med. 2009;29(3):479-89.
Higgins A, B J, Meads C, Singh J, Longworth L. Does Convenience Matter
in Health Care Delivery? A Systematic Review of Convenience-Based
Aspects of Process Utility. Value in Health. 2014;17(2014):877-87.
Michael Drummond AT. Rosanna Tarricone, Should health technology
assessment be more patient centric? If so, how? Eur J Health Econ.
2020;21:1117-20.

Arenas DJ, et al. A Monte Carlo simulation approach for estimating the
health and economic impact of interventions provided at a student-run
clinic. PLoS ONE. 2017;12(12): e0189718.

Hjelmgren H, Nilsson A, Myrberg IH, Andersson N, Ygge BM, Nordlund

B. Capillary blood sampling increases the risk of preanalytical errors in
pediatric hospital care: Observational clinical study. J Spec Pediatr Nurs.
2021;26(4):12337. https://doi.org/10.1111/jspn.12337. Epub 2021 May 7.
Nevander S, Landberg E, Blomberg M, Ekman B, Lilliecreutz C. Com-
parison of Venous and Capillary Sampling in Oral Glucose Testing for

the Diagnosis of Gestational Diabetes Mellitus: A Diagnostic Accuracy
Cross-Sectional Study Using Accu-Chek Inform II. Diagnostics (Basel).
2020;10(12):1011. https://doi.org/10.3390/diagnostics10121011.
Hakkaart-van Roijen L, van der Linden N, Bouwmans C, Kanters T, Swan
Tan S. Kostenhandleiding: Methodologie van kostenonderzoek en
referentieprijzen voor economische evaluaties in de gezondheidszorg
[Manual for Cost Research, Methods and Standard Cost Prices for Eco-
nomic Evaluations in Health Care]. Zorginstituut Ned. 2016:1-73. www.
zorginstituutnederland.nl/publicaties/publicatie/2016/02/29/richtlijn-
voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg.
Centraal Bureau voor de Statistiek. Ruim een kwart miljoen werkende
65-plussers. 2019 [cited 2020, 1 June]; Available from: https://www.cbs.nl/
nl-nl/nieuws/2019/38/ruim-een-kwart-miljoen-werkende-65-plussers.
Renewi. 660 liter rolcontainer voor restafval. [cited 2020, 29 April]; Avail-
able from: https.//www.renewi.com/nl-nl/container-huren/660-liter-rolco
ntainer-voor-restafval--Package-00556.


https://www.volksgezondheidenzorg.info/onderwerp/chronische-ziekten-en-multimorbiditeit/cijfers-context/huidige-situatie#node-aantal-mensen-met-chronische-aandoening-zorg-bij-de-huisarts
https://www.volksgezondheidenzorg.info/onderwerp/chronische-ziekten-en-multimorbiditeit/cijfers-context/huidige-situatie#node-aantal-mensen-met-chronische-aandoening-zorg-bij-de-huisarts
https://www.volksgezondheidenzorg.info/onderwerp/chronische-ziekten-en-multimorbiditeit/cijfers-context/huidige-situatie#node-aantal-mensen-met-chronische-aandoening-zorg-bij-de-huisarts
https://www.diabetesfonds.nl/over-diabetes/diabetes-in-het-algemeen/diabetes-in-cijfers
https://www.diabetesfonds.nl/over-diabetes/diabetes-in-het-algemeen/diabetes-in-cijfers
https://www.hartstichting.nl/hart-en-vaatziekten/feiten-en-cijfers-hart-en-vaatziekten
https://www.hartstichting.nl/hart-en-vaatziekten/feiten-en-cijfers-hart-en-vaatziekten
https://www.nieren.nl/bibliotheek/28-feiten-en-cijfers/37-hoe-vaak-komt-chronische-nierschade-voor
https://www.nieren.nl/bibliotheek/28-feiten-en-cijfers/37-hoe-vaak-komt-chronische-nierschade-voor
https://schildklier.nl/schildklieraandoeningen/te-trage-schildklier/
https://schildklier.nl/schildklieraandoeningen/te-trage-schildklier/
https://www.thuisarts.nl/schildklierafwijking/mijn-schildklier-werkt-te-snel
https://www.thuisarts.nl/schildklierafwijking/mijn-schildklier-werkt-te-snel
https://www.gezondheidsplein.nl/aandoeningen/ziekte-van-graves/item39561
https://www.gezondheidsplein.nl/aandoeningen/ziekte-van-graves/item39561
https://www.iknl.nl/kankersoorten/schildklierkanker/registratie/prevalentie
https://www.iknl.nl/kankersoorten/schildklierkanker/registratie/prevalentie
https://www.nhg.org/standaarden/volledig/nhg-standaard-diabetes-mellitus-type-2
https://www.nhg.org/standaarden/volledig/nhg-standaard-diabetes-mellitus-type-2
https://www.nhg.org/sites/default/files/content/nhg_org/uploads/cvrm_protoc_bijlagen_web_05.pdf
https://www.nhg.org/sites/default/files/content/nhg_org/uploads/cvrm_protoc_bijlagen_web_05.pdf
https://www.nhg.org/sites/default/files/content/nhg_org/uploads/cvrm_protoc_bijlagen_web_05.pdf
https://www.nhg.org/standaarden/volledig/nhg-standaard-chronische-nierschade
https://www.nhg.org/standaarden/volledig/nhg-standaard-chronische-nierschade
https://richtlijnen.nhg.org/standaarden/schildklieraandoeningen#volledige-tekst
https://richtlijnen.nhg.org/standaarden/schildklieraandoeningen#volledige-tekst
https://www.volksgezondheidenzorg.info/ranglijst/ranglijst-aandoeningen-op-basis-van-zorguitgaven
https://www.volksgezondheidenzorg.info/ranglijst/ranglijst-aandoeningen-op-basis-van-zorguitgaven
https://www.volksgezondheidenzorg.info/ranglijst/ranglijst-aandoeningen-op-basis-van-zorguitgaven
https://statline.rivm.nl/#/RIVM/nl/dataset/50050NED/table?ts=1582017120959
https://statline.rivm.nl/#/RIVM/nl/dataset/50050NED/table?ts=1582017120959
https://doi.org/10.1111/jspn.12337
https://doi.org/10.3390/diagnostics10121011
https://www.zorginstituutnederland.nl/publicaties/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg
https://www.zorginstituutnederland.nl/publicaties/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg
https://www.zorginstituutnederland.nl/publicaties/publicatie/2016/02/29/richtlijn-voor-het-uitvoeren-van-economische-evaluaties-in-de-gezondheidszorg
https://www.cbs.nl/nl-nl/nieuws/2019/38/ruim-een-kwart-miljoen-werkende-65-plussers
https://www.cbs.nl/nl-nl/nieuws/2019/38/ruim-een-kwart-miljoen-werkende-65-plussers
https://www.renewi.com/nl-nl/container-huren/660-liter-rolcontainer-voor-restafval--Package-00556
https://www.renewi.com/nl-nl/container-huren/660-liter-rolcontainer-voor-restafval--Package-00556

Lingervelder et al. BMC Health Services Research

34.

35.

36.

37.

38.

39.

(2022) 22:1529

Centraal Bureau voor de Statistiek. Consumentenprijzen; prijsindex
2015=100. [cited 2020, 28 April]; Available from: https://opendata.cbs.nl/
statline/#/CBS/nl/dataset/83131ned/table?fromstatweb.

Nielsen J, et al. Hematological clozapine monitoring with a point-of-
care device: A randomized cross-over trial. Eur Neuropsychopharmacol.
2012;22(6):401-5.

Woods K, et al. Patient preferences for capillary vs venous INR determina-
tion in an anticoagulation clinic: a randomized controlled trial. Thrombo-
sis Research. 2004;114(3):161-5.

InfoNU.nl. Zijn wij gewoontedieren en is dit goed of slecht? 2016 [cited
2020, 30 June]; Available from: https://mens-en-samenleving.infonu.nl/
psychologie/155657-zijn-wij-gewoontedieren-en-is-dit-goed-of-slecht.
html.

Captise. Meer bewegen bij ouderen bemoeilijkt door ‘gewoontes. Maak
meer bewegen tot een nieuwe gewoonte. 2018 [cited 2020, 30 June];
Available from: https://www.captise.nl/Zorg-Ouderen/ArtMID/509/Artic
leID/2184/Meer-bewegen-bij-ouderen-bemoeilijkt-door-gewoontes-
Maak-meer-bewegen-tot-een-nieuwe-gewoonte.

Rabi DM, et al. Association of socio-economic status with diabetes
prevalence and utilization of diabetes care services. BMC Health Serv Res.
2006;6(1):124.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://opendata.cbs.nl/statline/#/CBS/nl/dataset/83131ned/table?fromstatweb
https://opendata.cbs.nl/statline/#/CBS/nl/dataset/83131ned/table?fromstatweb
https://mens-en-samenleving.infonu.nl/psychologie/155657-zijn-wij-gewoontedieren-en-is-dit-goed-of-slecht.html
https://mens-en-samenleving.infonu.nl/psychologie/155657-zijn-wij-gewoontedieren-en-is-dit-goed-of-slecht.html
https://mens-en-samenleving.infonu.nl/psychologie/155657-zijn-wij-gewoontedieren-en-is-dit-goed-of-slecht.html
https://www.captise.nl/Zorg-Ouderen/ArtMID/509/ArticleID/2184/Meer-bewegen-bij-ouderen-bemoeilijkt-door-gewoontes-Maak-meer-bewegen-tot-een-nieuwe-gewoonte
https://www.captise.nl/Zorg-Ouderen/ArtMID/509/ArticleID/2184/Meer-bewegen-bij-ouderen-bemoeilijkt-door-gewoontes-Maak-meer-bewegen-tot-een-nieuwe-gewoonte
https://www.captise.nl/Zorg-Ouderen/ArtMID/509/ArticleID/2184/Meer-bewegen-bij-ouderen-bemoeilijkt-door-gewoontes-Maak-meer-bewegen-tot-een-nieuwe-gewoonte

	The societal impact of implementing an at-home blood sampling device for chronic care patients: patient preferences and cost impact
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Survey
	Cost minimisation analysis
	Costs
	Multiple diseases
	One-way sensitivity analysis and probabilistic analysis
	Scenario analysis

	Results
	Survey responses
	Survey results
	Cost analysis
	Probabilistic analysis
	Scenario analysis

	Discussion
	Conclusions
	Acknowledgements
	References


