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ABSTRACT
Objective  Whole-body MRI (wb-MRI) is increasingly 
used in research and screening but little is known about 
the effects of incidental findings (IFs) on health service 
utilisation and costs. Such effects are particularly critical 
in an observational study. Our principal research question 
was therefore how participation in a wb-MRI examination 
with its resemblance to a population-based health 
screening is associated with outpatient service costs.
Design  Prospective cohort study.
Setting  General population Mecklenburg-Vorpommern, 
Germany.
Participants  Analyses included 5019 participants of 
the Study of Health in Pomerania with statutory health 
insurance data. 2969 took part in a wb-MRI examination 
in addition to a clinical examination programme that was 
administered to all participants. MRI non-participants 
served as a quasi-experimental control group with 
propensity score weighting to account for baseline 
differences.
Primary and secondary outcome measures  Outpatient 
costs (total healthcare usage, primary care, specialist 
care, laboratory tests, imaging) during 24 months after the 
examination were retrieved from claims data. Two-part 
models were used to compute treatment effects.
Results  In total, 1366 potentially relevant IFs 
were disclosed to 948 MRI participants (32% of all 
participants); most concerned masses and lesions (769 
participants, 81%). Costs for outpatient care during the 
2-year observation period amounted to an average of 
€2547 (95% CI 2424 to 2671) for MRI non-participants 
and to €2839 (95% CI 2741 to 2936) for MRI participants, 
indicating an increase of €295 (95% CI 134 to 456) per 
participant which corresponds to 11.6% (95% CI 5.2% 
to 17.9%). The cost increase was sustained rather than 
being a short-term spike. Imaging and specialist care 
related costs were the main contributors to the increase 
in costs.
Conclusions  Communicated findings from population-
based wb-MRI substantially impacted health service 
utilisation and costs. This introduced bias into the natural 
course of healthcare utilisation and should be taken care 
for in any longitudinal analyses.

INTRODUCTION
Screening with whole-body MRI (wb-MRI) 
may detect asymptomatic disease at an early 
stage thus improve treatment outcome,1 but 
might also cause unnecessary psychosocial 
distress, medical interventions and costs due 
to irrelevant findings.2 3 Wb-MRI has evolved 
into a key examination tool in state-of-the-art 
population research.4–7 It produces a large 
number of incidental findings (IFs), a large 
proportion of which represent masses and 
lesions.2 8–11 Although a minority may benefit 
from IFs in a general population approach,1 
there is uncertainty around the clinical 
significance of a large proportion of these 
IFs. There is a high risk of false-positives, 
overtesting and overdiagnosis.12 13 Only few 

Strengths and limitations of this study

	⇒ This is the first study to report disclosed longitudi-
nal effects of disclosed incidental whole body MRI 
findings on costs for outpatient services in a gen-
eral population setting; the longitudinal cohort de-
sign, large sample size and the availability of groups 
with and without MRI participation are considerable 
strengths.

	⇒ Claims data provide an appropriate approximation of 
outpatient costs as they are collected for reimburse-
ment purposes.

	⇒ Limitations concern the scope of claims data as 
they do not cover medication or inpatient care, 
and we are likely to have underestimated the total 
healthcare-related expenditures compared with 
a clinical scenario because only selected findings 
were disclosed to participants.

	⇒ The small subgroup of privately insured participants 
is not represented.

	⇒ Non-randomised allocation to MRI participation 
reduces the comparability of participants and 
non-participants.
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malignancies were newly detected despite a 42% increase 
in biopsies after participation in Study of Health in 
Pomerania (SHIP)14 and no positive effects on quality of 
life resulted.15 In contrast, there is clear evidence of short-
term adverse consequences such as psychological distress 
due to disclosed findings.16

To the best of our knowledge, there is no prospec-
tive evidence on the effects of wb-MRI IFs in a general 
population setting on ambulatory health service utilisa-
tion and associated costs. Such data are needed to guide 
the appropriate handling of wb-MRI screening results in 
research and clinical practice.

Our principal research question was therefore 
how participation in a wb-MRI with resemblance to a 
population-based health screening is associated with 
outpatient service utilisation and costs. MRI non-
participants served as a quasi-experimental control group 
with propensity score weighting to account for baseline 
differences. We hypothesised that participation in the 
MRI examination would lead to increased costs in ambu-
latory healthcare. Furthermore, we assume that there 
are differential effects on different types of ambulatory 
services.

METHODS
Study design and sample
SHIP is a population-based project consisting of two 
independent prospective cohort studies, SHIP and SHIP-
Trend. Participants were sampled from the counties 
of North and East Western Pomerania and the cities of 
Greifswald and Stralsund in Germany.7 Participants were 
between 20 and 79 years of age at the date of sampling 
and had the target region listed as their primary place 
of residence. The aim in both cohorts was to recruit a 
representative general population sample. Clinical status 
was of no relevance for inclusion. Participants received 
no payment beyond reimbursement for travel costs.

A two-stage sampling scheme was adopted from the 
German WHO’s MONICA (monitoring trends and determi-
nants in cardiovascular disease) Project for the first cohort.17 
Out of 6265 eligible individuals of the first cohort, 4308 (2192 
women) participated at baseline (response 68.8%).18 Base-
line examinations were performed from 1997 to 2001 (SHIP-
0). Follow-up examinations took place between 2002 and 
2006 (SHIP-1, N=3300) and between 2008 and 2012 (SHIP-2, 
N=2333).

A second cohort (SHIP-Trend) was established in 2008 
from a stratified sample of 10 000 adults, drawn from 
the central population registry. Examinations took place 
until 2012. Of the net sample of 8826, after exclusion of 
deceased and relocated participants, 4420 (2275 women) 
participated (response 50.1%).

Of the 6753 participants in SHIP-2 and SHIP-Trend, 
6312 had statutory health insurance (93%). Subjects 
ineligible for MRI participation for reasons such as claus-
trophobia, metal implants or pregnancy were excluded 
from analyses15 because treatment effects could not be 

meaningfully computed for this group (n=1028). Of the 
resulting 5284 participants, 265 (5%) refused linkage 
with statutory health insurance. Our analyses included 
the remaining 5019 participants (figure 1). The follow-up 
period for claims data was 2 years after SHIP participation.

MRI examination
All SHIP participants were invited to take part in the MRI 
examination and received relevant written educational mate-
rial. During a medical interview before the examination, a 
radiologist described the handling of IFs and conditions for 
disclosure8. The methods descriptions in MRI examination 
and Disclosure of IFs have been taken from previous SHIP 
publications.14 15

All wb-MRI were acquired on a 1.5-Tesla system (Magnetom 
Avanto; Siemens Medical Solutions, Erlangen, Germany). 
The wb-MRI protocol was identical for all participants and 
included a plain wb-MRI and detailed imaging of the head, 
neck, chest, abdomen, pelvis and spine. Men had the option 
of contrast-enhanced cardiac MRI and MR angiography, and 
women had the option of cardiac MRI and contrast-enhanced 
MR mammography. The complete imaging protocols have 
been described previously.8 19

Findings and anatomical variants were documented in a 
standardised reading protocol. The radiologists reading the 
scans had no access to the participants’ clinical information. 
Scan reading was performed using a digital picture archiving 
and communication system (IMPACS ES V.5.2, AGFA Health-
care, Mortsel, Belgium). First-line reading was performed by 
two independent radiology residents. A third reader, a senior 
radiologist, resolved disagreements.

The MRI examination was entirely financed by SHIP 
study funding and did not contribute to billing costs 
represented in the claims data.

Disclosure of IFs
A standardised protocol regulated the handling of 
wb-MRI IFs. Findings were classified into three categories: 

Figure 1  Study flow chart. SHIP, Study of Health in 
Pomerania; wb-MRI, whole-body MRI.
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category I comprised normal or common findings in 
asymptomatic individuals (eg, anatomical variants, old 
brain infarcts, disc herniation, sinusitits). Category II 
findings were abnormalities of potential clinical rele-
vance. Category III findings required immediate referral. 
Category II findings were disclosed in writing via post 
after approval by an interdisciplinary advisory board (eg, 
breast lesion ≥BI RADS 3, adrenal tumour >10 mm, lung 
nodule >4 mm, chronic pancreatitis, internal carotid 
artery stenosis). Category III findings were disclosed 
immediately to the participant (eg, acute brain infarc-
tion, intracranial haemorrhage, lobar pneumonia, bone 
fracture). A detailed description of this protocol has been 
provided elsewhere.8 Our analyses are based on category 
II and III findings.

Health-related findings from other examinations such 
as blood testing, blood pressure measurements, somatom-
etry, ultrasound and cardiovascular examinations were 
also disclosed to SHIP participants.7

Claims data
Claims data from the regional Association of Statutory 
Health Insurance Physicians included billing codes for 
medical and technical services (eg, imaging) and costs 
for outpatient care. Claims data do not include medi-
cation costs or services like emergency department 
attendances. Germany has a mixed billing system with 
capitation and fee-for-service models for specific services. 
We computed costs per quarter (billing period) for the 
two quarters prior to the examination, the quarter during 
which the examination took place and the eight quarters 
following the examination. We distinguished between 
(1) total outpatient costs, (2) primary care and preven-
tion, (3) specialist care, (4) laboratory work and (5) 
imaging. All costs related to pregnancy and births were 
excluded, as pregnancy was an exclusion criterion for 
MRI participation.

Statistical analyses
We used two-part models to analyse cost variables with 
their zero inflated distribution.20 Each two-part model 
comprised a multivariable logistic regression for any 
healthcare service provision and a generalised linear 
model with a log-link and a gamma distribution for 
the height of costs. Models used the predictors time, 
MRI participation (yes vs no), and the interaction term 
to model average treatment effects. Propensity score 
reweighting was applied to balance the distribution of 
relevant covariates between MRI participants and non-
participants.21 22

Logistic regression models were used to estimate 
propensity scores with the following predictors: costs for 
total healthcare, primary care and prevention, specialist 
care, laboratory work and imaging in the two quarters 
prior to the SHIP-2/SHIP-Trend examination, as well 
as age, sex, level of education (<10 years vs ≥10 years), 
marital status, current employment, smoking status and 
quality of life using the short form 12-item mental health 

component summary score and physical health compo-
nent summary score.23 Resulting weights ranged from 1.0 
to 13.5 (mean: 2.5; SD 0.8). Standardised mean differ-
ences (SMD) of all baseline variables after weighting 
were close to zero (min: −0.007, 10% percentile: −0.004, 
median: 0.90%percentile: 0.003, max: 0.005). Balance 
was also checked based on distributional properties of 
all baseline variables and all statistical interaction effects 
(SMD distribution: min: −0.045, 10%percentile: −0.019, 
median: −0.002, 90%percentile: 0.009, max: 0.045).

Item missingness is reported in the legend of table 1. 
Cost data were unavailable for 7.4% of all quarters. For 
4.7% (N=238) no doctoral visit was coded at all during 
the observation period. Given the plausibility of a 
subgroup not presenting to ambulatory care regularly, we 
set all types of costs in these quarters to €0 as a coded 
visit is a prerequisite for costs. Nevertheless, we cannot be 
certain that data for some participants who did present 
to the doctor were missing. We therefore used multiple 
imputation by chained equations as a sensitivity anal-
ysis to impute missing information on costs and coded 
neoplasms. These results did not lead to different conclu-
sions and are thus not presented.

Two-sided tests were applied throughout. Analyses 
were conducted in Stata V.14 (Stata Corp.). Figures were 
generated using Microsoft PowerPoint.

Patient and public involvement
Patients, study participants and the public were not 
directly involved in the design, conduct and reporting of 
this study.

RESULTS
Sample characteristics and IFs
MRI non-participants were on average 3 years older, had 
a lower level of education, were more often unemployed, 
smokers and less often married compared with MRI 
participants (table 1). Total ambulatory costs were similar 
in both groups and quality of life scores were slightly 
lower among non-MRI participants.

In total, 1366 IFs of potential clinical relevance were 
disclosed to 948 participants (32%). Of these, 769 partic-
ipants (81%) received a finding related to masses and 
lesions, corresponding to 26% of all MRI participants. 
A more detailed overview of the structure and type 
of wb-MRI findings and the affected organs has been 
provided previously.8

Descriptive course of outpatient costs
The course of outpatient costs is displayed stratified for 
MRI non-participants, MRI participants with disclosed 
findings and MRI-participants who did not receive find-
ings (figure 2). The latter two groups were distinguished 
because a marked increase in costs after the SHIP exam-
ination was only expected among those with a disclosed 
finding. Increases occurred in all studied groups but peaks 
were highest in the quarter after the SHIP examination 
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among MRI participants with disclosed findings (figures 2 
and 3). The relative increase was largest for imaging-
related costs, which is more than doubled (figure  3). 
While decreasing after an initial peak, total costs among 

MRI participants with disclosed findings did not return 
to the initial level but remained higher (figures 2 and 3).

Table 1  Sample characteristics of MRI participants and MRI non-participants

MRI participants
N=2969

MRI non-participants
N=2050

N (%) N (%)

Female 1554 (52.3) 1113 (54.3)

Low educational attainment (<10 years) 634 (21.4) 743 (36.2)

Married 2004 (67.5) 1248 (60.9)

Employed 1615 (54.4) 858 (41.9)

Smoker 662 (22.3) 553 (27.0)

Coded malignant neoplasms* 108 (3.6) 95 (4.6)

 �  Mean (SD) Mean (SD)

Age 53.4 (13.9) 56.3 (15.9)

SF-12 physical health
component summary score

47.9 (8.2) 46.5 (9.4)

SF-12 mental health
component summary score

53.0 (8.3) 51.9 (8.9)

 �  Mean (SD)
Median (IQR)

Mean (SD)
Median (IQR)

Total ambulatory care costs* (€) 325 (481) 310 (440)

 �  190 (416) 191 (407)

 � Costs primary care, prevention* (€) 125 (118) 129 (124)

 �  130 (188) 141 (190)

 � Costs specialised care* (€) 150 (373) 135 (324)

 �  44 (156) 21 (149)

 � Costs imaging* (€) 42 (142) 38 (143)

 �  0 (0) 0 (0)

 � Costs laboratory* (€) 18 (34) 17 (30)

 �  5 (16) 6 (16)

Item missingness: age, sex: 0%; educational status: 0·2%; marital status: 0·2%; employment status: 0·3%; smoking: 0·4%; short form 12-item (SF-
12): 0·3%; cost data: 7·4%. Presented are unimputed variables with the exception of cost data with a 0 imputation, as described in methods.
*Costs refer to the quarter prior to the whole-body examination.

Figure 2  Course of total costs. "0" is the reference quarter in which the MRI examination took place. The left column displays 
the descriptive course for the outcomes comparing MRI participants with disclosed findings, MRI participants without disclosed 
findings and MRI non-participants. Average treatment effects are displayed in the right column. Propensity score reweighting 
was applied to balance the distribution of relevant covariates between MRI participants and non-participants. Estimates were 
derived from two-part models. N=5019. Left column:  MRI participants with disclosed findings  MRI participants without 
disclosed findings  MRI non-participants.
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Figure 3  Course of costs by service type. "0" is the reference quarter in which the MRI examination took place. The left 
column displays the descriptive course for the studied outcomes comparing MRI participants with disclosed findings, MRI 
participants without disclosed findings and MRI non-participants. Average treatment effects are displayed in the right column. 
Propensity score reweighting was applied to balance the distribution of relevant covariates between MRI participants and non-
participants. Estimates were derived from two-part models. N=5019. Left column:  MRI participants with disclosed findings  
MRI participants without disclosed findings  MRI non-participants.
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MRI participation and outpatient costs
Propensity score reweighting revealed increased excess 
costs among MRI participants compared with non-
participants that persisted over time (figures 2 and 3).

Total weighted costs for outpatient care during the 2-year 
observation period amounted to an average of €2547 (95% 
CI 2424 to 2671) for MRI non-participants and to €2839 
(95% CI 2741 to 2936) for MRI participants, yielding an 
average treatment effect of €295 (95% CI 134 to 456), 
which corresponds to an increase of +11.6% (5.2%; 17.9%) 
per participant (table  2). Additional costs were higher in 
the second postexamination year compared with the first 
year. The largest contribution to excess costs resulted from 
specialist care, followed by imaging. The smallest effects were 
related to laboratory costs.

DISCUSSION
Main findings
A single wb-MRI examination sufficed to increase long-
term overall outpatient costs over 2 years in a general 
population sample. Effects were larger for certain services 
such as specialist care and clinical imaging. From a 
research perspective, our results illustrate how disclosed 
IFs turned an observational study into an intervention. 
This limits the generalisability of research findings on 
outpatient costs and health service utilisation to the 
underlying general population. From a clinical perspec-
tive, overtesting and overdiagnosis are likely.3 13 These 
results underscore in line with previous findings,14 15 that 
restrictive communication policies seem recommend-
able to protect research participants and the public from 
questionable clinical actions and costs while safeguarding 
observational research aims.

Relevance from a research perspective
We conducted a prospective cohort study without any inten-
tion to intervene. However, it was also imperative to respect 
our participants’ health and autonomy in making health-
related decisions.24 25 This was deemed of particular impor-
tance for wb-MRI findings because of their potential to detect 

asymptomatic disease at an early, potentially treatable stage.1 
The disclosure policy of wb-MRI findings in SHIP was care-
fully designed, but no population-based points of reference 
were available at that point in time.4 8 As a result, about 10% 
of all MRI findings of perceived clinical relevance in SHIP 
were disclosed with a recommendation for further clinical 
workup to almost one-third of all participants.8 As illustrated 
by our results, this effectively turned our cohort study into a 
large-scale, non-randomised intervention, converting many 
study participants into patients with altered outpatient care 
over a prolonged period. In this way, our results correspond 
to those of a phase I trial.26 This reduces the validity of infer-
ences about the natural course of health services utilisation 
in the general population. Rather, we observed the course 
of outpatient care under the precondition of a population-
based health screening.

An increase in outpatient costs occurred not only in partic-
ipants with disclosed MRI findings, but also in MRI non-
participants and MRI participants without disclosed findings. 
This increase was comparably smaller in size and likely reflects 
effects of disclosures from study findings other than MRI 
such as laboratory results, the potential impact of which has 
been documented.14 Thus, carefully designed disclosure poli-
cies for research findings are needed for all study examina-
tions, not just MRI. However, the authors do not recommend 
completely withholding all research findings. No disclosure 
at all may for example prove unethical in the rare cases that 
research examinations uncover severe and actionable clinical 
conditions.

Relevance from a clinical perspective
Participants and patients may conceivably be interested 
in obtaining personal health information out of a desire 
for reassurance about their health status or out of simple 
curiosity.16 27 However, practitioners,28–30 participants and 
patients alike tend to overestimate the clinical relevance 
of findings, which is critical in the context of IFs. On 
one hand, similarly to other studies, we observed a large 
number of abnormalities on wb-MRI, the majority of them 
being related to tumours of an unknown nature.2 On the 

Table 2  Estimated total additional costs of MRI participants compared with MRI non-participants after examination per 
participant in €

Year 1
after SHIP MRI examination

Year 2
after SHIP MRI examination

Total year 1+2
after SHIP
MRI examination

Mean (€) 95% CI (€) Mean (€) 95% CI (€) Mean (€) 95% CI (€)

Total ambulatory costs 130 37 to 223 164 78 to 251 295 134 to 456

Costs primary care, prevention 8 −16 to 33 39 14 to 64 48 3 to 93

Costs specialised care 65 −2 to 132 86 26 to 146 151 40 to 262

Costs imaging 53 30 to 76 46 23 to 70 100 61 to 139

Costs laboratory 6 0 to 13 6 −1 to 12 12 1 to 24

Estimates were derived from two-part models with weights to compute average treatment effects during the years 1, 2 and 1+2, respectively.
Year 1 comprises quarters 1–4 after the Study of Health in Pomerania (SHIP) examination. Year 2 comprises quarters 5–8 after the SHIP 
examinations. Year 1+2 quarters 1–8.
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other hand, another study analysing biopsy results within 
the SHIP cohort found that despite the large numbers 
of tumour-related findings, few additional malignancies 
were detected.14 This is likely related to the low pretest 
probability of finding severe, previously undiagnosed 
clinical conditions in a general population sample.

Other analyses of SHIP data found that participants expe-
rienced increased psychosocial distress after the disclosure of 
IFs,16 yet no effects on quality of life were found 2–3 years 
after the wb-MRI examination.15 This does not rule out the 
possibility of benefits in individual cases. Participants may also 
have profited from detected category III findings requiring 
immediate referral such as acute brain infarction or bone 
fracture.8 However, less than 1% of all findings of potential 
clinical relevance belonged to this category. Yet, it is not 
known if improved outcomes resulted from their commu-
nication. Furthermore, category II findings amounted to 
approximately only 10% of all findings.8 In SHIP, most cate-
gory I findings resulted from a highly detailed structured 
reading protocol that also included anatomical variants. 
While it is unlikely that these would have been of much 
interest in a screening, category I findings also comprised 
clinical findings without any best practice recommendation 
to communicate them such as disc herniation. Nevertheless, 
in a health screening setting it seems likely that such findings 
would have been communicated to patients, thus leading 
to higher subsequent consultations and costs with an even 
elevated risk of overtesting, overdiagnosis and overtreatment.

Other studies support our critical view on the poten-
tial benefits of disclosed MRI findings. Evidence from 
randomised controlled trials support screening for only 
a few conditions, and none involve MRI as a screening 
tool.31 Moreover, the detection of a malignancy does not 
guarantee any clinical benefit, and may even lead to harm 
by overtreatment.3 13 This is relevant for health policy-
makers estimating the costs and potential benefits of 
wb-MRI screening. The costs for the work up of IFs gener-
ated by our cohort study were covered by statutory health 
insurance. It is an issue of debate whether or not such 
findings should be subject to financing by a public health 
system. For example, the UK Royal College for General 
Practitioners argues that work up of IFs from private 
screening should not be the responsibility of primary care 
physicians.32

Strengths and limitations
The longitudinal design, the large sample size and the avail-
ability of a control group for MRI participants are consid-
erable strengths. The potential impact of selection bias is 
reduced by the low proportion of missing claims data, and 
the wide coverage of our participants by claims data. Yet, the 
small subgroup of privately insured participants (7% in this 
sample) is not represented. This subgroup may be even more 
prone to cascades of subsequent healthcare and elevated 
costs due to a more favourable reimbursement of diagnostic 
and therapeutic measures.

Lack of data due to participants not having visited a 
doctor cannot be distinguished from missing data from 

corrupt linkage. Due to the low percentage of such cases, the 
expected impact on our results is low. The cost of performing 
the wb-MRI itself is not included in our analyses.

Participants in general-population cohort studies have 
been found to show fewer unhealthy behaviours, enhancing 
the generalisability of our findings to screening initiatives 
which cater to persons seeking 18such services but also to 
other general populations health studies.

The observational nature of SHIP limits causal inferences. 
Yet, given the observed temporal patterns, the markedly 
different course of outpatient costs among MRI participants 
with disclosed findings compared with those without leaves 
little plausible options for alternative explanations under-
lying the observed increases in costs.16 While being closely 
related to health service costs, the frequency of consultations 
cannot be validly inferred from German claims data. There-
fore, despite being of interest, this aspect was not addressed.

We targeted the impact of communicated MRI find-
ings and computed related treatment effects. However, 
other clinical findings were disclosed as well such as labo-
ratory results. These were not examined independently 
in our study. Increases in healthcare costs in participants 
without disclosed MRI IFs (figures 2 and 3) indicate that 
elevated costs were potentially related to the disclosure 
of such findings. However, effect sizes are much smaller 
compared with those in participants with disclosed MRI 
IFs.

Because available claims data do not cover medication 
costs or inpatient care as well as emergency department 
attendances,33 we likely underestimate the increase in 
total healthcare-related expenditures. However, it is 
unlikely that the inclusion of inpatient costs would have 
substantially altered our conclusions because diagnos-
tics for IFs rarely justify hospital admission. Given our 
research setting, we also likely underestimate health 
service utilisation and costs resulting from clinically indi-
cated wb-MRI, given the patient’s right to disclosure of all 
IFs in a clinical setting.4

Conclusion
wb-MRI examination in a general population sample has 
sustained effects on health service utilisation, leading to 
elevated costs that may well persist beyond the duration 
of the 2-year observation period after the wb-MRI exam-
ination. The disclosure of IFs in this prospective cohort 
study biased the longitudinal study of health related 
outcomes, generated additional costs to the public, and 
likely induced overdiagnosis and overtesting.
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