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CHAPTER 1

General Introduction






General Introduction

Cardiovascular disease (CVD) is the leading cause of mortality worldwide, with 30% of all
global deaths.(1) In 2015, 39.300 persons in the Netherlands died from CVD.(2) Approx-
imately 35% of all CVD deaths occur in those under the age of 75 years.(3) In addition,
CVD causes a significant burden of morbidity, with a prevalence in the Netherlands of
approximately one million persons with coronary heart disease, stroke or heart failure.(2)
The main underlying cause of CVD is atherosclerosis.(4) Atherosclerosis is characterized
by the development of fatty streaks, which may evolve into plaques and ultimately lead
to an occlusive thrombus and subsequent CVD event.(5)

More than 75% of the cardiovascular mortality could be attributed to the combination of
the risk factors hypertension, elevated cholesterol concentrations, diabetes, obesity and
smoking.(6) All of these are modifiable risk factors. Reduction of these risk factors by life
style changes or drug treatment has proven to be effective with respect to reducing the
risk of CVD.(7-11) Many research projects have been performed to develop interventions
aiming at the identification and treatment of patients at increased cardiovascular risk in
primary care. However, more research is needed to further improve this cardiovascular
risk management.

In this introduction, we describe the current state of conducting research on cardiovas-
cular disease, specifically the challenges in data collection. Furthermore, we describe the
current state of cardiovascular risk management in primary care, and propose approaches
to improve the assessment of an individual’s cardiovascular risk. Finally, the objective and
outline of this thesis and used cohort studies are described.



Chapter 1

Conducting research on cardiovascular disease

The study design which is most suitable to examine which patients have an increased
cardiovascular risk is the prospective cohort study. In a cohort study, data is collected on
a defined population, a cohort, to relate the determinants on baseline to the occurrence
of disease during follow-up.(12)

The most influential prospective cohort study on cardiovascular disease is the Framingham
Heart Study. This was the first long-term study in a large cohort from the general popula-
tion. The original cohort was recruited between 1948 and 1952 and consisted of 5,209
residents from the town of Framingham, Massachusetts, United States.(13) In 1971, the
Framingham Heart Study started with enrolment of the family members of the original
cohort, the Offspring cohort, to examine the aggregation of cardiovascular traits within
families.(14) In 2002, also the grandchildren of the original cohort were enrolled.(15)
Finally, to reflect the changing racial and ethnical composition of the town Framingham,
two Omni cohorts were enrolled in 1994 and 2003.(16) In each cohort, the participants
return every 2-6 years for a detailed assessment of medical history, physical examination
and laboratory tests.

Over the years, the investigators of the Framingham Heart Study published more than
1,200 peer-reviewed articles. The extensive phenotyping resulted in the identification
of the major risk factors for cardiovascular disease: hypertension, hypercholesterolemia,
smoking, obesity, diabetes and physical inactivity.(16) Furthermore, the Framingham Heart
Study introduced the multifactorial prevention of cardiovascular disease. The Framingham
risk score is the best-known risk estimation system for cardiovascular disease.(17, 18)

The collection of accurate information on exposures, confounding factors and participants’
health outcomes is an important aspect in the design of a cohort study. Key issues are the
selection of the methods for case definition and the disclosure of individual test results.

Data from general practice electronic health records

Methods to define cases status are often selected based on the combination of feasibility
and validity. Careful definition of case status is important to minimize bias due to mis-
classification.(19) Self-report is a method that is often used in prospective cohort studies.
Questionnaires are generally time- and cost-efficient, however disadvantages are the
suboptimal response rate and the lack of details.(20) Data from general practice electronic
health records may be a feasible and valid alternative to self-reported diagnosis. In gen-
eral practice, clinical data is available from many patients over a long period of time. All
symptoms and diseases are coded in an electronic health record using the International
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General Introduction

Classification of Primary Care (ICPC).(21) These coded diagnoses may be an accurate
method for case definition in cohort studies. However, the feasibility of obtaining ICPC-
coded diagnoses from the electronic health records for large population-based cohort
studies has not been investigated previously.

One of the cardiovascular risk factors which may be obtained from the general practice
electronic health records is type 2 diabetes mellitus. Patients with diabetes mellitus are
mainly diagnosed and treated in general practice, which suggests that general practice
electronic health records are an accurate source for the definition of diabetes cases.
However, it is unknown to what extent general practitioners code diagnoses of diabetes
accurately.

Disclosure of test results in research

There is an ongoing debate in the literature about how individual test results should be
disclosed to the participants of a research study.(22) Participants may benefit from the
disclosure of test results with potential consequences for diagnosis, treatment or preven-
tion. Examples of test results with potential health consequences are results from blood
pressure measurements, blood tests, urine tests, pulmonary function tests and magnetic
resonance imaging. Because many persons participate in research each year(23), research
projects need guidance on how to disclose individual test results.

Test results with potential strong benefits for disclosure to research participants are inci-
dental findings with serious health consequences that can be treated. Incidental findings
are unexpected abnormalities that are found outside the purpose of the original research,
but may be of potential health importance for the participant.(24) Research domains
which often generate incidental findings are medical imaging and genetic testing. In the
literature, the recommendations for communication of incidental findings are generally
based on ethical, legal, scientific and clinical perspectives.(25) The perspective of research
participants themselves who are confronted with incidental findings is lacking. Research
is needed to investigate the communication of incidental findings from an insider’s per-
spective.

Cardiovascular risk factors, particularly blood pressure and cholesterol concentrations,
are often measured in cohort studies. Disclosure of these test results to the participants
may benefit the primary prevention of cardiovascular diseases. Therefore, participants
in research studies are often recommended to consult their general practitioner when
one of the cardiovascular risk factors is abnormal. It is however yet unknown what the
advantages and disadvantages are of such a protocol.

11



Chapter 1

Cardiovascular risk management in the Netherlands

Various research projects have been performed within cohort studies to develop strategies
to reduce cardiovascular risk factors, leading to national and international guidelines. In
1978, the first Dutch unifactorial guideline on hypertension was published by the Dutch
College of General Practitioners (Nederlands Huisartsen Genootschap, NHG), followed by
a guideline on hypercholesterolemia in 1987. Around 2000, prevention of CVD has shifted
from an unifactorial approach towards the assessment of an individual’s total burden of
cardiovascular risk.(26) The introduction of multifactorial risk factor management was
based on the facts that 1) CVD has a multifactorial aetiology, 2) risk factors have a mul-
tiplicative effect, and 3) physicians deal with individuals, not with single risk factors.(27)
For the assessment of an individual’s total burden of risk, several risk estimation systems
have been developed, e.g. Framingham risk score, Systematic COronary Risk Evaluation
(SCORE), QRISK, PROCAM.(28)

Since 2006, this multifactorial approach is implemented in the Netherlands, using the risk
estimation system SCORE-NL to estimate an individual’s CVD risk.(29) The latest revision
in 2011 is an adaptation of the original SCORE risk equation, using information on risk
factors and CVD mortality in the Dutch population.(30) SCORE-NL 2011 is used to calcu-
late the 10-year risk of fatal and nonfatal CVD, including the risk factors sex, age, systolic
blood pressure, total cholesterol/high-density lipoprotein cholesterol ratio, smoking status,
and medical history of diabetes mellitus and rheumatoid arthritis.

SCORE-NL 2011 is embedded in the Dutch Clinical Practice Guideline for Cardiovascular
risk management. This guideline gives recommendations for risk assessment and fol-
low-up of patients at increased cardiovascular risk. For the assessment of an individual’s
risk, information on the individual risk factors is acquired and the 10-year CVD risk is
calculated. Every patient with an abnormal risk factor is advised about a healthy lifestyle
to reduce the CVD risk. Treatment with antihypertensive and/or lipid-lowering drugs is
indicated for patient with a high 10-year CVD risk of 20% or higher, or an intermediate
10-year CVD risk of 10 to 19% when other additional risk factors are present. These
additional risk factors are having a first-degree family history of CVD, physical inactivity,
overweight, low estimated glomerular filtration rate, poor metabolic control, and albu-
minuria. The method to calculate SCORE-NL 2011 is described in more detail in Chapter
5, Appendix 1.

Between 1980 and 2009, cardiovascular mortality has declined considerably in most
European countries. In the Netherlands, cardiovascular mortality has declined by 71% in

that period.(31) About half of the decline can be attributed to changes in the major risk
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factors hypertension, elevated cholesterol concentrations, body mass index and smok-
ing.(32) Despite decreasing mortality rates, the burden of CVD is still increasing. This
is demonstrated, for example, by increasing hospitalization rates for CVD.(3) One of
the approaches to further reduce the burden of CVD is to improve cardiovascular risk
assessment in primary care. On the one hand this can be achieved by improving the iden-
tification of patients with a potential increased cardiovascular risk in daily clinical practice.
On the other hand, the estimation of an individual’s cardiovascular risk might be improved
by adding novel risk factors to current risk estimation systems.

Identification of patients for cardiovascular risk assessment

Worldwide, there is serious undertreatment of cardiovascular risk factors in individuals
at increased cardiovascular risk.(33) In 2013, the World Health Organization published a
global action plan to reduce premature death from noncommunicable diseases by 2025.
(34) One target aims for at least 50% of all individuals with an indication for preventive
treatment to receive drug therapy. To be able to start timely preventive treatment, patients
should be invited for cardiovascular risk assessment in primary care. However, cardiovascu-
lar risk assessment is time-consuming, with on average a first consultations of 20 minutes
for history taking and examination of the patient and a second consultation of 20 minutes
to discuss the results.(35, 36) Therefore, in primary care, a targeted high-risk approach is
used to identify patients with a potential increased cardiovascular risk.

Previous studies mainly focused on the development of a programmatic approach to
determine which patients should be invited for cardiovascular risk assessment.(37-39) In
this context, the Dutch guideline Prevention Consultation has been developed for the
prevention and early detection of CVD, diabetes and chronic kidney disease.(40) In this
systematic screening programme, a risk questionnaire is sent to all patients aged 45-70
years from a general practice. Patients with a high-risk score are advised to consult their
general practitioner for extensive measurements, including cardiovascular risk assessment.
Of the patients who consult their general practitioner with a high-risk score, about 20%
of the patients will have an indication for preventive cardiovascular treatment, diabetes
or chronic kidney disease. However, only 30% of the general practices implemented
this guideline due to the extra workload and costs this approach brings and the lack of
scientific evidence for prevention programmes.(41) Nevertheless, primary care is consid-
ered to be the most important setting for the detection of cardio-metabolic diseases.(42)
Therefore, different, more feasible, approaches are needed to guide the identification of
eligible patients for risk assessment.

Ad hoc case-finding is an approach which can easily be implemented in daily clinical
practice. In this approach, potential high risk patients are invited for cardiovascular risk
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assessment during a regular consultation for other reasons. This approach is most com-
monly used in general practice, however it is unclear which patients should be invited
to identify high-risk patients efficiently. As a consequence, ad hoc case-finding is often
neglected and patients at increased risk may remain untreated. The identification of
patients for cardiovascular risk assessment should be based on an easily obtained factor,
because only a short consultation is planned for the actual reason of encounter. We
hypothesised that overweight may be an important identifying factor because it is associ-
ated with the risk factors used in the risk estimation systems and is easy to obtain. It is yet
unknown how many patients with a treatment indication can be identified when patients
with overweight are invited for cardiovascular risk assessment by ad hoc case-finding.

Another approach, which may help to identify patients at increased cardiovascular risk, is
to use readily available test results of cardiovascular risk factors. Risk factors are frequently
measured outside primary care, without being part of a structured risk management
programme. Blood pressure or cholesterol concentrations are measured for example in
occupational health, for research purposes, in incidental health check-ups at pharmacies
or by private companies.(43-45) Screening outside primary care offers an opportunity for
general practitioners to identify more patients at high risk. On the other hand, patients
may consult their general practitioner with an incomplete risk factor profile and may be
unnecessarily worried. These advantages and disadvantages of screening outside primary
care are yet unclear.

Cardiovascular risk assessment

Patients with a potential increased cardiovascular risk are invited for the calculation of an
individual's estimated 10-year cardiovascular risk using a risk estimation system. Based on
the estimated risk, the indication for preventive treatment is determined. Therefore, it is
important that the calculated risk reflects the true cardiovascular risk. External validations
of the most commonly used risk estimation systems have demonstrated an area under
the receiver operating curve between 0.65 and 0.85.(28) This means that the prediction
of an individual’s 10-year cardiovascular risk is not optimal, which may lead to under- and
overtreatment of patients.

Risk prediction may be improved by adding information about novel risk factors to the
current risk estimation systems. A novel, emerging risk factor of CVD is the presence of
hepatic steatosis. Hepatic steatosis is the early stage of non-alcoholic fatty liver disease
(NAFLD), with a global prevalence of 25% in the general population.(46) NAFLD is a
risk factor for the development of CVD(47), with a 64% increased risk of CVD(48). The
reference measurements for the assessment of steatosis, proton magnetic resonance
spectroscopy and liver biopsy, cannot be used in a cardiovascular risk estimation system
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due to the invasiveness, availability and costs of the measurements. However, serological
markers of liver function and combination scores developed for the prediction of hepatic
steatosis may be a non-invasive alternative, which can be used in daily practice. Previous
studies have reported conflicting results regarding the improvement of cardiovascular risk
prediction when one of the serological markers are included in a risk estimation system.
(49-51) It is suggested that the improvement may differ between men and women.(51)
In addition, it is unknown whether combination scores developed for the prediction of
hepatic steatosis have any added value in a risk estimation system. Therefore, it needs to
be investigated whether cardiovascular risk prediction can be improved when markers of
hepatic steatosis are added to an established risk estimation system.

15
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Objective and outline of this thesis

The main objective of this thesis was to improve cardiovascular risk assessment in primary
care. First, we examined two important aspects in the collection of data in a cohort study;
case definition and the disclosure of research test results. Second, we investigated several
approaches to improve cardiovascular risk assessment.

In Chapter 2, we examined the feasibility of obtaining ICPC-coded diagnoses from the
general practice electronic health records. Furthermore, we aimed to examine the validity
of ICPC-coded diagnoses of diabetes from electronic health records as an alternative to
self-reported diabetes. In Chapter 3, we explored the experiences and preferences of
research participants to whom an incidental finding detected on MRI was communicated
in a qualitative study. Elements from both disclosure of research test results and cardio-
vascular risk assessment, are featured in Chapter 4. Here, we investigated the advantages
and disadvantages of unstructured risk factor screening outside primary for both patients
and general practitioners. In Chapter 5, we examined how many patients with a treat-
ment indication can be identified when all patients with overweight or obesity are invited
for cardiovascular risk assessment by ad hoc case-finding. In the last study, described
in Chapter 6, we aimed to investigate whether cardiovascular risk prediction can be
improved when non-invasive markers of hepatic steatosis are added to the Framingham
risk score, and whether improvement differs between men and women. Finally, Chapter
7 summarizes the results of this thesis and discusses methodological considerations and
implications.
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Cohort studies used in this thesis

NEO study

The Netherlands Epidemiology of Obesity (NEO) study is a prospective population-based
cohort study in persons aged 45-65 years, with an oversampling of participants with a
body mass index > 27 kg/m?.(52) Participants with a self-reported body mass index > 27
kg/m? were recruited between September 2008 and October 2012 from the greater area
of Leiden (the Netherlands) via general practitioners, municipal registers and advertise-
ments. Prior to the NEO study visit, participants were asked to complete a questionnaire
including demographic, lifestyle and clinical information. During the baseline visit at the
NEO study centre of the Leiden University Medical Centre an extensive physical exam-
ination was performed, including blood sampling and magnetic resonance imaging of
the abdomen, heart and brain. Four years after the start of the NEO study, the general
practitioners of the participants were contacted and visited to extract health information
from the health records of the participants.

EPIC-NL

The two Dutch contributions to the European Prospective Investigation Into Cancer and
Nutrition (EPIC) are included in the EPIC-NL cohort; the Monitoring Project on Risk Fac-
tors for Chronic Diseases (MORGEN) cohort and Prospect cohort.(53) In both cohorts,
the participants were recruited simultaneously between 1993 and 1997. The MORGEN
cohort consists of a general population sample of 22,654 men and women aged 20-59
years. Prospect is a prospective cohort study in 17,357 women aged 49-70 years, who
participated in the national breast cancer screening programme between 1993 and 1997.
At baseline, the participants were asked to complete a questionnaire and physical exami-
nation was performed. During the follow-up, data on cardiovascular events was obtained
through linkage with disease registries.
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Abstract

Introduction In the Netherlands, general practitioners code diagnoses of diabetes melli-
tus (DM) in electronic health records using the International Classification of Primary Care
(ICPQ). It is unknown to what extent DM is coded accurately. Our aim was to examine the
feasibility and validity of obtaining ICPC-coded diagnoses of DM from electronic health
records for case definition in epidemiological studies, as alternatives to self-reported DM.

Methods The Netherlands Epidemiology of Obesity study is a population-based cohort
study in 6,671 persons aged 45-65 years at baseline, included between 2008-2012.
Data from electronic health records were collected between 2012-2014. We defined a
reference standard using diagnoses, prescriptions and consultation notes and investigated
its agreement with ICPC-coded diagnoses of DM before and after baseline and with
self-reported DM at baseline.

Results After a median follow-up of 1.8 years data from 6,442 (97 %) participants were
collected. With the reference standard, 506 participants (79/1000) were classified with
prevalent DM at baseline and 131 participants (11/1000 person-years) were classified
with incident DM during follow-up. The agreement of prevalent DM between self-report
and the reference standard was 98% (kappa 0.86), the agreement between ICPC-coded
diagnoses and the reference standard was 99% (kappa 0.95). The agreement of incident
DM between ICPC-coded diagnoses and the reference standard was >99% (kappa 0.92).

Conclusion The excellent agreement with the reference standard, in combination with
the high follow-up rate confirms that ICPC-coded diagnoses of DM from general practice
electronic health records are a feasible and valid alternative to self-reported diagnoses
of DM.



Coded diagnoses from general practice electronic health records

Introduction

Accurate information on the exposure, confounding factors and participants’ health out-
comes is crucial in epidemiological and clinical research. Methods such as questionnaires,
medical registries and interviews can be used to define the case status. Self-report is a
method that is often used for the definition of type 2 diabetes mellitus (DM) cases in
research.(54-56) Although, previous studies have reported a high agreement between
self-reported diagnoses of DM and medical records (kappa ranging between 0.71 and
0.92), there is still room for improvement.(57-61) In addition, the suboptimal response
rate and the lack of the exact date of diagnosis are disadvantages of self-reporting.(20)

In the Netherlands, type 2 DM is mainly diagnosed and treated in general practice. There-
fore, an alternative source to obtain information about diagnoses of DM is the general
practitioner (GP) or his electronic health records. In previous cohort studies, questionnaires
were sent to GPs to obtain information about the diagnoses of DM.(56, 62, 63) For
example, in a Dutch cohort study, two out of three ascertained DM cases (via self-re-
port, hospital discharge diagnoses or urinary glucose strip) were confirmed to have been
diagnosed with DM, as reported by their GP or pharmacist on a questionnaire.(56) In the
Netherlands, GPs code health problems in a patient’s electronic health record using the
International Classification of Primary Care (ICPC).(21) Case definition using ICPC-coded
diagnoses from the general practice electronic health records may be even more accurate
than a questionnaire among GPs. In addition, compared with self-reported diagnoses,
using ICPC-coded diagnoses from electronic health record may provide the health infor-
mation of more participants and more detailed information. However, the feasibility and
validity of the definition of DM cases using ICPC-coded diagnoses from electronic health
records has not been investigated previously. It is unknown to what extent GPs code
health problems accurately.

In this study, we examined the feasibility of obtaining ICPC-coded diagnoses from the
general practice electronic health records. Next, we aimed to examine the validity of ICPC-
coded diagnoses of DM from electronic health records as an alternative to self-reported
DM in the Netherlands Epidemiology of Obesity (NEO) study, a prospective cohort study
in 6,671 persons aged 45-65 years at baseline. To that extent, we compared the ICPC-
coded diagnoses of DM with the self-reported DM and with a reference standard based
on all available information in the electronic health records.
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Methods

Study design and study population

The NEO study is a population-based prospective cohort study in 6,671 persons aged
45-65 years with an oversampling of participants with a body mass index (BMI) > 27 kg/m?.
Detailed information about the study design and data collection has been described
elsewhere.(52) Participants with a self-reported BMI > 27 kg/m?2 were recruited between
2008 and 2012 from the greater area of Leiden in the Netherlands through GPs, municipal
registers and advertisements. In one municipality (Leiderdorp), all inhabitants aged 45-65
years were invited irrespective of their BMI, allowing for a reference distribution of BMI.
Prior to the baseline visit, participants completed a questionnaire at home including ques-
tions about demography, lifestyle and clinical information. The participants were asked to
bring all medication they were using in the month preceding the study visit to the NEO
study site. Names and dosages of all medication were recorded by trained staff. During
the baseline visit at the NEO study centre of the Leiden University Medical Center (LUMC),
participants underwent an extensive physical examination, including fasting blood sam-
pling. Plasma concentrations of glucose were determined in the central clinical chemistry
laboratory of the LUMC. Within two weeks after the NEO study visit, the participants
received a letter with several test results, including their fasting plasma glucose concen-
tration and the upper limit of a normal fasting glucose concentration of 7 mmol/L. Body
weight and height were measured during the study visit with a calibrated scale and a
vertically fixed, calibrated tape measure during the study visit. The trained staff reported
the height in cm, body weight was rounded to 100 g and one kilogram was subtracted
to correct for the weight of clothing. BMI was calculated by dividing the weight (in kg)
by the square of the height (in metres).

Between April 2012 and November 2014, the GPs of the participants were contacted and
visited to extract health information from the electronic health records of the participants.
In the Netherlands, 98% of all citizens are registered with a GP, the gatekeeper to second-
ary care.(64) GPs use an electronic primary care ICT system to store health information
about their patients: e.g., demographic details, ICPC-coded medical history, consultation
notes, hospital discharge records, laboratory and other test results, and prescriptions. The
ICPC-coded lifetime medical history was extracted and the rest of the data was extracted
from 2008 until the date of extraction. Almost twenty different primary care ICT systems
are used in the Netherlands that store health information in a different way.(65) Data
from the participants were extracted and merged into one database (the GP database).
Detailed information of the methods of data extraction from electronic health records is
provided in Appendix 1.
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The study was approved by the medical ethics committee of the LUMC and all participants
gave written informed consent for participation in the study and for obtaining medical
information from their GP or medical specialists during follow-up of the study.

DM at baseline by self-report

Prevalent DM by self-report was defined as a self-reported medical history of DM, type 1
or type 2, on the questionnaire or the use of glucose lowering medication (oral or insulin)
in the month preceding the baseline visit.

ICPC-coded DM diagnoses from general practice electronic health records
ICPC-coded diagnoses of DM and the corresponding dates were extracted from the
medical history in the GP database. Diagnoses are coded by GPs in the primary care ICT
system according to ICPC version 1.(21) The DM diagnosis is coded with code T90, T90.1
or T90.2. The index date was defined as the date of diagnosis. Coded diagnoses with an
index date before the baseline visit were defined as prevalent ICPC-coded diagnoses of
DM, while coded diagnoses with an index date at or after the baseline visit were defined
as incident ICPC-coded DM diagnoses.

Reference standard of diagnosed DM

To evaluate the validity of self-reported DM and ICPC-coded diagnoses for the definition
of DM cases, a reference standard was developed by the Diabetes adjudication commit-
tee of the NEO study, using all data from the GP database. The Diabetes adjudication
committee was composed of GPs, endocrinologists, epidemiologists and data-managers,
complemented with clinicians from the diabetes work package within the NEO study
(Appendix 2). The Diabetes adjudication committee defined the reference standard of
the diagnosis DM as having one of the following: 1) a correctly ICPC-coded diagnosis of
DM or ICPC-coded consultation note for DM; or 2) a prescription of glucose-lowering
medication; or 3) a strong indication for the diagnosis of DM by screening keywords in
the GP database.

First, the GP database was searched for coded diagnoses and coded consultations with
ICPC-code T90 and the corresponding date. To verify whether the diagnoses were cor-
rectly coded, the corresponding descriptions were screened for conflicting descriptions.
The extracted data of all participants with a conflicting description were read and recoded
when there was no diagnosis of DM. For example, a participant with the diagnosis ‘Uterus
extirpation 2002’ coded with ICPC-code T90 (DM) rather than an ICPC-code in chapter X
(Female genital system and breast), without a prescription of glucose-lowering medication
or DM consultations was recoded as no DM diagnosis. In addition, temporary steroid-in-
duced DM in the medical history was classified as no diagnosis of DM.
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Second, the GP database was searched for prescriptions of glucose-lowering medication
and the corresponding date, often registered according to the Anatomical Therapeutic
Chemical (ATC) codes listed under A10 (Drugs used in diabetes).(66) Prescriptions without
an ATC code were screened by the keywords insulin, metformin, tolbutamide, novo-
mix, victoza, actrapid, novorapid, actos, mixtard, janumet, eucreas, avandamet, avandia,
glucobay, diamicron, galvus, januvia, gliclazide, levemir, bydureon, pioglitazon, byetta,
apidra, amaryl, humalog, sitagliptine, lantus, glimepiride, saxagliptine, glibenclamide and
glucophage.

Third, of the remaining participants without an ICPC-coded diagnosis or consultation
and without a prescription for glucose-lowering medication, the medical history and
the consultation notes were screened by the keywords DM, diab, gluc, suiker. When a
keyword was detected, the extracted data were read and coded using a decision rule
developed by the Diabetes adjudication committee to code the data consistently. When
there was a strong indication for the diagnosis of DM, the data was coded as DM with
the corresponding date. A strong indication was defined as a written diagnosis of DM
or DM consultations.

The index date was defined as the first date of an ICPC-coded diagnosis, ICPC-coded
consultation notes, prescription or strong indication for the diagnosis DM. A diagnosis of
DM according to the reference standard with an index date before the date of the baseline
visit was defined as prevalent DM. A diagnosis of DM according to the reference standard
with an index date at or after the date of the baseline visit was defined as incident DM.

Statistical analysis

Baseline characteristics of the total population were expressed as the mean (SD), or
number (percentage). To examine the feasibility of data extraction from electronic health
records, we calculated the proportion of participants who gave informed consent to
extract data and the proportion of participants for whom data was obtained. We also
determined the time and costs related to the extraction of data from electronic health
records.

We estimated the prevalence and incidence of DM for each case definition, as described
above, while excluding those with missing data on self-reported DM or without health
information from the electronic health records. To evaluate the validity of the case defi-
nitions, we estimated sensitivity, specificity, positive predictive value, negative predictive
value, likelihood ratios and kappa statistics. The strength of the agreement was classified
as almost perfect for kappa values of more than 0.80.(67) For prevalent diagnosed DM,
we compared two case definitions with the reference standard, namely, self-report and
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ICPC-coded diagnoses. For incident diagnoses of DM, we compared ICPC-coded diag-
noses with the reference standard.

Participants with a fasting plasma glucose concentration above the upper limit of 7.0
mmol/L at baseline, as reported in the test results letter, may have consulted their GP with
this test result. These incident DM cases may have been detected earlier because of the
test results. To examine this effect, we repeated the analyses after excluding participants
with a fasting plasma glucose concentration >7.0 mmol/L and without an ICPC-coded
DM diagnosis at baseline. For all analyses, STATA statistical software (Statacorp, College
Station, TX), version 14 was used.
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Results

In total, 6,671 persons have been included in the NEO study between September 2008
and October 2012. The baseline characteristics of the participants are shown in Table 1.

Table 1 Baseline characteristics of the participants of the Netherlands Epidemiology of Obesity study,
aged 45 to 65 years with an oversampling of body mass index >27 kg/m? (n=6,671)

N Characteristics
Age (years) 6,671 56 (6)
Sex (men) 6,671 3156 (47)
Body mass index (kg/m2) 6,671 30.1(4.9)
Fasting plasma glucose (mmol/L) 6,617 5.7(1.1)
Self-reported diabetes 6,654 459 (7)
Glucose-lowering therapy 6,671 356 (5)

Data expressed as the mean (SD) or number (percentage)

Feasibility of data extraction from general practice electronic health records

Of all participants, 6,652 (99.7%) participants gave informed consent for the collection
of medical information. Of these, 6,622 participants reported the contact details of their
current GP when they made the appointment for the baseline visit. Between April 2012
and November 2014, 352 general practices received a letter with a request to extract
data from electronic health records. In 264 general practices, data were extracted from
twelve different primary care ICT systems. In addition, 52 general practices gave written
information about diagnoses and prescriptions. Of 180 participants, no information was
obtained due to non-response of the GP (11 participants of 11 general practices), a lack
of permission from the GP (41 participants of 25 general practices), the participant was
not registered in the reported general practice (120 participants), or death (8 participants).

In total, health information was obtained from 6,442 (97 %) participants, after a median
follow-up of 1.8 years (interquartile range 1.2 — 3.1) after baseline. The total costs of data
extraction and processing was estimated at €148,800 and the total time was estimated at
4,850 hours (Table 2). When only coded diagnoses were extracted and processed, the time
and costs were estimated to be 25% lower. A detailed overview of the costs and time is
shown in Appendix 3. In total, 1,230 different ICPC-codes were registered in the obtained
information from the electronic health records; 742 diseases/disorders, 404 complaints/
symptoms and 84 process codes (e.g., preventive procedures, administration, referrals).
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Table 2 Feasibility of data extraction from general practice electronic health records in the
Netherlands Epidemiology of Obesity study (n=6,671)

Informed consent to collect data, n (%) 6,652 (>99)
Participants of whom data was obtained, n (%) 6,442 (97)
Obtained unique ICPC-codes, n 1,230

Time to extract data?, hours 2,850

Time to process data®, hours 2,000
Costs to collect data, euro’s 148,800

Abbreviations: ICPC, International Classification of Primary Care

@ Contact with general practitioners, preparation of data extraction, travel to the general practices,
data extraction

® Building a database, case definition

DM at baseline by self-report

Of the 6,654 (>99%) participants who answered the questions at baseline about a med-
ical history of DM, 459 (7%) participants reported to be diagnosed with DM type 1 or
type 2. All participants brought their medication to the study visit and 356 (5%) partic-
ipants were using glucose-lowering medication. Of the participants with self-reported
DM, 106 participants were not using glucose lowering medication. One participant was
using glucose-lowering medication, but did not report being diagnosed with DM. Thus,
according to the definition, in total 460 participants had DM by self-report at baseline.

Prevalence and incidence of DM according to the case definitions

Table 3 shows the case status definitions of prevalent diagnosed DM according to each
case definition, including the overlap between the definitions. With self-report, 460 (69
per 1000) participants were defined as having prevalent diagnosed DM at baseline. With
ICPC-coded diagnoses, 461 (72 per 1000) participants were defined as having prevalent
DM at baseline. With the reference standard, 506 (79 per 1000) participants were defined
as having prevalent DM at baseline.

After excluding participants with prevalent ICPC-coded DM at baseline, 5,981 participants
were at risk of DM. During a total of 11,880 person-years of follow-up, 125 (21 per
1000) participants were defined as having incident DM, giving an overall incidence of 11
per 1000 person-years. With the reference standard, 5,936 participants were at risk of
DM after excluding participants with prevalent DM at baseline. During a total of 11,777
person-years of follow-up, 131 (22 per 1000) participants were defined as having inci-
dent DM, giving an overall incidence of DM of 11 per 1000 person-years. Table 4 shows
prevalent and incident DM cases according to each case definition.
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Table 3 Prevalent diabetes diagnosed according to the case definitions in 6,671 participants of the
Netherlands Epidemiology of Obesity study

Self-report ICPC-coded diagnoses
No diabetes Diabetes Missing No diabetes Diabetes  Missing

Reference No diabetes 5,893 31 12 5,935 1 0
standard Diabetes 89 413 4 46 460 0

Missing 212 16 1 0 0 229
ICPC-coded  No diabetes 5,919 50 12
diagnoses Diabetes 63 394 4

Missing 212 16 1

Abbreviations: ICPC, International Classification of Primary Care

Table 4 Prevalent and incident diagnosed diabetes cases according to the case definitions in
participants of the Netherlands Epidemiology of Obesity study

Definition of diabetes cases Study Prevalent  Prevalence Incident Incidence rate
population  diabetes (per 1,000  diabetes (per 1,000
(N) cases (N) persons) cases (N) person-years)

Self-report 6,654 460 69

ICPC-coded diagnoses 6,442 461 72 125 11

Reference standard 6,442 506 79 131 1

Abbreviations: ICPC, International Classification of Primary Care

Measures of agreement between the case definitions

All definitions of diagnosed DM showed an almost perfect agreement (kappa > 0.8) with
the reference standard (Table 5). For prevalent diagnosed DM, the agreement between
self-report and the reference standard was 98% (kappa 0.86) and the agreement between
ICPC-coded diagnoses and the reference standard was 99% (kappa 0.95). The agreement
between self-report and ICPC-coded diagnoses for prevalent diagnosed DM was 98%
(kappa 0.87). Of the participants with self-reported DM who did not use glucose lowering
medication, 68% had an ICPC-coded diagnosis for prevalent diagnosed DM. For incident
diagnosed DM, the agreement between ICPC-coded diagnoses of incident DM and the
reference standard of incident DM was 99% (kappa 0.92).

Exclusion of participants with a fasting plasma glucose > 7.0 mmol/L at baseline
Of all participants without an ICPC-coded diagnosis DM at baseline (n=5,981), 203 par-
ticipants had a fasting plasma glucose concentration above the upper limit of 7.0 mmol/L
at baseline, as was reported to them in the test results letter. After exclusion of these
participants, 5,778 participants were at risk of DM. During a total of 11,531 person-years
of follow-up, 63 (11 per 1000) participants were defined as having incident DM according
to ICPC-coded diagnoses, giving an overall incidence of 5 per 1000 person-years.
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Table 5 Measures of agreement and 95% confidence interval between the reference standard
and the case definitions for the definition of diagnosed diabetes in participants of the Netherlands
Epidemiology of Obesity study

Prevalent Incident
diagnosed diabetes diagnosed diabetes

Self-report ICPC-coded diagnoses  ICPC-coded diagnoses

(n=6,426) (n=6,442) (n=5,935)
Kappa 0.86 (0.84 — 0.89) 0.95 (0.93-0.96) 0.92 (0.88 - 0.96)
Sensitivity 82 (79 - 86) 91 (88 -93) 86 (79 -92)
Specificity 99.5(99.3-99.6) 100 (99.9 — 100) 100 (99.9 - 100)
Positive predictive value 93 (90 - 95) 99.8 (98.8 — 100) 99.1 (95.2 - 100)
Negative predictive value 98.5(98.2 - 98.8) 99.2 (99.0 - 99.4) 99.7 (99.5 -99.8)
Likelihood ratio of positive test 157 (110 -224) 5396 (760 - 3.8 * 10%) 5001 (704 —3.6 * 10%)
Likelihood ratio of negative test 0.18 (0.15—-0.22) 0.09 (0.07-0.12) 0.14(0.09-0.21)

Abbreviations: ICPC, International Classification of Primary Care

Of all participants without DM at baseline according to the reference standard (n=5,936),
189 participants had a fasting plasma glucose concentration above the upper limit of 7.0
mmol/L at baseline. After exclusion of these participants, 5,747 participants were at risk
of DM. During a total of 11,459 person-years of follow-up, 74 (13 per 1000) participants
were defined as having incident DM according to the reference standard, giving an overall
incidence of 6 per 1000 person-years.

The agreement between ICPC-coded diagnoses of incident DM and the reference stand-
ard was 99% (kappa 0.89).
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Discussion

In this study, we aimed to examine ICPC-coded diagnoses of DM from electronic health
records as an alternative to self-reported DM for the definition of case status in epide-
miological studies. Both self-report and ICPC-coded diagnoses from electronic health
records had an excellent agreement with the reference standard for the definition of DM
diagnosis. Case definition with information from electronic health records provided a high
follow-up rate of 97% and detailed health information was obtained.

In our study, we found a kappa value of 0.86 for self-reported DM compared with the
reference standard. This is in line with previous studies that reported kappa values of 0.71
to 0.92 for self-reported DM compared with diagnoses in medical records.(57-61) We
observed that the agreement between ICPC-coded diagnosis and the reference standard
was higher, with a kappa value of 0.95 for prevalent DM and 0.92 for incident DM. This
means that GPs code the diagnosis DM accurately in the electronic health records and
this finding supports our hypothesis that extracting ICPC-coded diagnoses from electronic
health records in the Netherlands is a valid and better alternative to self-reported DM.

A strength of this study is the availability of information from electronic health records of
most the participants of the NEO study to make a reference standard of DM. In addition
to comparing the feasibility and validity of ICPC-coded diagnosis from electronic health
records with a reference standard, we could compare the results with DM by self-report,
one of the most commonly used methods for DM diagnosis definitions in epidemiological
studies.

A limitation of this study is that there is no gold standard for DM diagnosis. The DM
definition for epidemiological studies according to the World Health Organization is a
fasting plasma glucose > 7.0 mmol/L, history of diabetes diagnosis, or use of insulin or oral
glucose-lowering medication.(68, 69) However, the methods needed for this definition
were not specified. We used a reference standard developed by the Diabetes adjudica-
tion committee of the NEO study using all information from the GP database, including
diagnoses, consultation notes, and prescriptions. Because DM type 2 is mainly diagnosed
and treated in general practice, this reference standard reflects the known diagnoses of
DM in the general population. A new diagnosis of DM is not based on a single fasting
plasma glucose, but requires confirmatory symptoms or laboratory tests on another day.
(69) In our study, the fasting plasma glucose concentrations were not measured twice at
baseline nor during the follow-up of this study, therefore unknown and undiagnosed DM
could not be identified. Nevertheless, we showed that using ICPC-coded diagnoses is a
valid method for the case definition of known DM in the population.
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After the baseline study visit, all participants received a letter informing them about their
fasting plasma glucose concentration and the upper limit of a normal fasting plasma
glucose concentration of 7.0 mmol/L. We did not inform the GPs of the participants and
do not know if participants with a fasting plasma glucose concentration >7.0 mmol/L
consulted their GP with this test result. In a previous study, the onset of DM was estimated
to occur 4 to 7 years prior to its clinical diagnosis.(70) Some of the incident DM cases
in our study may therefore have been detected early because of the test results. When
we considered participants without an ICPC-coded diagnosis of DM, but with a fasting
plasma glucose concentration >7.0 mmol/L not at risk of developing DM during follow-up,
the incidence of DM using the reference standard was 6 per 1,000 person-years, com-
pared with 11 per 1,000 person-years when these participants were considered at risk
of developing DM. The true incidence of DM in a median follow-up of 1.8 years most
likely lies between these two estimates. In- or excluding these cases had no influence on
the agreement between the ICPC-coded diagnoses and the reference standard. In the
future, prospective analyses of the NEO study with DM as an outcome variable and a
longer follow-up time, the effect of this potential early detection because of participation
in the study will become negligible.

In this study, both participants with DM type 1 and participants with DM type 2 are
included in the case definitions of DM diagnoses. We did not make separate subgroups
in the case definitions of prevalent DM because both a medical history of DM type 1 and
DM type 2 at baseline will be excluded in future prospective analyses on incident DM.
Seven percent of all patients with DM aged between 50 and 59 years in the Netherlands
have been diagnosed with DM type 1.(71) With regard to incident DM, we assume that
almost all participants with incident DM are diagnosed with DM type 2, because DM type
1 is usually diagnosed before the age of 30 years.(72)

An advantage of using electronic health records for the follow-up of cohort studies is
the high follow-up rate of 97%. The response rate of a follow-up questionnaire may be
substantially lower. For example, the response rate of a follow-up questionnaire of the
NEO study sent to the participants in 2013 was 78%. A higher follow-up rate increases
the statistical power of the study and selection bias is less likely to occur.(73) Moreover, the
reasons why we were unable to obtain health information from electronic health records
are likely to be unrelated to the diagnosis DM. For future data extractions, we aim to trace
the current GP of the participants with missing GP information. The high follow-up rate
in combination with the excellent agreement with the reference standard supports that
the ICPC-coded diagnoses of DM are a valid and better alternative than self-reported DM.
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Another advantage of using general practice electronic health records is that these records
are a great source of information. In the NEO study, 1,230 different ICPC-codes are regis-
tered in the obtained information from the electronic health records. In addition, detailed
information about diseases is available in the consultation notes. In cohort studies, the
number of obtained diseases via questionnaires is much lower (10-56 diseases) and often
limited to the presence of a diagnosis and the year of diagnosis.(74) However, the validity
of ICPC-coded diagnoses must be investigated for each disease.

Worldwide, electronic general practice data is increasingly used to conduct research.(75)
ICPC-coded diagnoses of DM from general practice data are probably also a valid source
for case-definitions in other countries with a primary care system that is comparable
with that in the Netherlands, like in the United Kingdom. In addition, in many countries,
an infrastructure for GP data-sharing is implemented in general practices to develop a
research data warehouse.(76) In the NEO study, a Dutch research data warehouse will
be used in future follow-up. A research data warehouse will reduce the time and costs
related to the collection of diagnoses and other medical information and will make the
use of GP data for researchers even more feasible.

In conclusion, the excellent agreement with the reference standard in combination with
the high follow-up rate supports that ICPC-coded diagnoses of DM are a feasible, valid
and a better alternative to self-reported diagnoses of DM for ascertainment of DM cases
in large cohort studies.
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Appendix 1 Method of data extraction from general practice electronic health records

The Dutch health care system

In the Netherlands, almost every citizen is registered with a general practitioner (GP),
the gatekeeper to secondary care. GPs use a primary care ICT system to store health
information about their patients: e.g., demographic details, International Classification of
Primary Care (ICPC) coded medical history, consultation notes, hospital discharge records,
laboratory and other test results, and prescriptions. Almost twenty different primary care
ICT systems are used and store health information in a different way.(65)

Contact general practitioners

To allow access to the electronic health records, both written and oral informed consent
were obtained from the participants. At the baseline visit, the participants reported their
current GP when they made the appointment for the study visit. Data from the electronic
health records of the participants were collected between April 2012 and November
2014. The general practices received a letter with a request to extract data from the
electronic health records of the participants in their general practice. This letter included
information about the Netherlands Epidemiology of Obesity (NEO) study, data extraction,
compensation for the extraction, and the possibility to receive the protocol of extraction
and a copy of the informed consent forms. After two weeks, a research nurse contacted
the general practice to schedule an appointment for extraction. The documentation con-
cerning these contacts was managed in a database at the NEO study centre in the Leiden
University Medical Center (LUMC).

Data extraction

In the general practice, the research nurse accessed the primary care ICT system and
marked the participants of the NEO study. Subsequently, the desired information was
selected. The selected information was extracted in one or more files. The number of files
and file type depended on the primary care ICT system. The extracted files were saved on
an encrypted USB device and taken to the NEO study centre. At the NEO study centre,
the extracted files were saved on a secured network server in the LUMC. Only authorized
employees have access to the extracted files. In case the general practice gave no consent
to extract the data or when the general practice was far from the study centre (and had
only one or two participants), written information was obtained.

Data processing

To make the data accessible to researchers, all data was converted in a uniform way.
Hereto we used STATA statistical software (Statacorp, College Station, TX) version 14. For
every primary care ICT system, several do-files need to be made to convert the data. The
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most challenging task was the conversion of single text-files into different tables. After
creating uniform tables, these files were merged into one multi-table database. Directly
identifying data was replaced with a unique NEO identification number. The psuedony-
misation key was stored separate from the GP database, only accessible by the head of
data management. Researchers only have access to the pseudonymised database.
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Appendix 2 Diabetes adjudication committee, full names academic degrees, affiliations

F.R. Rosendaal, MD PhD, Professor of clinical epidemiology, Leiden University Medical
Center, The Netherlands

M.E. Numans, MD PhD, Professor of public health and primary care, Leiden University
Medical Center, The Netherlands

M.W.M. de Waal, PhD, Coordinator research data warehouse, Leiden University Medical
Center, The Netherlands

I. de Jonge, MSc, Research data manager, Leiden University Medical Center, The Neth-
erlands

E.J.P. de Koning, MD PhD, Professor of endocrinology, Leiden University Medical Center,
The Netherlands

I.M. Jazet, MD PhD, Internist, Leiden University Medical Center, The Netherlands
M. den Heijer, MD PhD, Professor of endocrinology, VU Medical Center, The Netherlands

D.O. Mook-Kanamori, MD PhD, General practitioner, Leiden University Medical Center,
The Netherlands

O.M. Dekkers, MD PhD, Professor of endocrinology, Leiden University Medical Center,
The Netherlands
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Appendix 3 Estimated time and costs of data extraction and data processing from general practice
electronic health in the Netherlands Epidemiology of Obesity study (n=6,671)

Time (hours) Costs (euro’s)
Data extraction
Secretariat 400 9,600
Research assistants 2,250 60,000
Data management 200 5,700
Travel expenses 5,000
Compensation for the general practices 11,500
Data processing
Data management 2,000 57,000
Total 4,850 148,800
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Abstract

Purpose To explore the experiences and preferences of healthy research participants to
whom an incidental finding was communicated.

Materials and methods Of the 2,580 participants of the Netherlands Epidemiology
of Obesity (NEO) study who underwent MRI scanning of the abdomen, heart and/or
brain, an incidental finding with presumed health importance was disclosed to 56 (2%)
participants. These participants were invited to discuss their experiences regarding the
communication of the finding by the NEO research team in a focus group discussion.
Transcripts of the discussions were analysed using thematic content analysis with an open
coding system.

Results Twenty-three persons participated in four discussions; 57% male; mean age 58
years; 74% findings were suspect for a malignancy. Overall, the participants were grateful
for the disclosure of the incidental finding. They had assumed that any finding would be
disclosed, and this was an important reason to participate in research. None regretted
their informed consent to be notified about incidental findings. Disclosure of the finding
had great impact on the lives of most participants. Difficulties with the transition from
research participant to patient were frequently mentioned.

Conclusion This study provides information to improve the communication of incidental
findings by 1. giving clear information about which findings will be disclosed and 2.
demarcating the transition from research participant to patient, by making clear arrange-
ments with medical specialists to guarantee careful follow-up of the finding.
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Introduction

In research projects involving healthy volunteers, medical data is collected without clinical
indication. The procedures have the potential to yield information that is outside the scope
of the original research, but may be of potential health importance for the participant.
The prevalence of such incidental findings varies greatly with the kind of tests performed
in research projects, or with population characteristics of participants. In research projects
using brain magnetic resonance imaging (MRI), for example, the overall prevalence of
incidental findings is 2.7%(77) and in projects using whole-body MRI a prevalence of
32% has been reported(78).

Consensus exists that incidental findings of potential health importance have to be dis-
closed to the research participants in any case.(25) Researchers should describe the process
of communication of incidental findings as part of their research protocol.(25) However,
the communication of incidental findings raise many questions for the researchers, e.g.
how to define the health importance of the findings, how to explain the risks and ben-
efits of discovering incidental findings in the informed consent process, how to disclose
such findings, and how to organize the medical follow-up of incidental findings. Because
many persons participate in research each year(23), attention for the communication of
incidental findings is needed.

Currently, there is no legal precedent concerning the communication of incidental
findings. In the literature, existing recommendations regarding the communication of
incidental findings are generally based on ethical, legal, scientific and clinical perspec-
tives. A recent study observed that little is known about the perspectives of the research
participants themselves who are confronted with incidental findings.(79) Therefore, the
aim of this qualitative study was to explore the experiences and preferences of healthy
research participants to whom an incidental finding detected on MRI was communicated.
MRI was chosen as it is frequently used for research applications and it often generates
incidental findings. With this exploration we aim to improve the communication of inci-
dental findings in research.
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Methods

Methodological approach

The medical ethics committee approved this study and all participants gave informed con-
sent. We have used the COREQ checklist to guide the design of the study and reporting of
the data.(80) In August 2013, four focus group discussions were conducted with participants
of the Netherlands Epidemiology of Obesity (NEO) study, who had been confronted with
an incidental finding detected on MRI of the abdomen, heart or brain, made for research
purposes. The NEO study is a non-clinical prospective cohort study in healthy individuals.(52)

A qualitative research method was chosen to allow participants to articulate and discuss
their own experiences and preferences regarding the communication of incidental find-
ings. In line with the exploratory aim of our study, focus group discussions were carried
out instead of individual interviews as this method allows for interaction between the
participants, and thus elicit a multiplicity of views within a group context.(81) A qualita-
tive study design is characterised by collection of non-numerical data. Every statement is
equally important for in-depth understanding of the research topic, irrespective of how
frequent it is stated.(82) Moreover, frequencies cannot be measured due to the group
context where topics are not explicitly addressed by each participant.

Study population

Of the 2,580 participants of the NEO study who underwent MRI scanning of the abdo-
men, heart or brain, an incidental finding was disclosed to 56 (2%) participants. The
process of communication of incidental findings in the NEO study is described in more
detail in Table 1. In July 2013, these 56 participants were invited by a letter to participate
in a focus group discussion. After two weeks a reminder was sent by e-mail to the non-re-
sponders. The participants who were willing to participate in a focus group discussion
were divided over four focus group discussions according to their preferred date and time.

Interview guide

A topic list was used as interview guide to explore the experiences and preferences of
participants to whom an incidental finding was communicated. The topic list was based
on the process of the communication of incidental findings in the NEO study. The first
section addressed participants’ experiences of the informed consent of disclosure of inci-
dental findings, the way of disclosure, and the follow-up after disclosure. Thereafter, the
topic list focused on participation in research in general. The interview guide was piloted
in two semi-structured interviews with two randomly selected participants who were
confronted with an incidental finding. After the two semi-structured interviews, minor
adjustments were made to the interview guide.
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Focus group discussions

The focus group discussions were led by the first author (AWB), assisted by a second
researcher (JWB). Each focus group discussion (5-7 participants per group) lasted approx-
imately 75 minutes. The researchers made notes after each discussion. With the consent
of participants, the focus group discussions were recorded and transcribed verbatim. Data
saturation was reached after four focus group discussions.

Coding and analysis

The transcripts were independently read and analyzed by two researchers (AWB and YMD)
using thematic content analysis with an open coding system.(82) The coding system was
grounded in the data to generate a comprehensive understanding of the experiences
and preferences of the participants.(83) Emerging themes were organized in an analytical
framework for axial coding; this was discussed by three researchers (AWB, YMD and RR)
until consensus was reached. New codes were added when considered necessary. No
qualitative software was used in the analysis of the qualitative data. After coding, the data
were sorted according to the themes. Quotations were selected to illustrate each theme.

Table 1 Communication of incidental findings in the Netherlands Epidemiology of Obesity (NEO) study

A random subset of 35% participants without contraindications were invited to undergo magnetic
resonance imaging (MRI) of abdominal subcutaneous and visceral fat, and pulse wave velocity of the
aorta (n = 2,580), in combination with either cardiac function (n = 1,207), or the brain (n = 1,212)
according to standardized protocols. Contraindications were metallic devices, claustrophobia, and a
body circumference > 1.70 m. All scans were obtained with an MR system operating at a field strength
of 1.5 Tesla (Philips Mediical Systems, Best, Netherlands). The MRI scan were made for research purposes
to study, for example, fat depots, cardiac function and brain morphology, and therefore not performed
in accordance with the procedure of a clinically MRI scan. As a result, the quality of the images of the
MRI scan may be not good enough to detect all abnormalities. The NEO study was approved by the
medical ethics committee and all participants gave informed consent.

Informed consent process

Participants were recruited via general practitioners (GPs), municipal registers and advertisements. Exten-
sive study information was sent to those who were interested to participate, along with a questionnaire
and invitation for the baseline visit. In the extensive information the communication of incidental findings
on the MRI scan was indicated.

“In principle, you do not receive the result of the MRI scan. The images of the MRI scan will be
interpreted by a radiologist. When unexpected abnormalities are found that are likely to have
serious health consequences when left undiagnosed, we will contact you and your GP within
four weeks after the MRI scan. However, when no unexpected abnormalities are identified, this
will not completely exclude medical abnormalities, as the quality of the images of the MRI scan
performed for the NEO study may be not as good as an MRI scan for medical diagnostics.”
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Table 1 Continued

At the baseline visit, informed consent was obtained by trained staff. The participants were asked
whether they wished to be notified of incidental findings on the MRI scan that are likely to have serious
health consequences when left undiagnosed. During the informed consent process and the baseline
visit there were many opportunities to raise questions to the research staff.

Disclosure of incidental findings

All MRI scans were interpreted by radiologists. In case of an incidental finding with potential health
importance, the imaging report was sent to an independent internist-researcher. Thereafter, the inci-
dental finding was verified and its importance determined by protocol. An expert was consulted about
the incidental finding when needed. Incidental findings with a suspicion of a malignancy, aortic aneu-
rysms, brain aneurysms, and subdural hematomas were defined as incidental findings that were likely
to have serious health consequences when left undiagnosed. Those incidental findings were disclosed
by the internist-researcher to the participant and/or the GP, accompanied by either an advice for further
work-up in general practice or an appointment with a medical specialist. Incidental findings with a
high suspicion of a malignancy were disclosed immediately (median time from MRI scan to disclosure
10 days). The priority of the appointment with a medical specialist was based on the severity of the
incidental finding.

Within two weeks after the baseline visit, all participants received a letter with the results of tests on
blood pressure, serum cholesterol concentrations, fasting or non-fasting plasma glucose, renal function,
lung function, and bone mineral density. The disclosure of incidental findings was a separate pathway
and therefore not related to the disclosure of other test results. In general, these test results were dis-
closed earlier than the disclosure of incidental findings on the MRI.

Follow-up procedures

The GP or medical specialist was responsible for medical follow-up of the incidental finding. In this
country, every citizen is legally obliged to take out health insurance, covering common medical care.
The data of the MRI scans was stored anonymously at the research center, and therefore not available
in the medical record of the participant. The NEO study did not provide aftercare for the participants
with an incidental finding.
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Results

Of the 56 persons who were invited to participate in this qualitative study, 31 did not partici-
pate in the focus group discussion. Of these, 18 persons responded they could not participate
due to illness (n=1), vacation (n=5), other obligations (n=1) or no reason was reported (n=11),
13 persons did not respond. After two semi-structured interviews, 23 persons (41%) con-
fronted with an incidental finding participated in four focus group discussions. The participants
seemed to have more often a suspicion of a malignancy than non-participants. The baseline
characteristics of the participants and non-participants are shown in Table 2.

Table 2 Baseline characteristics of the participants and non-participants of the focus group discussions

Characteristics Participants focus Non-participants focus
group discussions group discussions
(n=23) (n=33)°
Mean (SD) age, years 58 (5) 55 (7)
Sex, men 13 (57%) 19 (58%)
Type incidental finding
Suspect for a malignancy 17 (74%) 16 (49%)
Aortic aneurysm 4(17%) 6 (18%)
Brain aneurysm 1(4%) 0
Subdural hematoma 0 1(3%)
Other 1(4%) 10 (30%)
Median (IQR) time from MRI scan to disclosure, days 34 (18-87) 55 (34-92)

Values are numbers (percentage) unless stated otherwise

Abbreviations: IQR,interquartile range; MRI, magnetic resonance imaging

2 Including two participants who took part in the semi-structured interviews to pilot the interview
guide for the focus group discussions

The experiences and preferences of the participants were clustered around six overarching
themes: reasons for participation in the original study, informed consent process, disclo-
sure of the incidental finding, transition from research to medical care, medical follow-up
of the incidental finding and impact of the incidental finding. A summary of the findings
is presented in Table 3.

Reasons for participation in the original study

The disclosure of test results, including results of the MRI scan, was an important reason
to participate in the NEO study. Either to receive confirmation of good health, or to detect
disease at an early stage:

“I wanted to prove that | was healthy” (Participant 04)
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Informed consent process

In general, the participants were satisfied with the information they received about the
communication of incidental findings in the informed consent process, although many
participants had assumed that all incidental findings would be disclosed, not just inciden-
tal findings with serious health consequences:

“Why did they not disclose my back disorder, my general practitioner
was already informed” (Participant 18)

All participants of the NEO study who underwent MRI wished to be notified of incidental
findings on the MRI scan. The risk of discovering an incidental finding was perceived as
a benefit to participate in this study:

“But why would you participate (if you don't want to know the MRI outcome)?
Someone else (could participate) instead of you” (Participant 05)

In one focus group discussion the differences with incidental findings in genetic research
were discussed. The participants felt that disclosure of incidental findings in genetic
research could be burdensome: for example in relation to getting insurances or for what it
means for their family members. Therefore they may not wish to be notified of incidental
findings in genetic research.

Disclosure of the incidental finding

The participants expected that incidental findings would be disclosed quickly after the
MRI scan. Mainly at the beginning of the NEO study several participants experienced more
than one month between the MRI scan and disclosure of the incidental finding, which
was considered too long. The participants were satisfied by whom the incidental finding
was disclosed, either by the researcher or the general practitioner (GP). Irrespective of the
GP’s role in the disclosure, they preferred the researcher to inform their GP. The partici-
pants preferred not to inform their GP themselves, as was the case for a few participants.
Disclosure was by telephone or by letter, but neither were preferred. The disclosure of an
incidental finding after other (negative) test results had been disclosed (e.g. laboratory test
results, within two weeks after the baseline visit) was experienced as confusing, because
an abnormal result of the MRI was not expected anymore. The participants perceived not
receiving any abnormal results as proof of being completely healthy.

Transition from research to medical care
The most intensely discussed theme in the focus group discussion was the transition from

research to medical care. From the perspective of the NEO research team the disclosure of
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an incidental finding to a research participant clearly marked his or her transition to being
a patient. However, for participants this was ambiguous: they did not clearly distinguish
between participating in research and entering medical care. An important issue was the
felt need to have a timely appointment with a medical specialist. This was discussed in
terms of reciprocity: in return of their research participation, they expected that research-
ers would make an effort to organize quick follow-up of the incidental finding:

“You cooperated here (in the hospital), so then you think, hey,
shouldn’t | have a little bit of priority?” (Participant 08)

During the follow-up of the incidental finding, they were surprised that not all GPs and
medical specialist were familiar with the NEO study:

“Nobody knew about what NEO was, even though it (the study) is
conducted in the same building” (Participant 01)

Moreover, they expected that all information about the incidental finding, including the
MRI scan would be available to the GP and medical specialist, whereas the data of the
MRI scans was stored anonymously, and therefore not available in the medical record of
the participant. In addition, they expected that all members of the research team would
be informed about the disclosure of an incidental finding, especially the contact person
of the study. In practice information about the disclosure of an incidental finding was
available to the contact person after consulting a database.

Medical follow-up of the incidental finding
The period between disclosure of the incidental finding and the follow-up of the inci-
dental finding by a GP or medical specialist was a worrying and uncertain time for many

participants:

“Normally, a month flies by quickly, but then a month is 31 days,
and that is 31 times 24 hours” (Participant 01)

“The rock-solid confidence in one’s body is momentarily gone” (Participant 03)

During the follow-up of the incidental finding, the participants expected their GP to
mainly give support.

Aftercare by the NEO study team for participants with an incidental finding was not
expected, though it would be much appreciated. They were pleased to participate in
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the focus group discussions to share their experiences with other participants This was
experienced as a form of aftercare.

Impact of the incidental finding

After disclosure of the incidental finding, the participants had reacted in different ways,
such as by seeking information, denial, or anticipation of possible consequences. After
medical follow-up, most participants had required (surgical) treatment. At the time of
the focus group discussions, consequences of the incidental finding varied widely. Some
participants did not experience any ongoing consequences. Others experienced physical
consequences, such as functional status decline. Mental consequences were also men-
tioned as some participants were more alert for symptoms or had feelings of distress and
anxiety:

“Of course there is a ticking time bomb somewhere.”(Monitored but
no primary tumour found at the moment) (Participant 09)

All participants reported that they had been happy to participate in the NEO study, and
grateful for the disclosure of an incidental finding. They emphasized the serendipity of
participation, of being part of the subset who underwent an MRI scan, and of the dis-

covery of an incidental finding:

“I don’t win the lottery either” [diagnosis of cancer at an early stage] (Participant 04)
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Table 3 Overarching themes and findings expressed by participants confronted with an incidental

finding

Theme

Findings

Reasons for
participation in
the original study

Disclosure of positive or negative test results and
the risk of discovering an incidental finding were reasons for participation.

Informed consent
process

Many participants assumed that all incidental findings were disclosed.
All participants wished to be notified of incidental findings. This may be
different for incidental findings in genetic research.

Disclosure of the
incidental finding

More than one month between the MRI scan and disclosure of the incidental
finding was considered too long.

There was no clear preference for disclosure by telephone or by letter.
Preference that the research team informs the participant’s GP, instead of by
the participants themselves.

The two separate pathways of disclosure of the different test results were not
clear. The disclosure of an incidental finding later than the disclosure of other
test results (e.g. laboratory test results, within two weeks after the baseline
visit) was experienced as confusing, because an abnormal result was not
expected anymore.

Participants perceived not receiving any abnormal results as being completely
healthy.

Transition from
research to
medical care

Participants had difficulties with the transition from research participant to the
patient role.

In return of their participation, they expected rapid access to follow-up of the
incidental finding.

Participants expect that all research information about the incidental finding
will be consigned to the GP or medical specialist.

Participants expect that the whole research team was informed about the
disclosure of incidental findings.

Medical follow-up
of the incidental
finding

Period between disclosure and the follow-up of the incidental finding by a GP
or medical specialist was a worrying and uncertain time.

The participants considered it the role of their GP to give support.

Participants experienced the focus group discussions as aftercare.

Impact of the
incidental finding

There was a wide variety in short-term and long-term consequences of the
incidental finding.

All participants were happy with participation and grateful for the disclosure of
an incidental finding.

Abbreviations: GP, general practitioner; MRI, magnetic resonance imaging
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Discussion

All participants in this study were grateful for the disclosure of an incidental finding.
Disclosure of the incidental finding had great impact on the lives of most participants,
which emphasizes the importance of guidance on how to manage incidental findings in
research. The most intensely discussed theme in the focus group discussions with research
participants was the transition of being a research participant to being a patient, including
the need of quickly entering follow-up procedures, the expectation that all information
about the incidental finding will be consigned to the GP or medical specialist, and the
expectation that the whole research team will be informed about the disclosure of inci-
dental findings. This is line with the finding that the disclosure of test results motivated
participants to take part in the NEO study.

The participants in this study assumed that any clinical problem would be identified and
disclosed. Although this was mentioned in the study information, they apparently did not
realize that the MRI scan was not optimized for clinical diagnosis and that only incidental
findings with serious health consequences would be disclosed. As a consequence the
participants misinterpreted not receiving abnormal results as proof of being completely
healthy. It is known that informed consent is frequently not understood by the partici-
pants.(84) Half of the participants in neuroimaging research expect all abnormalities to
be detected despite being informed otherwise.(85) The most effective intervention to
improve understanding is person-to-person interaction, as enhanced consent forms do
not appear to result in better understanding.(84) When also other test results are com-
municated to the participants, participants need clear information about the different
pathways of communicating the different results.

All participants in the NEO study wished to be notified of incidental findings. This is in
accordance with other studies about incidental findings.(85) In our study, none of the par-
ticipants confronted with an incidental finding regretted this choice. Some participants did
state that genetic incidental findings are different because of the possible consequences
for their family or insurance schemes.

According to our study, participants want to be informed about an incidental finding as
soon as possible. At the beginning of the NEO study, the responsibilities of interpretation
of the MRl scans and verification and disclosure of incidental findings were not assigned to
a specific person, which has led to more time from MRI scan to disclosure. The NEO study
team therefore revised the procedure on the communication of incidental findings, which
decreased the median time from MRI scan to disclosure from 117 days to 41 days. In
addition, the radiologists and the internist-researcher of the NEO study team experienced
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that it was difficult to interpret the MRI scans without patient characteristics or context.
As a consequence more incidental findings were verified and disclosed than originally
anticipated in the research protocol, which resulted in a more time-consuming procedure.
To be able to provide timely assessment of the test results, with identification of possible
incidental findings, and prompt disclosure after identification researchers should make a
detailed protocol on how to handle incidental findings before recruitment of participants.

The participants were satisfied by whom the incidental finding was disclosed, which
was either by the responsible internist-researcher of the NEO study or their GP. Different
opinions on who the best person would be to disclose incidental findings is also found in
focus group discussions with participants from the general public.(86) The advantages of
disclosure by the participants’ GP are the pre-existing relationship between GPs and their
patients. In a recent study primary care providers reported that patient’s clinical context
and personal traits affect how they communicated incidental findings.(87) Moreover,
when the finding is not disclosed by a member of the research team, this will demarcate
the transition from participating in research to entering medical care. Disadvantages are
the violation of the participant’s privacy, and the time the GP has to spend on communicat-
ing the incidental findings. When researchers decide to disclose the incidental findings to
GPs, this way of disclosure has to be communicated in the informed consent process.(25)

A frequently mentioned topic was the need of rapid access to follow-up procedures, the
expectation of which was discussed in terms of reciprocity. In the literature about the
communication of incidental findings, there is an ethical and legal trend that researchers
have duties toward research participants.(25) This includes timely disclosure of inciden-
tal findings to maximize benefits and minimize harms. Based on this trend, researchers
should make arrangements with medical specialists before start of a research project to
guarantee quick follow-up of the incidental finding. In reality this may be complicated,
as in our healthcare system appointments with medical specialists are mainly based on
triage, whereby the priority of care is based on the severity of the condition.

In our study, the participants did not clearly distinguish between participating in research
and entering medical care. This is also been described in a previous study, where par-
ticipants refer to researchers as doctors with medical knowledge.(88) To improve the
transition from research participant to patient, several suggestions can be made on the
basis of our findings. First, the medical specialists who may have to contribute in the
follow-up of the incidental findings have to be informed before the start of the project,
and during the research project for example by regular updates or when the follow-up of
a specific participant is planned. Furthermore the test results, in this case the MRI scan,
have to be promptly made available to the GP or the medical specialist in the follow-up
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process. And last, the contact persons of the research team have to be updated on the
disclosure of an incidental finding to a specific participant and, in general, instructed on
how to handle questions about the incidental findings. Implementation of these sugges-
tions takes time, though, they may be necessary to guarantee careful follow-up.

Researchers can consider organizing a meeting to provide peer-to-peer support for partic-
ipants with an incidental finding. The participants in our study stated that this would be
much appreciated. However, evidence about the effects of such intervention on wellbeing
is lacking and should be investigated.

All participants were grateful for the disclosure of an incidental finding. This may be seen
as a reason to support this policy. However, the disclosure of incidental findings is most
likely an example of a system with lack of negative feedback. Previous research on cancer
screening described that patients are positive about screening regardless of the outcome;
persons with a negative screening result are grateful for reassurance and a positive result
makes a person grateful for early detection.(89)

Previous studies mainly focused on the ethical, juridical and clinical perspectives.(25) With
this study population we were able to explore the experiences and preferences from an
insider’'s perspective.

Our study population consisted of twenty-three participants, a relatively small sample size
compared with quantitative studies. In addition, the participants in our study seemed to
have more often a suspicion of a malignancy than non-participants. As a consequence,
our results may not be representative for other populations. However, representation of
the total population is of less importance due to the exploratory aim of the research.(82)

The generalizability of our findings to other procedures may be limited due to a healthy
research population and the specific characteristics of the communication of incidental
findings in the NEO study. It is possible that experiences and preferences are different
in genetic research, with the disclosure of a broader range of incidental findings, or in
the course of clinical care or screening. More research is needed to explore these fields.
However, we expect that the overarching themes are relevant to all types of procedures.

In conclusion, the findings of the focus group discussions support the need for guidance
on how to communicate incidental findings in research. The perspective of the individual
confronted with an incidental finding is a valuable addition to the current debate on inci-
dental findings, where the perspective of research participants confronted with incidental
findings was lacking. Before recruitment of the participants, researchers should design a
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detailed protocol for the communication of incidental findings, including clear informed
consent information, a protocol to guarantee timely disclosure and arrangements with
medical specialists.
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Abstract

Background In contrast to structured, integrated risk assessment in primary care, unstruc-
tured risk factor screening outside primary care and corresponding recommendations to
consult a general practitioner (GP) are often based on one abnormal value of a single
risk factor. This study investigates the advantages and disadvantages of unstructured
screening of blood pressure and cholesterol outside primary care.

Methods After the baseline visit of the Netherlands Epidemiology of Obesity study (popu-
lation-based prospective cohort study in persons aged 45-65 years, recruited 2008-2012)
all participants received a letter with results of blood pressure and cholesterol, and a rec-
ommendation to consult a GP if results were abnormal. Four years after the start of the
study, participants received a questionnaire about the follow-up of their results.

Results The study population consisted of 6,343 participants, 48% men, mean age 56
years, mean BMI 30 kg/m?. Of all participants 66% had an abnormal result and, of these,
49% had a treatment indication based on the risk estimation system SCORE-NL 2006. Of
the 25% of the participants who did not consult a GP, 40% had a treatment indication.
Of the participants with an abnormal result 19% were worried, of whom 60% had no
treatment indication.

Conclusions In this population 51% of the participants with an abnormal result had
unnecessarily received a recommendation to consult a GP, and 10% was unnecessarily
worried. GPs should be informed about the complete risk assessment, and only partic-
ipants at intermediate or high risk should receive a recommendation to consult a GP.
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Introduction

The current strategy to reduce morbidity and mortality due to cardiovascular disease (CVD)
is based on structured risk factor screening and management, carried out in primary care.
(30, 90) In the past decade, cardiovascular risk management strategies have shifted from
single risk factor screening and treatment towards structured multifactorial risk manage-
ment using risk estimation systems as Framingham, SCORE, QRISK, and PROCAM.(28) In
these risk estimation systems, risk assessment is based on analysis and weighing of risk
factors to assess whether individual preventive treatment is indicated.(28)

However, single cardiovascular risk factors are still being measured without being part of a
structured risk management program, e.g. in occupational health, for research purposes,
or in incidentally offered health checkups at pharmacies or by private companies.(43-
45) In the Netherlands, every year 1,875,000 individuals undergo health checks outside
primary care.(91) In addition, another 317,000 individuals are involved in research each
year(23) in which risk factors are often measured. Unstructured risk factor screening and
corresponding recommendations to consult a general practitioner (GP) are often based
on one abnormal risk factor only. As a result, patients may consult their GP with incom-
plete results of risk factors and this does not always lead to treatment. As a consequence,
many persons may enter healthcare procedures unnecessarily and/or may be unnecessarily
worried. On the other hand, unstructured risk factor screening offers an opportunity to
identify all high-risk patients in primary care; however, not all individuals undergoing
unstructured tests consult their GP after receiving an abnormal result.(43, 92-94)

The aim of the present study was to investigate the advantages and disadvantages of

unstructured risk factor screening outside primary care for both patients and GPs, as
estimated from a population-based study.
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Methods

Study design and study population

The Netherlands Epidemiology of Obesity (NEO) study is a population-based prospective
cohort study in persons aged 45-65 years, with an oversampling of participants with a
body mass index (BMI) > 27 kg/m2. The study design has been described elsewhere.(52)
Participants with a self-reported BMI > 27 kg/m?2 were recruited between September 2008
and October 2012 from the greater area of Leiden (the Netherlands) via GPs, municipal
registers and advertisements. In one municipality (Leiderdorp) all inhabitants aged 45-65
years were invited irrespective of their BMI, to provide a reference distribution of BMI.
Prior to the NEO study visit, participants were asked to complete a questionnaire including
details on demographics, lifestyle, and clinical information. During the baseline visit at the
NEO study center of the Leiden University Medical Center (LUMC) several measurements
were performed, including physical examination and blood sampling.

Within two weeks after the NEO study visit, the participants received a letter with the
results of tests on blood pressure, serum cholesterol concentrations, fasting or non-fasting
plasma glucose, renal function, lung function, and bone mineral density. When a result
was abnormal on the basis of pre-defined cut-off points, a recommendation to consult a
GP was indicated. The GP was not informed by the NEO study team about the test results.
Four years after the start of the NEO study, we sent a questionnaire to all participants with
questions about the follow-up of their test results (Appendix 1).

The medical ethics committee of the LUMC approved the NEO study and all participants
gave informed consent.

The present study is a cross-sectional analysis of the baseline data and of the data derived
from the questionnaire about the follow-up of their test results. In the NEO study, 183
participants participated twice, with a 3-month to 2.5-year interval in between, to obtain
repeated measurements. However, because it was unclear for which of the two study visits
these participants had answered the questions about the follow-up of their test results,
they were excluded from the present analyses. In addition we excluded participants with
missing data for the variables that are needed for cardiovascular risk assessment.

Data collection and definition of risk factors

We used SCORE-NL 2006 to estimate the 10-year risk of a fatal CVD event and corre-
sponding indication for preventive treatment.(29) This method is described in more detail
in Appendix 2.
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A first-degree family history of myocardial infarction (M) or stroke, and prevalent CVD,
defined as a history of angina pectoris, Ml, stroke, aortic aneurysm or peripheral arterial
disease, was reported in the questionnaire. Smoking status was dichotomized in current
smokers and non-smokers (including former smokers).

At the NEO study visit, body weight and height were measured with a calibrated scale and
a vertically fixed, calibrated tape measure. The trained staff reported the height in cm; the
weight was rounded to 100g, 1kg was subtracted to correct for the weight of clothing.
BMI was calculated by dividing weight (in kg) by the square of height (in meters). Waist
circumference (WC) was measured between the border of the lower costal margin and
the iliac crest, with a precision of 0.1 cm.

Blood pressure was measured three times on the right arm by an automatic monitor after
a 10-min rest in sitting position; the mean of the measurements was used in the analyses.

12-lead electrocardiograms were interpreted to detect left ventricular hypertrophy using
the Minnesota Code 3.1 (RV/V, > 2.6 mV or RI/I/III/aVF > 2 mV or RaVL > 1.2 mV)(95).

Blood samples were taken after an overnight fast. Serum concentrations of cholesterol,
albumin, and creatinine, and plasma concentrations of glucose were determined in the
central clinical chemistry laboratory of the LUMC. Low-density lipoprotein (LDL) cho-
lesterol concentrations were not determined but were calculated using the Friedewald
formula(96). Glomerular filtration rate (eGFR) was estimated using the Modification of
Diet in Renal Disease (MDRD).(97) A reduced eGFR was defined as an eGFR <60 ml/
min/1.73m?2 in participants aged <65 years, and an eGFR <45 ml/min/1.73m2 in partici-
pants aged >65 years. Albuminuria was defined as an albumin/creatinine ratio >2.5 mg/
mmol for men and >3.5 mg/mmol for women. Prevalent diabetes mellitus (DM) was
defined as a self-reported history of DM, the use of glucose-lowering drugs, or a fasting
plasma glucose > 7.0 mmol/L.(98)

Cut-off points of an abnormal result of blood pressure and cholesterol

The cut-off points of blood pressure and serum concentrations of cholesterol were defined
as: total cholesterol (TC) > 6.5 mmol/L, high-density lipoprotein (HDL) cholesterol < 1.15
mmol/L, triglyceride > 2.3 mmol/L, TC/HDL ratio > 5, systolic blood pressure (SBP) > 140
mmHg, and diastolic blood pressure > 90 mmHg. Because LDL cholesterol concentrations
were not measured, the participants did not receive this result.

Statistical analysis
Baseline characteristics were expressed as mean (SD), or number (percentage). We calcu-
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lated the proportion of participants with a recommendation to consult a GP. Also, from
the participants with and without a recommendation, we calculated the proportion of
participants with a treatment indication using SCORE-NL 2006.

Descriptive statistics were used to summarize the answers to the follow-up questionnaire.
The responses “a bit worried” and “very worried” were combined to “worried”. Analysis
of each question of the questionnaire was restricted to complete cases.

The first 863 participants included in the NEO study completed a questionnaire that did
not contain questions about family history of CVD; these participants were considered as
having a negative family history of CVD. However, we also performed a sensitivity analysis
considering these participants as having a positive family history of CVD.

After December 31 2011 a revised guideline for cardiovascular risk assessment was imple-
mented in the Netherlands.(30) The most important changes in this revised guideline
are: estimation of the 10-year risk of a fatal and non-fatal CVD event, use of the SCORE
function for patients with DM, and adaptation of the risk estimates for patients with DM
or rheumatoid arthritis. In a sensitivity analysis we excluded participants with a study visit
after December 31 2011.

In the NEO study there is an oversampling of participants with a BMI =27 kg/m?2. In order
to translate our results to the general population, adjustments for the oversampling were
made by weighting participants towards the BMI distribution of the participants from the
Leiderdorp municipality(99, 100) whose BMI distribution was similar to that of the general
Dutch population(101). Finally, we divided participants into BMI categories according to
the World Health Organization categories(1) and evaluated whether the proportion of
participants with a recommendation to consult a GP, and with a treatment indication,
differed by BMI category. For all analyses, STATA statistical software (Statacorp, College
Station, Texas, USA), version 12 was used.
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Results

A total of 6,671 persons were included in the NEO study. Of these, the 183 participants
with a second study visit were excluded. After consecutive exclusion of participants with
missing data for blood pressure (n=14), cholesterol (n=45), smoking status (n=6), DM
(n=19), history of CVD (n=18), WC (n=2), albuminuria (n=26), eGFR (n=14) or electro-
cardiogram (n=1), 6,343 participants were included in the present analysis. The baseline
characteristics of the participants are shown in Table 1.

Table 1 Baseline characteristics of the participants of the Netherlands Epidemiology of Obesity study
(n=6,343)

Age (years) 56 (6)
Sex (men) 3,018 (48)
Body mass index (kg/m?) 30 (4,8)
Smoking (current) 1,043 (16)
Systolic blood pressure (mmHg) 133 (17)
Total cholesterol/HDL ratio 4,2 (1,3)
Diabetes mellitus? 659 (10)
eGFR (ml/min/1.73m?2) 86 (15)
Reduced eGFR® 161 (3)
Albuminuria 233 (4)
Left ventricular hypertrophy 109 (2)

First-degree family history of CVD
>1 member aged < 60 years 1,409 (22)
Data expressed as mean (SD) or number (percentage)
Abbreviations: CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate
2 Known and newly diagnosed diabetes mellitus
® Reduced eGFR: eGFR <60 ml/min/1.73m?2 in patients aged <65 years, eGFR <45 ml/min/1.73m?2 in
patients aged >65 year

Recommendation to consult a general practitioner

Of the study population, 4,497 (71 %) participants had one or more abnormal results and
were recommended to consult a GP. Of these, 4,159 (66% of all participants) participants
had an abnormal result of blood pressure and/or cholesterol, of whom 1,229 participants
had only an abnormal blood pressure result, 1,665 had only an abnormal cholesterol
result, and 1,265 participants had both.

Of all participants, 41% of the participants had a treatment indication. Of the participants
with an abnormal results of blood pressure and/or cholesterol, 49% had a treatment

indication. Of the participants without an abnormal result, 26% had a treatment indica-
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tion, which was based on an abnormal result of LDL cholesterol as calculated with the
Friedewald formula (Table 2).

Questionnaire about the follow-up of test results

Of the study population, 4,982 (79%) participants responded to the questionnaire about
the follow-up of their test results. Compared to the non-responders, the responders were
older, had a lower BMI, were more frequently non-smokers, had a lower TC/HDL ratio, a
lower eGFR, less frequently DM, and less frequently an abnormal result. The percentage
of missing answers to questions was < 1%.

Of the participants who answered the question about the presence of an abnormal result
(n=4,933), 3,442 participants had received a recommendation to consult their GP. Of
these: 1,541 participants stated in the questionnaire that they had an abnormal result,
511 participants did not know whether they had an abnormal result, and 1,390 partici-
pants stated that they had no abnormal result. Of these 1,390 participants, 49% had a
treatment indication (Table 3).

Of the 1,642 participants who stated in the questionnaire that they had an abnormal

result, 1,637 participants answered the question whether they consulted a GP, of whom
1,209 (74 %) participants consulted a GP, 405 (25%) participants did not consult a GP, and

Table 2 SCORE risk categories and treatment indication for all participants (n=6,343)

SCORE-NL 2006(29) Treatment indication
Prevalent CVD or DM or use of antihypertensive No treatment or meeting target levels
or lipid lowering drugs® Treatment or not meeting target levels
Definite indication® Treatment
Low risk No treatment
Intermediate riske No treatment
Treatment
High risk No treatment
Treatment
Total Treatment

Abbreviations: CVD, cardiovascular disease; DM, diabetes mellitus

 Treatment is indicated when systolic blood pressure > 140 mmHg and/or LDL > 2.5 mmol/L

® Systolic blood pressure > 180 mmHg, total cholesterol(TC)/HDL ratio > 8, TC > 8 mmol/l or triglycerides
>5 mmol/l
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23 (1%) participants did not know. Of the 1,209 participants who consulted a GP, 558
(46%) participants had a treatment indication as calculated with SCORE-NL 2006. The
most common actions in general practice were: 1) blood pressure measurement (48%),
2) blood sampling (29%), and 3) reassurance (24%).

Of the 405 participants who did not consult a GP, 162 (40%) participants had a treatment
indication as calculated with SCORE-NL 2006. The most common reasons not to consult
a GP were: 1) results already known (38%), 2) it does not seem a problem to me (37 %),
and 3) | do not expect that the GP will do anything (13%).

Of the participants who stated in the questionnaire that they had an abnormal result,
302 (19%) were worried due to the abnormal result. Of these, 60% had no treatment
indication as calculated with SCORE-NL 2006.

Of the 863 participants who could not report their family history of CVD, in only seven
participants a positive family history would change the treatment indication. In a sensitivity
analysis, when we considered these participants as having a positive family history, this
did not change the reported proportions (data not shown). Results were similar when
participants with a study visit after December 31 2011 (n=1,364) were excluded from the
study population (data not shown).

Only abnormal result  Only abnormal Both abnormal result blood No abnormal  Total

blood pressure result cholesterol  pressure and cholesterol result

N=1,229 N=1,665 N=1,265 N=2,184 N=6,343

N (%) N (%) N (%) N (%) N (%)

20 2%) 144 (9%) 18 (1%) 189 (9%) 371 (6%)
542 (44%) 462 (28%) 529 (42%) 541 (25%)¢ 2074 (33%)
24 (2%) 109 (7%) 124 (10%) 0 257 (4%)
542 (44%) 860 (52%) 441 (35%) 1404 (64%) 3247 (51%)
20 (2%) 31 (2%) 26 (2%) 16 (1%) 93 (1%)

66 (5%) 50 (3%) 100 (8%) 22 (1%)¢ 238 (4%)

0 0 0 1(0%) 1(0%)

15 (1%) 9 (1%) 27 (2%) 11 (1%)? 62 (1%)
647 (53%) 630 (38%) 780 (62%) 574 (26%)¢ 2631 (41%)

< Treatment in the intermediate group is dependent on additional risk factors(29)

4 Treatment indication based on an abnormal result of LDL cholesterol as calculated with the Friedewald
formula (LDL cholesterol concentrations were not measured at baseline and therefore not reported
to the participants)
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After weighting the analyses towards the BMI distribution of the general population, 56%
of the participants had an abnormal result of blood pressure and/or cholesterol, and were
recommended to consult a GP. Of these, 42% had a treatment indication (Table S2). After
stratification by BMI category, the proportions of participants with a treatment indication
of the participants with an abnormal result were 33% for BMI <25 kg/m?, 43% for BMI
25-30 kg/m2, and 56% for BMI>30 kg/m?. Results with regard to the follow-up and worry
of the participants were similar (data not shown).
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Discussion

Sixty-six percent of participants had an abnormal result of blood pressure and/or choles-
terol and was recommended to consult their GP. In the general population with a normal
BMI distribution, this percentage should be interpreted as 56%. Because half of these
participants had no treatment indication, they can be considered as having received an
unnecessary recommendation to consult their GP. This was especially the case for those
with a low estimated CVD risk. Of all participants, 19% were worried due to the abnor-
mal test result and, of that subgroup, more than half had no treatment indication. Thus,
finally, 11% of the population that had unstructured screening can be considered as being
unnecessarily worried and unnecessarily entering healthcare procedures, especially those
with a low estimated CVD risk. Twenty-five percent of participants with an abnormal
result did not consult a GP.

Our finding that 25% of the participants with an abnormal result did not consult a GP
is comparable with a survey showing that 27.8% of the self-testers did not consult a
physician after performing a self-test.(92) In our study, 40% of the participants with an
abnormal result who did not consult a GP, did have an indication for preventive treatment.
When only the participants, and not the GPs, are informed about the test results, these
high-risk patients would not receive the treatment required to prevent cardiovascular
events.

A qualitative study in 20 self-testers reported that little distress was experienced by
self-testers who had an abnormal cardiovascular risk factor.(93) In our study, 19% of the
participants were worried after receiving an abnormal result, and 10% were unnecessarily
worried. Although this percentage is low, it could have been prevented if the recommen-
dation to consult a GP was based on an integrated risk management approach, instead
of on a single risk factor.

Strengths of this study are the large study population and the availability of many risk
factors allowing to estimate the 10-year CVD risk and corresponding treatment indica-
tion using SCORE-NL 2006. Another strength is the availability of information about the
follow-up of participants with an abnormal result.

A limitation is that the information on follow-up was based on self-report. There was a
remarkable discrepancy between the number of participants who had an abnormal result
and therefore received a recommendation to consult a GP, and the number based on
self-report. Perhaps participants did not perceive the results as important, or were already
aware of the problem, or had simply forgotten about them. Another limitation of our
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study is that serum LDL concentration was not measured. Of the participants without
an abnormal result, 26% still had a treatment indication based on a calculated LDL >2.5
mmol/L.

After stratification by BMI category the results showed that, with a higher BMI, more
participants with an abnormal result had a treatment indication. This is in line with our
previous study that showed that overweight is an important factor in risk assessment.(102)

With the introduction of an integrated approach for cardiovascular risk management, GPs
have the responsibility to assess and follow-up cardiovascular risk factors. Unstructured
testing outside primary care may be an opportunity for GPs to acquire information on
risk factors in their patient population. However, the present study shows that not all
participants with an abnormal result consult a GP. Therefore, it is important that the test
provider informs the GPs about all the test results. In addition to the test results, it would
be efficient to send a complete risk assessment to the GP, and only those participants at
intermediate or high risk should receive a recommendation to consult a GP. Hopefully
this may reduce the burden of unnecessarily entering healthcare procedures and prevent
participants from being unnecessarily worried.

If either blood pressure or cholesterol is measured in the screening, a complete risk assess-
ment cannot be made. Even in that case, the maximum risk can be estimated based on
information about sex, age, smoking status, use of antihypertensive or lipid lowering
drugs, and history of CVD or DM. The estimated maximum risk can guide the decision as
to whether or not to recommend consultation of a GP.

Our findings suggest that it is important to inform the GP and the participant about all the

test results, including the complete risk assessment. Only participants who are assessed to
have an intermediate or high risk should receive a recommendation to consult their GP.
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Appendix 1 Follow-up questionnaire with questions about the test results

Question

Possible answers

To what extent were you worried prior to receiving the test
results?

Not worried
A bit worried

Very worried

Did you receive a recommendation to consult a general
practitioner based on an abnormal result?

Yes
No

| do not know

Did you expect an abnormal result?

Yes
No

I had no expectations

What was your reaction to the recommendation to consult your
general practitioner?

Not worried
A bit worried

Very worried

Did you consult your general practitioner after this
recommendation?

Yes a new consultation
Yes a regular consultation
No

| do not know

What were the follow-up actions of your general practitioner?

Blood sampling

Blood pressure measurement
Physical examination
Information about healthy lifestyle
Lung function test

Referral to a dietician
Referral to a specialist
Prescription of medication
Reassurance

No action taken

Do not remember

Other, ...
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Why did you not consult your general practitioner?

Results already known
It does not seem a problem to me

| do not expect that the general
practitioner will do something

| do not trust the results

| dread to think of the
consequences

Do not want to/no time
| do not remember
Other, ...
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Appendix 2 Cardiovascular risk assessment in primary care

We used SCORE-NL 2006 to estimate the 10-year risk of a fatal cardiovascular event and
corresponding indication for preventive treatment.(29) The SCORE function is based on
Dutch cohorts and is conceptually similar to risk estimation systems used elsewhere.(28)
The SCORE function can be used for patients aged 40-65 years and includes sex, age,
smoking status, systolic blood pressure (SBP), and total cholesterol/high-density lipopro-
tein (TC/HDL) ratio. The risk of participants with a SBP <120 mmHg or TC/HDL ratio <4
is calculated using SBP of 120 mmHg or TC/HDL ratio of 4.

For the indication for preventive treatment, the risk estimates were categorized into low,
intermediate and high risk, corresponding to the 10-year risk of a fatal cardiovascular
event of < 5%, 5-9%, and >10%, respectively. According to SCORE-NL 2006, in the
category ‘low risk’ no treatment is indicated. In the category ‘intermediate risk’ treatment
is indicated when SBP > 140 mmHg and/or low-density lipoprotein (LDL) > 2.5 mmol/L
and at least one additional risk factor is present. Additional risk factors are: a first-degree
relative with a cardiovascular event before age 60 years; body mass index > 30 kg/m2,
waist circumference > 88 cm for women or > 102 cm for men; end organ damage (albu-
minuria, a reduced estimated glomerular filtration rate, or left ventricular hypertrophy).
In the category 'high risk’ treatment is indicated when SBP > 140 mmHg and/or LDL >
2.5 mmol/L. Individuals with a SBP > 180 mmHg, TC/HDL ratio > 8, TC > 8 mmol/L or
triglycerides >5 mmol/L have a definite treatment indication regardless of the estimated
risk. Patients with diabetes mellitus or cardiovascular disease have a treatment indication
when SBP > 140 mmHg and/or LDL > 2.5 mmol/L. The recommended target SBP and
serum LDL concentration for patients using antihypertensive or lipid-lowering drugs is
SBP < 140 mmHg or LDL < 2.5 mmol/L.
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Abstract

Background In general practice it is too time-consuming to invite all patients for cardio-
vascular risk assessment.

Objective To examine how many patients with an indication for treatment with car-
diovascular medication can be identified by ad hoc case-finding when all patients with
overweight/obesity are invited for risk assessment.

Methods A cross-sectional analysis of the baseline measurements of the Netherlands
Epidemiology of Obesity study, a population-based prospective cohort study in 6,673
persons aged 45-65 years. We calculated the proportion of participants with a treatment
indication using the risk prediction Systematic COronary Risk Evaluation (SCORE-NL 2011),
for lean, overweight and obese participants. Participants with a history of cardiovascular
disease, diabetes mellitus or rheumatoid arthritis or using cardiovascular medication were
not eligible for ad hoc case-finding, because they were already identified as being at risk
and/or had been treated.

Results Of the study population, 30% had already been identified and/or treated with
cardiovascular medication and were therefore not eligible for ad hoc case-finding. Of
the eligible participants, 47% were lean, 41% overweight, and 12% obese. Of the
participants with overweight 12% had a treatment indication, of the participants with
obesity 19% had a treatment indication. Of all participants with a treatment indication
24% were not yet treated. Of all participants with a new treatment indication, 70% had
overweight or obesity.

Conclusions Of the participants with a treatment indication 24% were not yet treated.
Inviting patients with overweight/obesity for cardiovascular risk assessment may help to
detect 70% of these residual patients with a treatment indication.
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Introduction

To calculate the risk of cardiovascular disease (CVD) and corresponding treatment indi-
cation several risk estimation systems have been developed for primary prevention based
on cardiovascular risk factors (e.g., Framingham, SCORE, QRISK, PROCAM).(28) Cardio-
vascular risk assessment in general practice is time-consuming, with on average a first
consultation of 20 minutes for history taking and examination of the patient and a second
consultation of 20 minutes to discuss the results.(35, 36) Therefore, at present in the
Netherlands not all patients are invited for risk assessment, however high-risk patients
are usually identified first, either based on a more programmatic approach or by ad hoc
case-finding. In a programmatic approach, for example, all patients of 45 years or older
are invited to complete a risk questionnaire.(40) Patients at increased risk are advised to
consult their general practitioner (GP) for cardiovascular risk assessment. However, this
method is time-consuming and it is reported that only 36% of patients at risk responds
to the invitation.(40) Ad hoc case-finding among general practice attendants is the most
commonly used approach, which is less expensive and has better coverage since potential
high-risk patients are invited for cardiovascular risk assessment during a regular consulta-
tion for other reasons. However, a disadvantage of ad hoc case-finding is that it is unclear
what strategy can best be followed to identify high-risk patients efficiently, in addition
only a short consultation is planned for the actual reason for the encounter. As a conse-
guence, ad hoc case-finding is often neglected and high-risk patients with a treatment
indication may remain untreated.

Further optimization of the yield of case-finding may reduce time and costs related to car-
diovascular risk management; however the identifying factor needs to be obtained within
a few seconds during a regular consultation. Overweight may be a promising candidate
because this is a visible and (combined with simple measurements) easily obtained risk
factor. Therefore, we aimed to examine how many patients with a treatment indication
can be identified when all patients with overweight or obesity are invited for cardiovas-
cular risk assessment by ad hoc case-finding. Hereto we used the data of the Netherlands
Epidemiology of Obesity (NEO) study, a population-based prospective-cohort study includ-
ing lean, overweight and obese participants.(52) This study population allowed us to
calculate the gain in identification of patients with a treatment indication when using
weight as guidance for ad hoc case-finding.
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Methods

Study design and study population

The NEO study is a population-based prospective cohort study in persons aged 45-65 years
with an oversampling of participants with a body mass index (BMI) = 27 kg/m2. The study
design has been described elsewhere.(52) Participants with a self-reported BMI > 27 kg/
m2 were recruited from the greater area of Leiden, the Netherlands, via GPs, municipal
registers and advertisements. In one municipality (Leiderdorp) all inhabitants aged 45-65
years were invited, irrespective of their BMI, to allow for a reference distribution of BMI.
Prior to the NEO study visit, participants were asked to complete a questionnaire including
questions about demographics, lifestyle, and clinical information. During the baseline
visit at the NEO study center of the Leiden University Medical Center (LUMC) several
measurements were performed, including a physical examination and blood sampling.
This study is a cross-sectional analysis of the baseline measurements of the NEO study.
The study was approved by the medical ethics committee of the LUMC and all participants
gave informed consent.

Data collection in the NEO study

We used SCORE-NL 2011 to calculate the 10-year CVD risk for participants eligible for
ad hoc case-finding; this includes sex, age, systolic blood pressure (SBP), total choles-
terol (TC)/HDL ratio, smoking status, diabetes mellitus (DM), first-degree family history of
CVD, physical activity, BMI, estimated glomerular filtration rate (eGFR), poor metabolic
control, and albuminuria.(30) The method of SCORE-NL 2011 is described in more detail
in Appendix 1.

Participants without a history of CVD, DM or rheumatoid arthritis (RA) and without using
antihypertensive or lipid-lowering drugs were eligible for ad hoc case-finding. The ratio-
nale for this selection is that all other participants are regularly assessed due to being at
increased risk, or have already been identified with a treatment indication.

We defined prevalent CVD as a history of angina pectoris, myocardial infarction (Ml),
stroke, aortic aneurysm and peripheral arterial disease as reported in the questionnaire.
First-degree family history of Ml or stroke was reported in the questionnaire in five age
groups: before age 50 years, 50-60 years, 60-70 years, after age 70 years, and age
unknown. In SCORE-NL 2011 an event before age 60 years (one member) and before
age 65 years (two members) is used as additional risk factor. For the latter, we used a
CVD event before age 70 years.
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We defined newly discovered DM as a fasting plasma glucose >7.0 mmol/l or a non-fasting
glucose >11.1 mmol/I(98) and a history of DM as having a self-reported history of DM or
using glucose-lowering therapy. Poor metabolic control was defined as hemoglobin A1c
(HbA1c) >7%.(103, 104)

We defined participants with RA who regularly visit a physician, as participants using
disease-modifying antirheumatic drugs, such as methotrexate, sulfasalazine, immuno-
suppressive drugs, and biopharmaceuticals.

Physical activity was assessed with the Short QUestionnaire to ASsess Health-enhancing
physical activity(105), with a sedentary lifestyle as being zero days per week physically
active for at least 30 minutes with at least a moderate intensity. Smoking status was
dichotomized into current smokers and non-smokers (including former smokers).

Body weight and height were measured during the study visit with a calibrated scale and
a vertically fixed, calibrated tape measure during the study visit. The trained staff reported
the height in cm; body weight was rounded to 100g, one kilogram was subtracted to
correct for the weight of clothing. BMI was calculated by dividing weight (in kg) by the
square of height (in meters). Overweight was defined according to the World Health
Organization as a BMI 25-30 kg/m?, obesity as a BMI =30 kg/m2.(106)

Waist circumference (WC) was measured between the border of the lower costal margin
and the iliac crest rounded to 0.1 cm. An increased WC was defined as a WC >102cm
for men and >88cm for women.(107)

SBP was measured three times on the right arm by an automatic monitor after 10 min-
utes rest in sitting position. The mean of these measurements was used in the analyses.

Blood samples were taken after an overnight fast. Serum cholesterol concentrations, glu-
cose, HbA1c, and creatinine were determined in the central clinical chemical laboratory of
the LUMC. Albuminuria was defined as an albumin/creatinine ratio (ACR) >2.5 mg/mmol
for men and = 3.5 mg/mmol for women. eGFR was calculated using the Modification of
Diet in Renal Disease.(97) A reduced eGFR was defined as eGFR <60 ml/min/1.73m2 in
participants aged <65 years, and eGFR <45 ml/min/1.73m?2 in participants aged >65 years.

Statistical analysis

In the NEO study there is an oversampling of participants with a BMI >27 kg/m2. To
correctly represent the general population participants were weighted towards the BMI
distribution of the participants from the Leiderdorp municipality(99, 100) whose BMI dis-
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tribution was similar to the BMI distribution of the Dutch general population(101). Hereto,
participants with a BMI <27 kg/m?, who were underrepresented in the study population,
received a greater weight in the analyses. All results were based on weighted analyses.
Consequently, the results apply to a population-based study without oversampling of
participants with a BMI > 27 kg/m?2.

For participants eligible for ad hoc case-finding, we calculated the predicted 10-year CVD
risk and treatment indication according to SCORE-NL 2011. Differences in proportions
were tested using the Pearson’s chi-squared test. We also calculated the proportion of
participants with a new treatment indication of all patients with a treatment indication
for primary prevention, and. the proportion of participants with a treatment indication
of all participants with an increased WC.

The first 863 participants included in the study completed a questionnaire that did not
contain questions about family history of CVD; these participants were considered as
having no first-degree relative with a CVD event. However, we also performed a sensitivity
analysis considering these participants as having two first-degree relatives with a CVD
event before age 65 years.

All analyses are stratified by BMI category into BMI <25 kg/m?, BMI 25-30 kg/m2 and BMI
>30 kg/m2. Only proportions, not counts, could be reported due to the weighted analysis.
For all analyses, STATA statistical software (Statacorp, College Station, Texas, USA), version
12 was used.
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Results

Of the 6,673 persons included in the NEO study 5,215 had a BMI 227 kg/m2. The indi-
vidual participants were weighted towards the BMI distribution of the general Dutch
population. After weighting, 42% of the participants had a BMI <25 kg/m2, 42% a BMI
25-30 kg/m2, and 16% a BMI >30 kg/m2. Six percent of the participants were excluded
due to missing data for SCORE risk prediction.

The weighted baseline characteristics of the participants included in the present analysis
stratified by BMI category, are shown in Table 1. Participants with overweight or obesity
had a higher SBP, a higher TC/HDL ratio and more newly diagnosed DM compared with
lean participants.

The eligibility for ad hoc case-finding and the 10-year CVD risk and treatment indication
were calculated. Of the total study population, 30% of the participants were already
identified and/or treated. With increasing levels of BMI, more participants were already
identified and/or treated and not eligible for ad hoc case-finding; i.e. 20% of the par-
ticipants with a BMI <25 kg/m2 were already identified and/or treated, 32% with a BMI
25-30 kg/m2, and 49% with a BMI >30 kg/m2. This was mainly due to a higher proportion
of participants with a history of DM, RA or CVD and a higher proportion of participants
using antihypertensive or lipid-lowering drugs in the groups with a higher BMI. (Table 2,
Figure 1)
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Table 1 Baseline characteristics of the participants of the Netherlands Epidemiology of Obesity study,

aged 45-65 years, recruited in 2008-2012, and stratified by body mass index group®

BMI (kg/m?2)
<25 25-30 >30
(42 %) (42%) (16%)
Age (years) 56 (3) 56 (6) 56 (10)
Sex (% men) 35 54 44
BMI (kg/m?) 22.6(0.8) 27.1(1.4) 33.9(6.6)
Smoking (% current) 15 17 16
SBP (mmHg) 127 (9) 132 (17) 134 (29)
TC/HDL ratio 3.4(0.6) 4.2 (1.3) 4.4(2.2)
Newly discovered DM (%) 1 3 5
HbA1c (%) 6.1(0.8) 6.1(0.8) 6.3(1.2)
ACR 0.6 (0,1) 1.1(2.5) 3.6 (28.6)
eGFR (ml/min/1.73m?2) 85 (7) 85 (14) 86 (26)
Reduced eGFR (%)° 2 2 3
First-degree family history of CVD
>1 member aged < 60 years (%) 21 22 23
>1 member aged < 65 years (%) 36 34 36
>2 members aged <65 years (%) 8 8 10
Sedentary lifestyle (%)° 3 5 8

Data are expressed as mean (SD) or %

Abbreviations: ACR, albumin/creatinine ratio; BMI, body mass index; CVD, cardiovascular disease; DM,

diabetes mellitus; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; SBP, systolic blood

pressure; TC/HDL ratio, total cholesterol/HDL ratio

2 Results are based on weighted analyses and therefore represent the general population

® Reduced eGFR: eGFR <60 ml/min/1.73m?2 in patients aged <65 years, eGFR <45 ml/min/1.73m2 in
patients aged >65 years

< Sedentary lifestyle: being zero days per week physically active for at least 30 minutes with at least a
moderate intensity.

Overall, 80% of the participants eligible for ad hoc case-finding had a low CVD risk, 13%
an intermediate risk, and 4% a high risk based on the SCORE function, and 3% had a
definite treatment indication based on a single high risk factor. Of all eligible participants
treatment was indicated in 10% (19% of the men, 4% of the women).
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Figure 1 Eligibility for ad hoc case-finding for cardiovascular risk assessment and cardiovascular treat-
ment indication calculated by SCORE-NL 2011 in participants aged 45-65 years of the Netherlands
Epidemiology of Obesity study?

100

807

607

407

Percentage (%)

207

<25 25-30
BMI (kg/m2)

I Not eligible for ad hoc case-finding
[ Eligible for ad hoc case-finding, no treatment indication
[ Eligible for ad hoc case-finding, treatment indication

For all participants within a BMI group the percentage is shown of participants not eligible and the
percentage eligible for ad hoc case-finding. Not eligible for ad hoc case-finding were participants with
a history of cardiovascular disease, diabetes mellitus or rheumatoid arthritis, or who are using antihy-
pertensive or lipid-lowering drugs. The percentage of the participants eligible for ad hoc case-finding
is divided into participants with and without a treatment indication.

Abbreviations: BMI, body mass index

2 Results are based on weighted analyses

Of the eligible participants with a BMI 25-30 kg/m2 12% (18% of the men, 6% of the
women) had a treatment indication, of the eligible participants with a BMI >30 kg/m?2
19% (35% of the men, 6% of the women) had a treatment indication. (Table 3) When
combining all eligible participants with overweight or obesity (BMI =25 kg/m?), 14% (men
21%, women 6%) had a treatment indication.
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Table 2 Eligibility for ad hoc case-finding for cardiovascular risk assessment in participants aged 45-
65 years of the Netherlands Epidemiology of Obesity study, stratified by body mass index group?

BMI (kg/m?2)
<25 25-30 >30
(42%) (42 %) (16%)
% (95% Cl) % (95% Cl) % (95% Cl)
Eligible for ad hoc case-finding 80(77-83) 68(66-70) 51(50-53)
Not eligible for ad hoc case-finding® 20(17-23) 32(30-34) 49(47-50)
History of DM or RA 2(1-3) 4(3-5) 12(11-13)
History of CVD 5(3-6) 7(5-8) 9(8-10)
Use of antihypertensive or lipid-lowering drugs 18(15-21) 29(27-31) 45(44-47)

Abbreviations: BMI, body mass index; Cl, confidence interval, CVD, cardiovascular disease; DM, diabetes
mellitus; RA, rheumatoid arthritis

2 Results are based on weighted analyses

® More than one reason can be present in the participants not eligible for ad hoc case-finding

When considering all participants with a treatment indication (including those already
using primary preventive medication and those with a new treatment indication), 24%
were not yet treated; i.e. 26% of the participants with a BMI <25 kg/m2, 26% with a BMI
25-30 kg/m2, and 20% with a BMI >30 kg/m?2 (p=0.19). Of all participants with a new
treatment indication 70% had overweight or obesity.

Of all participants eligible for ad hoc case-finding 32% had an increased WC; of those
with an increased WC, 14% had a treatment indication.

Of the 863 participants who did not report their family history, only 60 participants were
both eligible for ad hoc case-finding and fell in the category “intermediate risk”, in which
family history may influence the treatment indication. In a sensitivity analysis, when we
considered these participants as having two first-degree relatives with a CVD event before
age 65 years, this had no marked effect on our results: i.e. 14% of the eligible participants
with a BMI 25-30 kg/m2 had a treatment indication, and 19% of the eligible participants
with a BMI >30 kg/m? had a treatment indication.

82



Overweight to guide cardiovascular risk assessment

Table 3 SCORE risk categories and corresponding treatment indication for participants aged 45-65
years of the Netherlands Epidemiology of Obesity study, who were eligible for ad hoc case-finding for
cardiovascular risk assessment, stratified by body mass index group®

BMI (kg/m?2)
<25 25-30 >30
(47 %) (41%) (12%)
SCORE-NL 2011(30) Treatment indication % (95% Cl) % (95% Cl) % (95% Cl)
Low risk No treatment 85 (82 — 88) 75 (73 -78) 76 (74 -78)
Intermediate risk® No treatment 8(6-11) 12(10-14) 6(5-7)
Treatment 2(1-3) 3(2-4) 9(7-10)
High risk No treatment 0@O-1) 0(0-0)
Treatment 2(1-4) 5(4-6) 6(5-7)
Definite indication® Treatment 2(1-3) 4(3-5) 4(3-5)
Total * Treatment 6(4-38) 12 (10-14) 19 (17 - 21)

* Chi squared test p=<0.001

Due to rounding, percentages may not add up to 100%

Abbreviations: BMI, body mass index; Cl, confidence interval

2 Results are based on weighted analyses

® Treatment in the intermediate group is dependent on additional risk factors(30)

< Systolic blood pressure > 180 mmHg , or total cholesterol (TC) > 8 mmol/l, or TC/HDL ratio > 8, or
triglycerides >10
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Discussion

This study used data from a large population-based prospective cohort study with all
the information present to calculate the 10-year CVD risk and corresponding treatment
indication. We aimed to identify high-risk patients for cardiovascular risk assessment by
ad hoc case-finding among patients visiting their GP for other reasons. We observed that
with higher levels of BMI more participants were already identified with a high risk or
disease by the GP, leading to treatment. However, 24% of the participants with a treat-
ment indication were not yet identified and treated. In the participants eligible for ad hoc
case-finding, 12% of the participants with overweight and 19% of the participants with
obesity had a treatment indication. Importantly, most of them were men. Hence, the risk
of eight patients with overweight or five patients with obesity needs to be assessed to
detect one patient with a treatment indication.

When the results are applied to a standard general practice in the Netherlands (2400
patients registered, 590 patients aged 45-64 years old), 413 patients are eligible for ad
hoc case-finding. Of the 50 patients that would have obesity (BMI =30 kg/m?) 9 patients
would have a treatment indication. When patients with overweight (BMI 25-30 kg/m2)
could also be identified, then 219 patients (BMI >25 kg/m2) would be selected for further
risk assessment, of which 31 with a treatment indication.

To our knowledge, few studies have examined the yield of identification of high-risk
patients by ad hoc case-finding in general practice. Previous studies mainly focused
on improving the risk estimation systems, or on the development of a programmatic
approach for identification of high-risk patients.

For example, in the Prevention Consultation, a programmatic approach in the Netherlands
for the prevention and early detection of CVD, DM and chronic kidney disease (CKD),
a risk questionnaire is sent to all patients aged 45-70 years, and patients with a high-
risk score are referred to their GP for extensive measurements including cardiovascular
risk assessment. As a result, 20% of the patients who visited their GP with a high risk
score had a cardiovascular treatment indication, DM or CKD.(40) An advantage of our
approach, identifying high-risk patients by ad hoc case-finding, is that it costs less in terms
of time and money to invite patients for risk assessment.

A prospective modeling study compared different screening strategies to identify high-
risk patients with the invitation of all patients aged 40-79 years. When patients aged
40-79 years with overweight (BMI >27,5 kg/m2 or a WC >94 cm in men or >80 cm in
women) are identified for cardiovascular risk assessment, 70% of the CVD events can
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be prevented that would have been prevented had all patients had been invited for risk
assessment (with a number needed to intervene to prevent one new CVD event of 100).
(108) This may imply that, compared with inviting all patients, a major proportion of the
preventable CVD events are prevented when only patients with overweight are identified.

Strengths of this study are the large sample size, and the extensive and uniform measure-
ments of all information needed for calculating the 10-year CVD risk. A limitation is that
the identification of patients for further risk assessment by ad hoc case-finding depends
on whether patients regularly consult their GP. On average, 74% of the registered patients
visit a GP at least once a year(109), with a higher attendance rate with higher BMI(110).
Though, for GPs it will be a challenging task to fit identification for cardiovascular risk
assessment into a consultation that has another reason for the encounter. Another limita-
tion is oversampling of participants with a BMI >27 kg/m2, which is corrected by weighted
analyses to represent the general population. Without these adjustments, the proportion
participants with a BMI >27 kg/m?2 would be higher and therefore the proportion partic-
ipants with a treatment indication would be higher. In contrast, the weighted results can
be translated to the general population.

Remarkably, 30% of all participants had already been identified and/or received treatment.
This may even be an underestimation, because there may have been eligible participants
without a treatment indication whose risk had already been assessed in general practice,
resulting in no treatment indication. Overall, 24% of all participants with a treatment
indication had not yet been treated, with no differences between BMI-groups.

Case-finding by inviting patients with overweight or obesity does not imply measuring
weight and height and calculating BMI at each consultation. In practice, GPs can visually
identify patients based on their perception of the patient’s weight status. It is reported that
GPs correctly classify 75% of overweight patients (BMI >25 kg/m?) as having overweight,
with higher rates with increasing BMI levels.(111) In our study WC, a measure reflecting
abdominal obesity, also showed a similar proportion of participants with a treatment
indication compared with BMI.

Due to the lower costs and because it is initially less time-consuming, the most frequently
used approach to identify high-risk patient for cardiovascular risk assessment is ad hoc
case-finding. We hypothesized that patients with overweight/obesity are an important
subgroup to identify for further risk assessment, because overweight is associated with
the cardiovascular risk factors used in risk estimation systems and is easy to obtain. We
observed that with higher levels of BMI more participants had a treatment indication,
some already identified and treated. When all eligible patients with overweight/obesity
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are invited for further risk assessment, 70% of the residual patients with a treatment
indication could be identified, who would otherwise remain untreated.

In conclusion, our findings show that although a large part of the participants had already
been identified and treated, inviting patients with overweight or obesity (especially men)
for cardiovascular risk assessment may help to detect a substantial additional group of
patients with a treatment indication.
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Appendix 1 Cardiovascular risk assessment

In the Netherlands, SCORE-NL 2011 is used to calculate the 10-year CVD risk.(30) The
SCORE function is based on Dutch cohorts and conceptually similar to risk estimation
systems used elsewhere.(28) The SCORE risk chart can be used for persons aged 40-70
years. We conservatively imputed the risk for participants with an age > 70 years, SBP
<120 mmHg or TC/HDL ratio <4 by using an age of 70 years, a SBP of 120 mmHg or a
TC/HDL ratio of 4, respectively.

To determine the indication for treatment with antihypertensive and/or lipid-lowering
drugs, we categorized the risk estimates into low, intermediate, and high risk, correspond-
ing to a 10-year risk of a non-fatal or fatal CVD event of <10%, 10-19%, and >20%,
respectively. According to SCORE-NL 201 1treatment is indicated in the category “inter-
mediate risk” when SBP >140 mmHg and/or LDL >2.5 mmol/l and at least one strong
additional risk factor or two mild additional risk factors are present. Strong additional risk
factors are: at least two first-degree relatives with a CVD event before age 65 years or one
with an event before age 60 years; a sedentary lifestyle; BMI >35 kg/m2; eGFR <30ml/
min/1.73m2; poor metabolic control of DM; DM and (micro-)albuminuria. Mild additional
risk factors are: one first-degree relative with a CVD event before age 65 years; physical
activity <30min/day <5days a week (not a sedentary lifestyle); BMI 30-35 kg/m?; eGFR
30-60 ml/min/1.73m2 for persons aged <65 years, age >65 years 30-45 ml/min/1.73m2.
In the category “high risk” treatment is indicated when SBP >140 mmHg and/or LDL >2.5
mmol/I. Persons with a SBP >180 mmHg, TC/HDL ratio > 8, TC >8 mmol/l or triglycerides
>10 mmol/l have a definite treatment indication, irrespective of the predicted CVD risk.
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Abstract

Background Hepatic steatosis is increasingly prevalent worldwide and is associated with
a 64% increased cardiovascular disease (CVD) risk.

Objective To examine whether cardiovascular risk prediction can be improved by adding
non-invasive markers of hepatic steatosis to the Framingham risk score.

Methods Data was used from the European Prospective Investigation into Cancer and
Nutrition-Netherlands study, which comprises 40,011 men and women aged 20-70 years
at recruitment in 1993-1997. We analysed participants aged 30-70 years without preva-
lent CVD and not using preventive treatment. Serological markers of liver function (alanine
aminotransferase (ALT), aspartate transaminase (AST), gamma glutamyltransferase (GGT))
and scores developed for the prediction of hepatic steatosis (fatty liver index, hepatic
steatosis index, ALT/AST ratio) were added to the calibrated sex-specific Framingham risk
score. The outcome was defined as a CVD event in 10 years of follow-up. Model per-
formance was evaluated by measures of discrimination, calibration and reclassification.

Results During 10 years of follow-up, a CVD event occurred in 7% of the men and 5%
of the women. None of the markers of hepatic steatosis was a predictor for CVD in men
when added to the Framingham risk score. In women, GGT, ALT, the fatty liver index,
and the AST/ALT ratio were predictors. Adding these markers did not lead to a relevant
improvement in discrimination, calibration or reclassification.

Discussion Easily accessible markers of hepatic steatosis did not improve cardiovascular
risk prediction in addition to the established risk factors. Future research is needed to
examine the added predictive value of other markers of hepatic steatosis.
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Introduction

In clinical practice, patients at increased cardiovascular risk are currently identified by
estimating an individual's 10-year risk of cardiovascular disease (CVD) using a risk esti-
mation system. Examples of those risk estimation systems are the Framingham risk score,
Pooled Cohort Equations, SCORE, and QRISK.(28) Based on the estimated risk, physicians
decide whether preventive treatment is indicated. This requires an optimal estimation of
an individual’s cardiovascular risk. External validations of the most commonly used risk
estimation systems have demonstrated an area under the receiver operating curve (AUC)
between 0.75 and 0.80.(28) This means that the prediction of an individual's 10-year
cardiovascular risk is not optimal, which may lead to under- and overtreatment of patients.

Possibilities to improve cardiovascular risk prediction are explored in various studies and
adding information about the presence of hepatic steatosis, the early stage of non-alco-
holic fatty liver disease (NAFLD) is one of the approaches. NAFLD covers a broad clinical
spectrum ranging from simple hepatic steatosis to non-alcoholic steatohepatitis (NASH)
and cirrhosis, with varying degrees of inflammation and fibrosis, in the absence of exces-
sive alcohol consumption.(112) Currently, the global prevalence of NAFLD in the general
population is 25%, with a prevalence of up to 90% in persons with obesity.(46) NAFLD
is strongly related to several cardiometabolic diseases(47) and associated with a 64%
increased risk of CVD(48), and is therefore a likely candidate to improve cardiovascular
risk prediction.

Proton magnetic resonance spectroscopy and liver biopsy are reference measurements
for the assessment of hepatic steatosis and fibrosis.(113) However, these measurements
cannot be used in a cardiovascular risk estimation system in clinical practice, due to
the invasiveness, availability and costs of the measurements. Serological markers of liver
function and combination scores developed for the prediction of hepatic steatosis may
be non-invasive alternatives that probably can be used in daily practice. In a previous
study in men, cardiovascular risk prediction improved when gamma glutamyltransferase
(GGT) was included in the Framingham risk score.(49) However, other studies in men
and women showed no improvement when GGT or the ratio of aspartate transaminase
(AST) and alanine aminotransferase (ALT) was included in current risk estimation systems.
(50, 51) It is suggested that the improvement may differ between men and women.(51)
In addition, it is unknown whether combination scores developed for the prediction of
hepatic steatosis have any added value in a risk estimation system. Therefore, the aim of
this study was to examine whether cardiovascular risk prediction can be improved when
non-invasive markers of hepatic steatosis are added to the Framingham risk score and if
improvement differed between men and women.
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Methods

Study design and study population

The EPIC-NL cohort includes two Dutch contributions to the European Prospective Investi-
gation Into Cancer and Nutrition (EPIC), the Monitoring Project on Risk Factors for Chronic
Diseases (MORGEN) cohort and Prospect cohort. The study design has been described
elsewhere.(53) In both cohorts, the participants were recruited simultaneously between
1993 and 1997. The MORGEN cohort consists of a general population sample of 22,654
men and women aged 20-59 years. Prospect is a prospective cohort study in 17,357
women aged 49-70 years, who participated in the national breast cancer screening pro-
gramme between 1993 and 1997.

At baseline, the participants completed a questionnaire, a brief physical examination was
performed, and a non-fasting blood sample was drawn, fractionated into aliquots, and
stored in liquid nitrogen for future analyses. Biochemical measurements were performed
in a random sample of 6.5% of the baseline cohort (sub-cohort of 2,604 participants) and
in all incident cases of cardiovascular disease that occurred before 2006 for the purpose
of a previous case-cohort study.(114, 115)

In the present study, we included all participants from the sub-cohort and all incident cases
of CVD during 10 years of follow-up. A total of 2,332 CVD events occurred, of which
2,177 events occurred in participants outside the sub-cohort. The Framingham risk score
is developed for persons aged 30-70 years without a history of CVD. So, we consecutively
excluded participants outside this age range (n=3,805) and participants with a history
of CVD (defined as a medical history of coronary heart disease, cerebrovascular disease,
pulmonary embolism, peripheral artery disease, abdominal aortic aneurysm or heart fail-
ure, n=1,255). Furthermore, we excluded participants who did not consent to linkage
with disease registries as well as participants who were lost to follow-up (n=1,467). The
local medical ethics committees approved the cohort studies and all participants gave
informed consent.

Cardiovascular risk estimation system

We used the sex-specific Framingham risk score to estimate 10-year CVD risk.(18) This
model includes the risk factors age, treated and nontreated systolic blood pressure (SBP),
total cholesterol and high-density lipoprotein (HDL) cholesterol concentrations, diabetes
mellitus and smoking status. According to the guideline, the risk estimates were cate-
gorized into a low, intermediate and high risk, corresponding to a 10-year CVD risk of
<10%, 10-20%, and >20%, respectively.
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The blood pressure was measured twice in supine position, in Prospect on the right arm
using a Boso Oscillomat (Bosch & Son, Jungingen, Germany) and in MORGEN on the left
arm using a random zero sphygmomanometer. The average of the measurements was
used in the analyses. Total cholesterol concentrations were measured using an enzymatic
method and HDL cholesterol concentrations were measured using a homogeneous assay
with an enzymatic endpoint, both on an autoanalyser (LX20, Beckman Coulter, Mijdrecht,
the Netherlands).

Information on the medical history of diabetes mellitus, use of antihypertensive medica-
tion and smoking status were reported in the baseline questionnaire. The information on
the medical history of diabetes mellitus was clinically validated.(56)

Markers of hepatic steatosis

We examined three serological markers of liver function and three combination scores
developed for the prediction of hepatic steatosis. The serological markers ALT, AST and
GGT were measured using enzymatic methods on an autoanalyser (LX20, Beckman Coul-
ter, Mijdrecht, the Netherlands). We examined the added value of the markers both as
continuous variables and dichotomized. The markers were dichotomized using the upper
limit of the normal range: 45 U/L for ALT, 35 U/L for AST and 50 U/L for GGT.

In addition, we examined the combination scores: the fatty liver index, the hepatic stea-
tosis index, and the AST/ALT ratio. The fatty liver index predicts steatosis by using body
mass index, waist circumference, triglycerides and GGT.(116) This combination score is the
most promising score for the detection of steatosis, with an AUC of 0.84 in the general
population.(117) We examined the added value of the continuous score, a threshold of
<30 to rule out steatosis and a threshold of >60 to rule in steatosis. The hepatic steatosis
index is an algorithm based on ALT, AST and body mass index. We examined the added
value of the continuous score, a threshold of <30 to rule out steatosis and a threshold of
>36 to rule in steatosis. The AST/ALT ratio is the ratio between AST and ALT. In the absence
of excessive alcohol use, a ratio >1 suggests a more advanced stage of NAFLD.(118) We
examined the added value of the continuous ratio and the threshold of 1.

Conform the predictors in the Framingham risk score, all markers were mean standardized
and all continuous markers were naturally logarithmically transformed.

Outcome assessment

Data on cardiovascular mortality was obtained through linkage with the municipal pop-
ulation registries. Causes of death were collected from ‘Statistics Netherlands’. Morbidity
data was obtained from the National Medical Registry (NMR), which keeps a standardized
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computerized register of discharge diagnoses coded according to the Ninth Revision
of the International Classification of Diseases (ICD-9). The NMR collected and checked
these data in the Hospital Discharge Diagnosis Database. This database was linked to the
EPIC-NL cohort based on information on the date of birth, sex, postal code, and general
practitioner with a validated probabilistic method.(119) CVD was defined according to
the definition used to develop the Framingham risk score and included coronary heart
disease, heart failure, cerebrovascular disease and peripheral artery disease (ICD-9 402,
410,411.89, 414.8, 413, 428, 430, 431, 432, 433, 434, 435, 436, 440-449). Follow-up
was complete until January 1, 2011. The first fatal or non-fatal CVD event in the first 10
years of follow-up after baseline was used as the endpoint in the analysis.

Statistical analysis

Baseline characteristics were expressed as mean (SD), or percentages. Mean imputation
stratified by case status was used for missing data in the original predictors. Participants
with missing smoking status were considered as non-smokers. The Framingham risk scores
for men and women were calibrated by adjustment for the mean levels of the risk factors
and the event rates.(120)

To account for the overrepresentation of cases in our study population, we used inverse
probability weighting to weight the participants according to their case-cohort sampling
probability.(121) For cases, the weights were set to 1, since all cases were sampled.
The non-cases in the sub-cohort were weighted to represent the non-cases in het full
cohort. Hereto, weights were calculated by the sampling fraction of the non-cases in the
sub-cohort.

Blood samples were missing in cases outside the sub-cohort with an event after 31
December 2005 or an event other than coronary heart disease, stroke or death. In addi-
tion, in some participants blood samples were missing due to an unsuccessful blood
draw or failed laboratory analysis. The participants with complete blood samples were
considered comparable with participants with missing blood samples. Therefore, partic-
ipants with complete blood samples were weighted to represent the full cohort. Due to
the weighted analysis, only proportions could be reported, not counts.

First, cox proportional hazards regression was used to build a prediction model for each
marker of hepatic steatosis by adding the marker to the Framingham risk score. Second,
we fitted a model by adding all markers of hepatic steatosis as continuous variables to the
Framingham risk score, and applied stepwise backward selection of statistically significant
variables (p< 0.05) on the markers forcing the predictors of the Framingham risk score
to be retained in the model.
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Third, the models were compared with the Framingham risk score in terms of discrimina-
tion and calibration. Discrimination of the models was expressed by Harrell’s c-statistics.
Calibration was expressed by the calibration slope and visualised by calibration curves.
The predicted cardiovascular risk was compared with the observed cardiovascular risk,
in deciles of the predicted risk. The observed risks were determined using Kaplan Meier
survival estimates.

Furthermore, the benefit for clinical practice was evaluated by measures of reclassification.
Participants without a CVD event who were censored before reaching the endpoint of 10
year were considered as having no event. The category-based net reclassification index
(NRI) indicates the percentage of correct shifting across risk categories for those with
and without an event.(122) We calculated a three-category NRI where the risk categories
represented a 10-year CVD risk of <10%, 10-19% and > 20%. Correct shifting is an
upward shift after adding new markers in those with an event and a downward shift in
those without an event. We have visualised the reclassification in a reclassification graph.
The improvement in net benefit (ANB) represents the net improvement of true positives
calculated by (Atrue positives — weight * A false positves ) / number of subjects, where the
weight is the odds of the decision threshold. The ANB was calculated for the treatment
thresholds of a 10-year CVD risk of 20%. In this analysis we excluded the cases outside
the sub-cohort to be able to calculate with absolute numbers instead of percentages.
Persons with an excessive alcohol consumption are usually excluded in the definition of
NAFLD. Therefore, we repeated the analyses after exclusion of participants with an alco-
hol intake of more than 20 grams per day. We also repeated all analyses after exclusion
of participants without a CVD event who were censored before reaching 10 years of
follow-up in the analysis on reclassification.

We investigated the robustness of our results by examining the added value of the markers
of hepatic steatosis in a second cardiovascular risk prediction system, the Pooled Cohort
Equations.(123) The Pooled Cohort Equations is used to estimate the 10-year CVD risk for
men and women separately. This model includes the same risk factors as the Framingham
risk score. In this model, CVD was defined as a nonfatal myocardial infarction, coronary
heart disease death or a fatal or nonfatal stroke (ICD 410, 430-434). According to the
guideline, the risk estimates were categorized into a low, intermediate and high risk,
corresponding to a 10-year risk of <5%, 5-7.5%, and >7,5%, respectively.(123)

For all analyses, STATA statistical software (Statacorp, College Station, Texas, USA), version
12 was used.
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Results

The weighted baseline characteristics of the participants included in the analysis, stratified
by sex, are shown in Table 1.

Table 1 Baseline characteristics of the participants of the EPIC-NL cohort, stratified by sex

Men Women
Risk factors included in the Framingham risk score
Age (years) 46 (9) 53(9)
Treated SBP (mmHg) 140 (14) 140 (16)
Untreated SBP (mmHg) 126 (16) 127 (19)
Blood pressure lowering therapy (%) 6 2
Total cholesterol (mmol/L) 4.8(0.9) 4.9(0.9)
HDL cholesterol (mmol/L) 1.1(0.7) 1.3(0.5)
Smoking (% current) 38 27
Diabetes mellitus (%) 2 1
Markers of hepatic steatosis
ALT (U/L) 17 (8) 15 (8)
>45 U/L (%) 1 1
AST (U/L) 21(7) 19 (5)
>35 U/L (%) 3 1
GGT (U/L) 29 (22) 22 (19)
>50 U/L (%) 8 4
Fatty liver index 47 (28) 29 (24)
<30 - rule out hepatic steatosis (%) 33 64
30-60 (%) 32 21
>60 - rule in hepatic steatosis (%) 35 15
Hepatic steatosis index 33(7) 34 (5)
<30 - rule out hepatic steatosis (%) 28 20
30-36 (%) 51 52
>36 - rule in hepatic steatosis (%) 21 29
AST/ALT ratio 1.4(0.4) 1.4(0.4)
>1 - rule in advanced disease 86 89

Data are expressed as mean (SD) or %

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-glutamyl transfer-
ase; HDL, high-density lipoprotein; SBP, systolic blood pressure

@ Results are based on weighted analyses and therefore represent the total cohort
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Cardiovascular risk prediction in men

Our study population comprised of 23% men, with a mean age of 46 (9) years at base-
line. After calibration of the original Framingham risk score, 74% of the men had a low
estimated CVD risk, 21% an intermediate risk and 6% a high risk of CVD. The C-statistic
of the calibrated Framingham risk score for men was 0.72 (95% Cl 0.69-0.75) and the
calibration slope was 0.86 (95% CI0.71-1.01). During 10 years of follow-up, a CVD event
occurred in 7% of the male participants.

None of the markers of hepatic steatosis was a predictor for cardiovascular disease when
they were added univariably to the calibrated Framingham risk score for men. Also after
adding all markers of hepatic steatosis simultaneously to the Framingham risk score and
applying backwards selection, none of the markers were retained in the model. (Table 2)

Cardiovascular risk prediction in women

Our study population comprised of 77% women, with a mean age of 53 (9) years at base-
line. After calibration of the original Framingham risk score, 87% of the women had a low
estimated CVD risk, 11% an intermediate risk and 2% a high risk of CVD. The C-statistic
of the calibrated Framingham risk score for women was 0.71 (95% Cl 0.69-0.73) and
the calibration slope was 0.95 (95% Cl 0.84-1.05). During 10 years of follow-up, a CVD
event occurred in 5% of the female participants.

The following markers were a predictor when they were added to the calibrated Framingham
risk score for women: GGT, ALT, fatty liver index, fatty liver index to rule out hepatic steato-
sis, AST/ALT ratio or AST/ALT ratio >1. (Table 2) Measures of discrimination, calibration and
clinical benefit are shown in Table 3. The C-statistic of these models ranged between 0.71
and 0.72 and the calibration slope ranged between 0.91 and 1.05. Reclassification graphs
are visualised in Figure 1. The addition of GGT to the Framingham risk score had the larg-
est improvement in net benefit of 0.08 at the threshold of 20%. After adding all markers
of hepatic steatosis simultaneously to the Framingham risk score and applying backwards
selection, GGT and ALT were retained in the model. The C-statistic of this model was 0.72
and the calibration slope was 0.98. The improvement in net benefit of the addition of GGT
and ALT to the Framingham risk score at the threshold of 20% was 0.12.(Table 3, Figure 1)
Calibration curves of all models are shown in Supplemental figure 1 and density plots are
shown in Supplemental figure 2.
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Table 2 The cox proportional hazards model coefficients of the markers of hepatic steatosis when
added to the Framingham risk score in men participating in the EPIC-NL cohort

Markers added to the Framingham risk score? Coefficient
(95% Cl)
Single marker
ALT -0.14
(-0.55,0.28)
ALT >45 U/L 0.54
(-0.77;1.85)
AST -0.20
(-0.64;0.25)
AST >35 U/L -0.03
(-0.88;0.82)
GGT 0.00
(-0.31;0.32)
GGT >50 U/L 0.19
(-0.30;0.68)
Fatty liver index 0.02
(-0.20;0.23)
Fatty liver index to rule in hepatic steatosis -0.01
(-0.31;0.29)
Fatty liver index to rule out hepatic steatosis 0.03
(-0.31;0.37)
Hepatic steatosis index 0.03
(-0.97;1.03)
Hepatic steatosis index to rule in hepatic steatosis 0.18
(-0.16;0.51)
Hepatic steatosis index to rule out hepatic steatosis 0.17
(-0.19;0.52)
AST/ALT ratio 0.00
(-0.50;0.51)
AST/ALT ratio >1 0.11
(-0.30;0.53)

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; Cl, confidence interval; GGT,

gamma-glutamyl transferase

@ All markers were standardized and all the continuous markers were naturally logarithmically trans-
formed
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Sensitivity analyses

Of the study population, 34% of the men and 18% of the women reported alcohol intake
of more than 20 grams per day. Exclusion of these participants from the analysis did not
markedly change our results (data not shown).

Of the study population, 6% of the men and 4% of the women did not have a CVD event
and were censored before completing 10 years of follow-up. When these participants
were excluded from the analyses, there was no marked effect on our results (data not
shown).

Pooled Cohort Equations

In men, similar to adding the markers to the Framingham risk score, none of the markers
of hepatic steatosis improved the risk prediction when they were added to the calibrated
Pooled Cohort Equations, both one by one and all at once using backwards selection.

The C-statistic of the calibrated Pooled Cohort Equations for women was 0.73 and the
calibration slope was 0.96. The following markers were a predictor when added to the
calibrated Pooled Cohort Equations for women: ALT, AST, GGT, AST/ALT ratio or AST/ALT
ratio >1. Risk prediction did not improve when the fatty liver index was added to the
model. The C-statistic of the models ranged between 0.73 and 0.74 and the calibration
slope ranged between 0.96 and 1.02. After adding all markers of hepatic steatosis to the
Pooled Cohort Equations and applying backwards selection, ALT and GGT were retained
in the model. The C-statistic of this model was 0.72 and the calibration slope was 0.98.
Detailed information about the performance of the models is shown in Supplemental
table 1.
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Table 3 Cox proportional hazard model coefficients, discrimination, calibration and reclassification of
the addition of markers of hepatic steatosis to the Framingham risk score in women participating in
the EPIC-NL cohort

Markers added to the Framingham Coefficient Area under the Calibration
risk score? (95% Cl) curve (95% Cl) slope (95% Cl)
Single marker
ALT -0.51 0.71 1.05
(-0.77; -0.25) (0.69;0.73) (0.88;1.21)
ALT >45 U/L -0.18
(-1.07;0.71)
AST -0.23
(-0.65;0.20)
AST >35 U/L 0.58
(-0.26;1.41)
GGT 0.25 0.71 0.94
(0.06;0.44) (0.69;0.73) (0.82;1.05)
GGT >50 U/L 0.18
(-0.25;0.60)
Fatty liver index 0.10 0.71 0.92
(0.00;0.20) (0.69;0.73) (0.83;1.01)
Fatty liver index to rule in hepatic steatosis 0.06
(-0.15;0.28)
Fatty liver index to rule out hepatic steatosis -0.19 0.71 0.93
(-0.37; -0.02) (0.69;0.73) (0.87;0.98)
Hepatic steatosis index -0.26
(-0.92;0.40)
Hepatic steatosis index to rule in hepatic 0.08
steatosis (-0.10;0.26)
Hepatic steatosis index to rule out hepatic 0.30
steatosis (0.05;0.55) ®
AST/ALT ratio 0.82 0.72 1.04
(0.46;1.18) (0.70;0.74) (0.97;1.10)
AST/ALT ratio >1 0.64 0.72 1.04
(0.40,0.88) (0.70,0.74) (0.96;1.11)
Backward selection
ALT -0.86 0.72 0.98
(-1.17;-0.56) (0.70;0.74) (0.91;1.06)
GGT 0.57
(0.35;0.80)

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; Cl, confidence interval, GGT,
gamma-glutamyl transferase; NRI, net reclassification index
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Threshold 20%

Threshold 10% and 20%

NRI NRI A Net benefit NRI NRI
non-event (%) event (%) (%) non-event (%) event (%)
0 0 0.02 1 0
0 1 -0.03 -1 2
0 1 -0.05 -1 2
0 1 -0.05 -1 2
0 0 0 0 1
0 1 0.08 0 1
0 3 0.12 -1 7

2 All markers were standardized and all the continuous markers were naturally logarithmically transformed

® Hepatic steatosis index to rule out hepatic steatosis predicted cardiovascular disease in the opposite

direction than expected. Therefore, we did not evaluate the quality of this model
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Figure 1 Reclassification graphs for the addition of markers of hepatic steatosis to the Fram-
ingham risk score, for participants with and without a cardiovascular event. The threshold of
a 10-year risk of 20% is indicated with solid lines, the dashed line indicates no improvement.
Correct reclassification of participants without an event is indicated by smaller predicted
probabilities, the dots will lie below the diagonal line. Correct reclassification of participants with
an event is indicated by larger predicted probabilities, the dots will lie above the diagonal line.
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; GGT, gamma-glutamyl transferase
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F: AST/ALT ratio >1

Nonevents Events

80
!
80
!

60
!
AN

60
!
AN

20
J

20

0
!

Framingham risk score + marker (10-year risk)
40
1
°
Q
Framingham risk score + marker (10-year risk)
40

0

T T T

T T

o 4

20 40 60 80 0 20 40 60
Framingham risk score (10-year risk) Framingham risk score (10-year risk)

G: GGT, ALT

Nonevents Events

80
80
1

60

60
!
AN

20
20

Framingham risk score + marker (10-year risk)
40
1

Framingham risk score + marker (10-year risk)
40

0

1

0

T T T T T T T

20 40 60 80 0 20 40 60
Framingham risk score (10-year risk) Framingham risk score (10-year risk)

104



Markers of hepatic steatosis and cardiovascular risk prediction

Discussion

In this large prospective cohort study, the addition of markers of hepatic steatosis to the
established risk estimation systems Framingham risk score and Pooled Cohort Equations
slightly improved the prediction of 10-year CVD risk in women, but not in men. However,
this resulted in only a small improvement in discrimination, calibration and reclassification.

In a previous study, the AST/ALT ratio was a predictor of cardiovascular risk in men when
the ratio was added to the risk prediction systems Framingham risk score or QRISK, but
not in women.(51) However, the addition of the AST/ALT ratio did not improve discrimi-
nation. In contrast, in our study, the AST/ALT ratio was a predictor of cardiovascular risk
in women only, also without improvement in discrimination. These discrepant results
might be due to chance.

In contrast to our findings, a previous prospective study in 6,997 men stated that the
addition of GGT to the Framingham risk score may be useful to improve cardiovascular
risk prediction.(49) The C-statistic was significantly increased when GGT was added to
the model, though the improvement was very small (C-statistic increased from 0.725 to
0.729). No information about calibration or benefit for clinical practice was provided.
Another study in 6,969 men and women showed no improvement in discrimination and
reclassification when GGT was added to the risk factors in the Framingham risk score.(50)
In our study, the addition of GGT did not improve cardiovascular risk prediction in men
and we judged the improvement in women not clinically relevant.

A strength of this study is the large study population with a large number of CVD events
and the availability of information on all established risk factors and the markers of hepatic
steatosis. Another strength is that we investigated the added value of the markers in two
different established risk estimation systems, which allowed us to examine the robustness
of our findings.

A limitation of this study is the missing data, specifically missing blood samples. These
blood samples were missing in cases outside the sub-cohort with an event after 31
December 2005 or an event other than coronary heart disease or stroke or due to an
unsuccessful blood draw or failed laboratory analysis. The participants with complete
blood samples were representative of all participants, which allowed us to weight these
participants in the analysis to represent the full cohort.

Another limitation of this study is the absence of information about the reference stand-
ards of hepatic steatosis and fibrosis, proton magnetic resonance spectroscopy and liver
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biopsy. The markers of hepatic steatosis used in this study may be not accurate enough
to improve risk prediction. The serological markers of hepatic steatosis used in this study
are often not very sensitive and specific.(124) Moreover, the combination scores have an
AUC between 0.81 and 0.84.(117, 125) Other, more accurate, (bio)markers of hepatic
steatosis may have an added value in addition to the established risk factors. However,
these markers are currently not measured on a large scale.

Compared with the 1990s, when the participants of the EPIC-NL cohort were recruited,
the prevalence of NAFLD has doubled in the last years, in parallel with the increasing prev-
alence of obesity.(46) The predictive value of markers of hepatic steatosis may be different
in a population with a higher prevalence of NAFLD. Furthermore, our study population
was predominantly white. Therefore, our results need to be confirmed in other ethnicities.

Different pathophysiological pathways link NAFLD with CVD, including atherogenic dyslip-
idaemia and insulin resistance.(47) In most established risk estimation systems, cholesterol
concentrations are included as marker of dyslipidaemia and diabetes as marker for insulin
resistance.(28) As a result, markers of NAFLD may not have added value in addition to
the cholesterol concentrations and diabetes.

Interestingly, in our study, some of the markers were predictors of cardiovascular disease
in women, but not in men. It is often reported that the strength of cardiovascular risk
factors is different between men and women.(126) This emphasizes the importance of
making different models for men and women. However, due to source population of the
Prospect cohort, more women were included in this study. As a result, predictors with a
small effect size may be significant in women and not in men. Nevertheless, this will not
change our conclusion that none of the markers of hepatic steatosis showed a clinically
meaningful improvement in the prediction of CVD, since predictors with a small effect
will probably not affect clinical care.

In conclusion, our findings suggest that indirect and easily accessible markers of hepatic
steatosis do not improve cardiovascular risk prediction in addition to the established
cardiovascular risk factors. Future research is needed to examine the added predictive
value of other markers of hepatic steatosis and also of markers of NASH and advanced
fibrosis or cirrhosis.
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Supplemental table 1 The cox proportional hazards model coefficients of the markers of hepatic
steatosis when added to the Pooled Cohort Equations in men participating in the EPIC-NL cohort

Markers added to the Pooled Cohort Equations? Coefficient
(95% Cl)
Single marker
ALT -0.19
(-0.70;0.32)
ALT >45 U/L -1.09
(-3.48;1.29)
AST -0.19
(-0.77;0.40)
AST >35 U/L 0.02
(-1.10;1.13)
GGT -0.27
(-0.70;0.16)
GGT >50 U/L -0.19
(-0.83;0.45)
Fatty liver index -0.16
(-0.44;0.11)
Fatty liver index to rule in hepatic steatosis -0.26
(-0.64;0.13)
Fatty liver index to rule out hepatic steatosis 0.07
(-0.40;0.53)
Hepatic steatosis index -0.89
(-2.31,0.54)
Hepatic steatosis index to rule in hepatic steatosis -0.01
(-0.44,0.43)
Hepatic steatosis index to rule out hepatic steatosis 0.24
(-0.21;0.70)
AST/ALT ratio 0.1
(-0.56;0.78)
AST/ALT ratio >1 0.17
(-0.34,0.68)

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; Cl, confidence interval; GGT,

gamma-glutamyl transferase

@ All markers were standardized and all the continuous markers were naturally logarithmically trans-
formed
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Supplemental table 2 Cox proportional hazard coefficients, discrimination, calibration and
reclassification of the addition of markers of hepatic steatosis to the Pooled Cohort Equations in
women participating in the EPIC-NL cohort

Markers added to the Pooled Cohort Coefficient Area under the Calibration
Equations? (95% Cl) curve (95% Cl) slope (95% Cl)
Single marker
ALT -0.59 0.73 1.02
(-0.93;-0.25) (0.70;0.75) (0.83;1.21)
ALT >45 U/L -0.87
(-2.38;0.64)
AST -0.61 0.73 0.98
(-1.15;-0.06) (0.70;0.75) (0.81;1.15)
AST >35 U/L -0.31
(-1.48;0.86)
GGT 0.30 0.73 0.96
(0.05;0.54) (0.70;0.75) (0.76;1.16)
GGT >50 U/L 0.29
(-0.22;0.79)
Fatty liver index 0.08
(-0.05;0.21)
Fatty liver index to rule in hepatic steatosis 0.15
(-0.12;0.43)
Fatty liver index to rule out hepatic steatosis -0.20
(-0.42;0.03)
Hepatic steatosis index -0.40
(-1.27;0.47)
Hepatic steatosis index to rule in hepatic 0.10
steatosis (-0.13;0.34)
Hepatic steatosis index to rule out hepatic 0.38
steatosis (0.07,0.69)°
AST/ALT ratio 0.69 0.73 0.98
(0.21;1.16) (0.70;0.75) (0.82;1.14)
AST/ALT ratio >1 0.54 0.73 0.98
(0.23;0.86) (0.70;0.75) (0.83;1.14)
Backward selection
ALT -1.00 0.74 1.00
(-1.38;-0.61) (0.71;0.76) (0.84;1.15)
GGT 0.68
(0.38;0.97)

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; Cl, confidence interval, GGT,
gamma-glutamyl transferase; NRI, net reclassification index
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Threshold 7.5%

Threshold 5% and 7.5%

NRI NRI A Net benefit NRI NRI
non-event (%) event (%) (%) non-event (%) event (%)

0 0 0 0 -4

0 -4 0 0 -7

0 7 0.11 -1 14

-1 0 0 0 -7

-1 0 0 0 -7

-1 4 0.02 -1 0

2 All markers were standardized and all the continuous markers were naturally logarithmically transformed
® Hepatic steatosis index to rule out hepatic steatosis predicted cardiovascular disease in the opposite
direction than expected. Therefore, we did not evaluate the quality of this model

109



Chapter 6

Supplemental figure 1 Calibration curves of the Framingham risk score + markers of hepatic steatosis
based on the predicted and observed cardiovascular risk, in deciles of the predicted risk. The solid line
represents the calibration slope. The dashed line represents the ideal prediction.

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CVD, cardiovascular disease; GGT,
gamma-glutamyl transferase
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C: Fatty liver index
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E: AST/ALT ratio
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G: GGT, ALT
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Supplemental figure 2 Density plots of the predicted 10-year cardiovascular risk, for participants with
and without a cardiovascular event. The solid line represents the calibrated Framingham risk score. The
dashed line represents the Framingham risk score + markers of hepatic steatosis.

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CVD, cardiovascular disease; GGT,
gamma-glutamyl transferase
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E: AST/ALT ratio
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General Discussion

The main objective of this thesis was to improve cardiovascular risk assessment in pri-
mary care. Hereto, we studied two important aspects in the design of cohort studies on
cardiovascular disease; case definition and the disclosure of research test results. In addi-
tion, we investigated the identification of patients for cardiovascular risk assessment and
the assessment of an individual’s risk. In this chapter, we first discuss the main findings
and the methodological considerations of this thesis. Second, we discuss per topic the
findings, the implications and the directions for further research. Finally, we present our
conclusions based on this thesis.

Summary of main findings

Chapter 2 provides evidence that coded diagnosis from general practice electronic health
records are a feasible and valid alternative to self-report to define diabetes cases in
epidemiological studies. Based on the results of focus group discussions with research par-
ticipants confronted with an incidental finding, as described in Chapter 3, we concluded
that a detailed study protocol is needed on the disclosure of incidental findings before
recruitment of participants. We gave several recommendations to improve the disclosure
of incidental findings. Our findings in Chapter 4 suggest that it is important to inform
the general practitioner and the research participants about the individual cardiovascular
test results. Only participants with an estimated intermediate of high cardiovascular risk
should receive a recommendation to consult their general practitioner. In Chapter 5,
we concluded that inviting patients with overweight or obesity for cardiovascular risk
assessment can help to identify a substantial additional group of patients at increased
cardiovascular risk. In Chapter 6, we did not find evidence that cardiovascular risk assess-
ment can be improved when non-invasive markers of hepatic steatosis are added to an
established risk estimation system.
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Methodological considerations

Before we are able to address the implications of the findings presented in the various
chapters of this thesis, it is important to discuss factors which may affect the validity of
the results.

The cohort studies used in this these are both conducted in the Netherlands, which
may have consequences for the generalizability of the results to other countries. In the
Netherlands, primary care is strong and general practitioners have broad service profiles.
(127) General practitioners have a gatekeeping function to hospital and specialist care.
However, the Dutch general practitioners are less actively involved in systematic screening
of blood pressure and cholesterol when compared to other European countries.(128).
So, the Dutch patients in our study population may benefit more from improvement of
cardiovascular risk assessment than patients in other European countries.

The Netherlands Epidemiology of Obesity (NEO) study, on which we based the majority
of our studies, is a population-based cohort study with an oversampling of persons with
a body mass index > 27 kg/m2. However, in the municipality Leiderdorp, persons were
invited irrespective of their body mass index. The body mass index distribution of these
Leiderdorp participants was comparable to the Dutch general population.(52) This allowed
us, in Chapter 4 and 5, to weight the participants towards the body mass index distribu-
tion of the participants of the municipality Leiderdorp. With these adjustments, the results
can be translated to the general population with a normal distribution of body mass index.
Another factor which may influence the external validity is that the participants in the
used cohort studies are predominantly white. This may limit the generalisability of the
conclusion in most chapters. Previous research on the ethnic differences in cardiovascular
disease reported variation in cardiovascular disease rates and strength of the cardiovas-
cular risk factors.(129) Risk estimation systems, however, perform well in other ethnic
groups after recalibration.(130)

In this thesis, we used data from two population-based cohort studies, the NEO study
and the European Prospective Investigation into Cancer and Nutrition-Netherlands study
(EPIC-NL). In these cohort studies, participants were recruited from the general popula-
tion. Participants of population-based cohort studies tend to be higher educated, more
health-conscious and in better general health than the overall population.(131) EPIC-NL
showed that, after a median follow-up of 15 years, the mortality due to cardiovascular
disease was 30% lower than the general population.(132) Underrepresentation of persons
at increased cardiovascular risk is also reported in other cohorts.(133, 134) This healthy
volunteer effect may lead to difficulties in the translation of the findings from cohort
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studies to daily clinical care. One of the consequences is that absolute cardiovascular risks
are underestimated and contributions of the predictors in the risk estimation systems may
be underestimated.

In cohort studies, loss to follow-up occurs when researchers lose contact with some par-
ticipants. Loss to follow-up can threaten the validity of the results when participants lost
to follow-up are different to those not lost to follow-up.(135) In Chapter 2 and Chapter
6, data on disease outcomes were missing in less than 5% of all participants. In most
cohort studies some loss to follow-up is considered to be inevitable, and 5% is considered
to be of little concern.(136) In Chapter 5, we experienced a high rate of non-response,
almost 20% of the participants did not respond to a questionnaire in the follow-up.
The responders had a slightly better cardiovascular risk profile than the non-responders.
We do not expect that this has changed the conclusions from our study based on the
questionnaire: that some participants are worried due to abnormal test results and not
all participants with an abnormal test result consult a general practitioner.

In EPIC-NL, on which we based our study presented in Chapter 6, follow-up data on car-
diovascular disease was obtained through linkage with disease registries. In a sub sample
of the EPIC-NL cohort, the validity of the incidence rates estimated using those disease
registries was investigated.(137) A considerable part of the coronary heart disease events
in medical records coded by trained registrars were not found in the disease registries. As
a consequence, the incidence of cardiovascular disease in the disease registries may be
underestimated, which may have led to biased effect estimates in Chapter 6.

Qualitative research usually aims to reflect diversity, rather than generalisability. However,
the impact of the research to clinical practice depends on the degree to which the results
of the research can be transferred to other contexts.(138) In Chapter 3, we provided a
detailed description of the context of the NEO study which readers can use to determine
the transferability to their specific context. For example, the participants were confronted
with an incidental finding on MRI. The experiences and preferences of participants con-
fronted with genetic information may be different.
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Data from general practice electronic health records

Health information from general practice electronic health records is increasingly re-used
for conducting research.(75) In Chapter 2, we showed that data extraction from general
practice electronic health records is feasible. Almost all participants gave informed consent
for the collection of medical information and the follow-up rate was high, health infor-
mation was obtained from 97% of the participants. However, the extraction of the data
was time consuming and expensive. Therefore, in many countries, an infrastructure for
data-sharing is implemented in general practices to develop a research data warehouse.
(76) A research data warehouse will make the use of data from general practice electronic
health records even more feasible.

An advantage of the data from electronic health records for researchers is that all infor-
mation that is considered relevant for patient care in clinical practice is included in these
electronic health records. In addition, complaints and disease are coded in the electronic
health records using the International Classification of Primary Care (ICPC) and prescrip-
tions are often registered according to the Anatomical Therapeutic Chemical (ATC) codes.
(21, 66) The information in these records is, however, not collected in a standardized
way, it is restricted by the individual nature of the consultations. This means that first, the
patient has to decide to visit the general practitioner and mention a complaint and second,
the general practitioner has to decide to register and code the symptom and/or disease
the patient presents. The re-user of coded information cannot be sure that symptoms or
diseases not mentioned in the database, indeed are not present.

For researchers, completeness and accuracy of the data is of great importance. Therefore,
it is crucial to check the quality of the data from general practice electronic health records
for case definition in epidemiological studies. In Chapter 2, we showed that ICPC-coded
diagnoses of DM had an excellent agreement of 99% with the reference standard using
diagnoses, prescriptions and consultation notes. In future research studies, ICPC-coded
diagnoses of DM are a feasible and valid alternative to self-reported DM. Other studies
suggest that the ICPC-coded diagnoses from general practice electronic health record
are also valid for the diagnosis inflammatory arthritis, acute myocardial infarction, and
oncologic diagnoses.(139-141) Though, the validity is higher when a combination is used
of coded diagnoses, prescriptions, keywords and results of diagnostic tests. In addition, a
systematic review investigated the validity of diagnoses in the General Practice Research
Database containing general practice electronic health record from the United Kingdom.
The investigators reported that overall 89% of all diagnoses were confirmed.(142) How-
ever, as mentioned above, it is not always clear how many diagnosis are being missed in
re-use of routine health care data.
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Electronic health record datasets contain a substantial amount of potentially missing infor-
mation. There are three main reasons why data on a disease is missing: a person doesn’t
have the disease, the general practitioner did not document the diagnosis of the disease
or the presence of a disease was not investigated.(143) Moreover, diseases with difficult
or vague diagnostic criteria and diseases with nonspecific or no alarming symptoms are
probably the least reliable coded diagnoses. Common practice in research is to assume
that a disease is not present when data is missing. Misclassification of persons with a
disease as not having the disease can lead to loss of power and bias.(19) In our study
described in Chapter 2, the negative predictive value of ICPC-coded diagnoses DM was
very high, more than 99%. Therefore in future studies, all persons without an ICPC-coded
diagnosis DM could be considered as not being diagnosed with DM. More research is
needed to investigate the validity of other diseases and symptoms from general practice
electronic health records. Hereby, it is not only important to investigate to what extent
the coded diagnosis can be confirmed by a reference standard, but also to investigate
how many cases are being missed.
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Disclosure of test results in research

In large cohort studies, extensive medical examinations are performed to collect detailed
information on exposure, confounding factors and health outcomes. These procedures are
associated with several potential risks, including the risk of finding unexpected abnormal-
ities that are outside the purpose of the data collection. Consensus exists that incidental
findings of potential health importance have to be disclosed to the research participants.
(25) The experiences and preferences of participants confronted with an incidental find-
ing regarding the communication of such incidental finding by the research team are
described in Chapter 3. Overall, the participants were grateful for the disclosure of the
incidental finding. They had assumed that any finding would be disclosed, and this was
an important reason to participate in research. None regretted their informed consent to
be notified about incidental findings. Disclosure of the finding had great impact on the
lives of most participants. In addition, the research participants stated that they want to
be informed about an incidental finding as soon as possible. Difficulties with the transition
from research participant to patient were frequently mentioned.

Based on these results, three key recommendations can be made. First, researchers should
give clear information during the informed consent procedure about which findings will
be disclosed. The most effective method to improve informed consent procedures is
person-to-person interaction.(84) Second, before start of the research study, researchers
should make a detailed protocol to guarantee timely disclosure of the finding. Hereto, the
responsibilities for the detection and disclosure should be assigned to specific specialists.
And third, arrangements should be made with the medical specialists involved in the
follow-up of an incidental finding to improve the transition from research participant to
patient. Hereto, the medical specialists involved in the follow-up of an incidental finding
need to be informed about the research study by regular updates, and when the follow-up
of a specific participant is planned.

The term incidental finding suggests that the finding is unforeseen. However, incidental find-
ings can no longer be considered fully unexpected. Incidental findings are frequently detected
during research procedures, due to improvements in imaging techniques and developments in
genetic research. In research projects using brain magnetic resonance imaging, for example,
the overall prevalence of incidental findings is 2.7%,(77) in genetic research using exome
sequence data 8.8% incidental findings have been found,(144) and in projects using whole-
body MRI a prevalence of 32% has been reported(78). In addition, the issue of incidental
findings in research has received increasing attention in literature recent years. Therefore,
researchers should anticipate on incidental findings by making a detailed protocol for the
communication of incidental findings to the participants of their research study.
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Besides the disclosure of incidental findings with potential health importance, research
studies often disclose test results with relevance for clinical care. For example, participants
of the NEO study received a letter after their baseline visit with the results of tests on blood
pressure, serum cholesterol concentrations, fasting or non-fasting plasma glucose, renal
function, lung function, and bone mineral density. Results of blood pressure measure-
ments and cholesterol concentrations have potential implications for cardiovascular risk
management in general practice. Therefore, we examined in Chapter 4 the advantages
and disadvantages of the disclosure of these individual test results. The participants were
recommended to consult their general practitioner based on one abnormal result of
blood pressure or cholesterol. Half of the participants who received a recommendation
to consult their general practitioner did not have a treatment indication according to their
estimated 10-year cardiovascular risk and received this recommendation unnecessarily. In
addition, 10% of the participants were unnecessarily worried due to this recommenda-
tion. Our findings suggest that only participants at intermediate or high risk should receive
a recommendation to consult their general practitioner. This may reduce the burden of
unnecessarily entering into healthcare procedures and prevent participants from being
unnecessarily worried. Furthermore, we suggest that general practitioners should be
informed about all the results of cardiovascular risk factors of all participants, since it is
an opportunity for general practitioners to collect information about the cardiovascular
risk of their patients.

Currently, there are no regulations concerning the communication of individual research
results. As a result, research protocols on the communication of test results differ between
research projects. Research participants are often informed about aggregate research
results, but not about their individual test results. However, most participants are inter-
ested in receiving individual research results(145-148), which was also noted in the NEO
study, as described in Chapter 3. The main argument in favour of disclosure of individual
test results is that it promotes participants’ autonomy. Participants can use the information
of the test results to make medical, reproductive or lifestyle choices. The most frequent
concern about the disclosure of individual test results is the possibility that disclosure
may harm participants, such as distress and unnecessary entering health care. However,
previous studies suggest that these consequences are low.(149)

Consensus exist that test results with potential consequences for clinical care should be
disclosed.(22) The disclosure of incidental findings with potential serious consequences
and the disclosure of cardiovascular risk factors belong to this group of test results with
clinical significance. However, there is still debate whether researchers should disclose also
clinically insignificant results, such as genetic variants. To be able to make recommen-
dations on this topic, more research is needed to investigate the balance between the
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benefits and harms of disclosure. Furthermore, more research is needed on how research
results should be communicated. We suggest disclosure protocols in research projects
should be evaluated from the perspectives of the researchers, participants and health care
providers. A qualitative research design may help to explore this topic.
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Identification of patients for
cardiovascular risk assessment

In primary care, patients with a potential increased cardiovascular risk are invited for
the assessment of an individual’s cardiovascular risk. Based on this estimated risk, the
indication for preventive treatment is determined. Previous studies mainly focused on
the development of a programmatic approach to determine which patients should be
invited for cardiovascular risk assessment.(37-39) A recent Cochrane review concluded
that programmatic cardiovascular risk assessment has no effect on cardiovascular events
compared with ad hoc case-finding.(150) However, five ongoing trials were identified
which will further explore the potential effect of programmatic risk assessment. Until the
results from these trials are reported, general practitioners may use other approaches to
identify patients at increased cardiovascular risk. In this thesis, we examined two possible
approaches.

In Chapter 4, we suggest that general practitioners should be informed about all results
of cardiovascular risk factor screening outside primary care. We observed that a quarter
of the participants in the NEO study with an abnormal result of blood pressure or choles-
terol did not consult their general practitioner, half of whom had a treatment indication.
These patients with a potential increased cardiovascular risk are not identified despite the
abnormal test results. In addition, normal test results are also of great value to the general
practitioner. Patients with a presumed low cardiovascular risk based on the test results do
not have to be invited for cardiovascular risk assessment for the time being. At the same
time, general practitioners can focus cardiovascular risk assessment on patients with a
presumed intermediate or high risk based on the test results, and on patients without
information on cardiovascular risk factors.

Cardiovascular risk factors are not only measured for research purposes, but also in occu-
pational health, in pharmacies or during health check-ups at private companies.(43-45)
Efficient use of all available test results can help general practitioners to identify patients
atincreased cardiovascular risk. Therefore, we suggest that general practitioners should be
informed about all results of screening outside primary care. More collaboration is needed
between general practitioners and organisations outside primary care to improve the use
of all available information which may be relevant for disease-management.

In Chapter 5, we observed that a quarter of the persons with an indication for pre-
ventive cardiovascular treatment were not yet identified and treated. To identify those
patients, we hypothesised that general practitioners could invite patients with overweight
or obesity for cardiovascular risk assessment during a regular consultation for other rea-
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sons, so-called ad hoc case-finding. This is an important subgroup to identify because
overweight is associated with the risk factors used in the risk estimation system and is
easy to obtain. In our study, 12% of the persons with overweight had a new treatment
indication and 19% of the persons with obesity had a new treatment indication. Our
results indicated that inviting all patients with overweight or obesity for cardiovascular
risk assessment will help to detect 70% of the patients with a new treatment indication.
These patients with overweight can be visually identified by general practitioners based
on their perception of the patient’s weight status.

These two approaches to identify patients at increased cardiovascular risk in primary care
are based on results of observational research in cohort studies. In daily clinical practice,
it may be difficult to invite patients for cardiovascular risk assessment during regular
consultation or to make arrangements with organisations outside primary care about
cardiovascular risk factor screening. However, these approaches have the potential to
identify patients at increased cardiovascular risk, especially in general practices without
programmatic cardiometabolic screening. It is important to note that, although we have
focused on the identification of patients with a treatment indication, life style advices are
at least as important in the prevention of cardiovascular disease.(151)
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Cardiovascular risk assessment

In clinical practice, risk estimation systems are used to calculate an individual’s 10-year risk
of cardiovascular disease. However, the established cardiovascular risk prediction systems
do not optimally predict an individual's risk.(28) Risk prediction may be improved by adding
information about novel risk factors to these risk estimation systems. We hypothesised that
hepatic steatosis is a potential risk factor, because it is increasingly prevalent worldwide and
is associated with a 64% increased cardiovascular risk.(46, 48) In Chapter 6 we concluded
that some non-invasive markers of hepatic steatosis were predictors of cardiovascular dis-
ease when added to the Framingham risk score or the Pooled Cohort Equations in women,
but not in men. However, the addition of these markers did not result in a clinically mean-
ingful improvement in discrimination, calibration and reclassification.

Cardiovascular risk assessment by estimating an individual’s 10-year risk is implemented in
many guidelines on the prevention of cardiovascular disease. However, only three studies
investigated the effect of cardiovascular risk assessment on the prevention of cardiovas-
cular events.(152) These studies provided low quality evidence that cardiovascular risk
assessment has no or little effect on cardiovascular events compared with usual care.
Currently, the INTEGRATE study investigates the effectiveness and cost-effectiveness of
the Dutch guideline Prevention Consultation, a cardiometabolic online risk assessment
and treatment program.(153) This may provide evidence for systematic identification of
patients at increased risk, risk assessment and treatment according to the estimated risk.
In current literature, the ideal design of a risk estimation system is debated. Age is
undoubtedly the most powerful risk factor in the established risk estimation systems.
The area under the receiver operating curve for age and sex alone is 0.75.(154) When
the other traditional risk factors are added to the risk prediction model, the area under
the curve only slightly increases to 0.80. This raises the question whether cardiovascular
risk estimation systems mainly predict the increasing risk of cardiovascular disease with
increasing age, which is unavoidable. It is suggested that, besides the ageing-associated
risk of cardiovascular disease which affects everyone, age also reflects the length of
exposure to other cardiovascular risk factors.(155) Patients with an optimal cardiovascular
risk profile at 50 years of age have a substantially lower lifetime risk of cardiovascular
disease than participants with two or more traditional risk factors.(156) This suggests
that the prevention of the development of risk factors should be promoted in younger
individuals. In addition, patients may benefit more from early reduction of the modifiable
cardiovascular risk factors.(155)

Current cardiovascular risk management, however, estimates 10-year cardiovascular dis-
ease risk for individuals of 40 years and older. This relatively short-term risk approach
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neglects the negative effects of the presence of risk factors in younger patients. Estimat-
ing long-term risk or lifetime risk in addition to current cardiovascular risk management
may identify patients with a low or intermediate short-term risk but high long-term risk.
More research is needed to investigate the advantages and disadvantages of long-term
risk assessment. Notably, the risk of overdiagnosis, overtreatment and medicalisation are
topics which needed to be addressed.

132



General Discussion

Conclusions

This thesis provides additional evidence that general practice electronic health records are
a feasible method for case definition in epidemiological studies. Coded diagnosis of dia-
betes from these records are a valid alternative to self-reported diabetes. This thesis gives
recommendations to improve the disclosure of research test results. A detailed protocol is
needed on the disclosure of individual test results in research studies before recruitment
of participants. Furthermore, this thesis gives suggestions to improve the identification of
patients at increased cardiovascular risk in primary care. Inviting patients with overweight
or obesity for cardiovascular risk assessment can help to identify a substantial additional
group of patients at increased cardiovascular risk and collaboration with organisations
outside primary care may help general practitioners to obtain information about car-
diovascular risk factors. In this thesis, we did not find evidence that cardiovascular risk
assessment can be improved when non-invasive markers of hepatic steatosis are added
to an established risk estimation system. In conclusion, this thesis leads to improvement
of data collection in research and proposed approaches to improve cardiovascular risk
assessment in primary care.
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Samenvatting (Summary in Dutch)

NEDERLANDSE SAMENVATTING

Hart- en vaatziekten zijn wereldwijd de belangrijkste doodsoorzaak. In 2015 overleden er
in Nederland bijna 40 duizend mensen ten gevolge van hart- en vaatziekten. Hiernaast
leven er in Nederland ongeveer 1 miljoen mensen met een hartziekte, hartfalen of met de
gevolgen van een beroerte. Meer dan 75% van de sterfte aan hart- en vaatziekten wordt
veroorzaakt door een combinatie van de risicofactoren verhoogde bloeddruk, verhoogd
cholesterol, suikerziekte, obesitas en roken. Het risico op hart- en vaatziekten wordt
verminderd wanneer deze risicofactoren worden teruggedrongen door middel van een
verandering in leefstijl of behandeling met medicatie. Hoewel de sterfte aan hart- en
vaatziekten de afgelopen 30 jaar is gedaald met wel ruim 70%, is het belangrijk om het
risico op hart- en vaatziekten verder terug te dringen.

Het terugdringen van het risico op hart- en vaatziekten vindt voor een groot deel plaats in
de huisartsenpraktijk. Patiénten met een mogelijk verhoogd risico op hart- en vaatziekten
worden door de huisarts uitgenodigd voor het opstellen van een persoonlijk risicoprofiel.
Hiervoor worden alle belangrijke risicofactoren voor hart- en vaatziekten in kaart gebracht
en wordt het risico ingeschat om de komende tien jaar hart- en vaatziekten te krijgen. Op
basis van het geschatte risico wordt bepaald of er een indicatie is voor behandeling met
bloeddruk- of cholesterolverlagende middelen. Het uitnodigen van de juiste patiénten
voor het opstellen van een risicoprofiel blijft echter een uitdaging en het inschatten van
het risico op hart- en vaatziekten is nog niet optimaal.

Het doel van het in dit proefschrift beschreven onderzoek was om huisartsen handvat-
ten te bieden om het risico op hart- en vaatziekten van hun patiénten beter in kaart te
brengen en hiermee ziekte en sterfte als gevolg van hart- en vaatziekten verder terug te
dringen. Hiervoor onderzochten we verschillende strategieén om het opstellen van het
risicoprofiel te verbeteren. Aan de ene kant door patiénten met een mogelijk verhoogd
risico op hart- en vaatziekten waarbij een risicoprofiel opgesteld zou moeten worden
beter te ontdekken. En aan de andere kant door het verbeteren van het risicoprofiel zelf.

Om uit te zoeken welke patiéntgroepen een verhoogd risico hebben op hart- en vaat-
ziekten is goed wetenschappelijk onderzoek nodig. Daarom hebben we in dit proefschrift
eerst twee aspecten onderzocht die van belang zijn bij het doen van wetenschappelijk
onderzoek, namelijk het verzamelen van medische gegevens van de deelnemers en het
delen van individuele onderzoeksresultaten met de deelnemers.

Gebruik van gegevens uit de huisartsinformatiesystemen
Van elke patiént worden bij de huisarts alle medische gegevens bewaard in een persoonlijk
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patiéntendossier, opgeslagen in een huisartsinformatiesystemen (HIS). De medische gege-
vens uit deze HISsen worden toenemend (her-)gebruikt voor wetenschappelijk onderzoek
en kwaliteitsbeleid. In Hoofdstuk 2 laten we zien dat het mogelijk is om voor dit herge-
bruik geschikte gegevens uit de HISsen te halen. Bijna alle deelnemers aan de Nederlandse
Epidemiologie van Obesitas (NEO) studie, een grote wetenschappelijke studie, gaven
toestemming om hun medische gegevens bij hun huisarts op te vragen. Uiteindelijk zijn
er van 97% van alle deelnemers medische gegevens uit de HISsen verzameld. Het ver-
zamelen en verwerken van de gegevens kostte echter veel tijd en geld. Op dit moment
wordt er in Nederland een infrastructuur ontwikkeld die zorgt voor betere toegang tot
de gegevens uit de HISsen.

Ook laten we in Hoofdstuk 2 zien dat we patiénten met suikerziekte goed kunnen identi-
ficeren in de HISsen. Onderzoekers kunnen daarom de gegevens uit de HISsen gebruiken
voor onderzoek naar suikerziekte. Ook voor andere diagnosen en symptomen moet in
de toekomst onderzocht worden hoe de gegevens uit de HISsen het beste bruikbaar zijn
om patiéntgroepen te identificeren.

Terugrapportage van onderzoeksresultaten in wetenschappelijk onderzoek

In grote wetenschappelijke studies worden veel medische gegevens verzameld van de
deelnemers. Een ‘bijwerking’ hiervan is dat er onverwachte afwijkingen gevonden kunnen
worden bij deze onderzoeken. Er is overeenstemming in de literatuur dat afwijkingen
met mogelijk ernstige gevolgen moeten worden teruggerapporteerd aan de deelnemer.
In Hoofdstuk 3 staan de resultaten beschreven van groepsdiscussies met deelnemers die
zo'n onverwachte afwijking teruggerapporteerd hebben gekregen. In deze discussies
zijn de ervaringen en voorkeuren besproken rondom de communicatie vanuit het onder-
zoeksteam over de onverwachte afwijkingen. De deelnemers waren over het algemeen
dankbaar voor de terugrapportage van de afwijking. Wel hadden ze verwacht dat alle (niet
alleen de ernstige afwijkende) bevindingen teruggerapporteerd zouden worden, ondanks
dat dit anders naar de deelnemers was gecommuniceerd door het onderzoeksteam. Het
feit dat afwijkingen teruggerapporteerd zouden worden was een belangrijke reden om
deel te nemen aan het wetenschappelijk onderzoek. Niemand had spijt toestemming
gegeven te hebben voor terugrapportage van afwijkingen. Bij de meeste deelnemers had
de terugrapportage van een afwijking grote impact op hun leven. De deelnemers gaven
aan dat ze zo snel mogelijk geinformeerd zouden willen worden over een op deze manier
gevonden afwijking. Tijdens de groepsdiscussies werden vaak moeilijkheden genoemd
met de overgang van de rol van onderzoeksdeelnemer naar de rol van patiént.

Op basis van deze resultaten hebben wij drie aanbevelingen gedaan. Ten eerste moet
het informatiemateriaal over de studie heel duidelijk zijn in wat er wel en niet wordt
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teruggerapporteerd. Ten tweede moeten onderzoekers een gedetailleerd protocol maken
voordat het wetenschappelijk onderzoek begint, om zo tijdige terugrapportage van onver-
wachte afwijkingen te waarborgen. En ten derde moeten er afspraken gemaakt worden
met medische specialisten die betrokken zijn bij de behandeling en/of controles van een
bevinding, om zo de overgang van de rol van onderzoeksdeelnemer naar die van patiént
te verbeteren.

Naast de terugrapportage van bevindingen met mogelijk ernstige gevolgen, worden vaak
ook andere onderzoeksuitslagen teruggerapporteerd. Deze onderzoeksuitslagen kunnen
van belang zijn voor patiéntenzorg. Uitslagen van bloeddrukmetingen of cholesterol-
bepalingen kunnen mogelijk gebruikt worden in de huisartsenpraktijk om het risico op
hart- en vaatziekten in te schatten. In Hoofdstuk 4 onderzochten we de voor- en nadelen
van het delen van deze uitslagen met de deelnemers van de NEO studie. Alle deelnemers
kregen twee weken na deelname de uitslagen van onder andere de bloeddruk en de
cholesterolwaardes. Deelnemers met één afwijkende uitslag kregen hierbij het advies
om hun huisarts te consulteren. Van deze deelnemers had de helft geen indicatie voor
behandeling met bloeddruk- of cholesterolverlagende middelen. Hiernaast was 10% van
de deelnemers onnodig ongerust door dit advies. Deze resultaten suggereren dat al in
de terugrapportage alleen deelnemers met een mogelijke behandelindicatie het advies
zouden moeten krijgen om de huisarts te consulteren. Dit vermindert het aantal mensen
dat ‘onnodig’ zorg gebruikt en voorkomt dat patiénten onnodig ongerust worden over
de uitslagen. We stellen daarnaast voor dat de huisartsen wel geinformeerd zouden
moeten worden over alle uitslagen, omdat dat een aanleiding kan zijn om patiénten uit
te nodigen voor het opstellen van een risicoprofiel.

Identificatie van patiénten voor het opstellen van een risicoprofiel

In de huisartsenpraktijk worden patiénten met een mogelijk verhoogd risico op hart- en
vaatziekten uitgenodigd voor het opstellen van een persoonlijk risicoprofiel. Op basis van
het risicoprofiel wordt bepaald of er een indicatie is voor behandeling met bloeddruk of
cholesterolverlagende middelen. Eerdere wetenschappelijke studies hebben screenings-
programma’s ontwikkeld om te bepalen bij welke patiénten een risicoprofiel moet worden
opgesteld. Het is echter nog onduidelijk of deze screeningsprogramma’s ook een gunstig
effect hebben op de sterfte aan hart- en vaatziekten. Tot hierover meer duidelijkheid is,
kan de huisarts ook andere strategieen gebruiken om patiénten met een mogelijk ver-
hoogd risico op hart- en vaatziekten op te sporen. In dit proefschrift hebben we twee
strategieen onderzocht.

In Hoofdstuk 4 gaven we aan dat huisartsen geinformeerd zouden moeten worden over
alle uitslagen van bloeddrukmetingen en cholesterolbepalingen die buiten de huisartsen-
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praktijk worden gedaan. In ons onderzoek zagen we dat een kwart van de deelnemers
van de NEO studie met een afwijkende uitslag van bloeddruk of cholesterol de huisarts
niet consulteerde, ondanks het advies vanuit het onderzoeksteam. Van deze deelnemers
had de helft wel een indicatie om de bloeddruk of cholesterol te behandelen. Deze deel-
nemers zijn dus helaas niet in beeld gekomen bij hun huisarts. Maar ook niet-afwijkende
uitslagen zijn van belang voor de huisarts. Bij deze patiénten hoeft de huisarts voorlopig
geen risicoprofiel op te stellen. De huisarts kan zich in dat geval dus richten op patiénten
met mogelijk een indicatie voor behandeling en op patiénten waarvan er geen recent
risicoprofiel is.

Bloeddruk en cholesterol worden niet alleen gemeten in onderzoeksverband, maar ook
binnen de bedrijfsgeneeskunde, in apotheken en bij gezondheidschecks. Meer samenwer-
king is nodig tussen huisartsen en organisaties buiten de huisartsenpraktijk om zo meer
efficiént gebruik te maken van alle beschikbare gezondheidsgegevens.

In Hoofdstuk 5 zagen we dat een kwart van de mensen met een indicatie voor behan-
deling met bloeddrukverlagers of cholesterolverlagers nog niet werd behandeld. We
onderzochten in dit hoofdstuk in hoeverre huisartsen deze patiénten konden identificeren
als ze een risicoprofiel zouden opstellen bij alle patiénten met overgewicht of obesitas.
In dit onderzoek had 12% van de mensen met overgewicht een behandelindicatie en
19% van de mensen met obesitas had een behandelindicatie. Wanneer alle patiénten
met overgewicht of obesitas worden uitgenodigd voor het opstellen van een risicoprofiel,
wordt 70% van alle patiénten met een behandelindicatie ontdekt. Patiénten bij wie de
huisarts overgewicht of obesitas vermoedt kunnen worden uitgenodigd voor het opstellen
van een risicoprofiel als een patiént het spreekuur bezoekt voor een andere reden.

Het opstellen van een risicoprofiel

Bij het opstellen van een risicoprofiel in de huisartsenpraktijk wordt het risico geschat dat
iemand de komende tien jaar hart- en vaatziekten krijgt. De huidige schattingsmethoden
gebruiken informatie over de leeftijd, het geslacht, wel of niet roken, hoogte van de
bloeddruk, cholesterolwaardes en de aanwezigheid van suikerziekte om het risico in te
schatten. Deze schattingsmethoden zijn echter niet optimaal. Mogelijk kan de schatting
verbeterd worden wanneer er informatie wordt toegevoegd over andere risicofactoren.
In Hoofdstuk 6 hebben wij onderzocht of de schatting verbeterde wanneer we informatie
over leververvetting toevoegen aan de huidige schatting. Leververvetting komt wereld-
wijd steeds meer voor en de aanwezigheid van een vette lever verhoogt het risico op
hart- en vaatziekten met 64%. We concludeerden in dit hoofdstuk dat sommige markers
van leververvetting de schatting van het risico op hart- en vaatziekten verbeterden bij
vrouwen, maar niet bij mannen. Echter de door ons gevonden mate van verbetering
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van de schatting was niet relevant voor de dagelijkse praktijk. Ander wetenschappelijk
onderzoek moet uitwijzen of er mogelijk andere markers van leververvetting zijn die de
schatting wel verbeteren.

Conclusie

In dit proefschrift hebben we onderzocht hoe huisartsen het risico op hart- en vaatziek-
ten beter in kaart kunnen brengen. We lieten zien dat wetenschappelijk onderzoek naar
hart- en vaatziekten verbeterd kan worden door gebruik te maken van gegevens uit de
huisarts informatiesystemen en door het maken van protocollen waarin beschreven wordt
hoe individuele onderzoeksresultaten worden gedeeld met de deelnemers. Hiernaast
hebben we verschillende strategieén onderzocht om het opstellen van een risicoprofiel
voor hart- en vaatziekten te verbeteren. Huisartsen kunnen patiénten met overgewicht
of obesitas uitnodigen voor het opstellen van een risicoprofiel en kunnen gebruik maken
van gezondheidsgegevens die gemeten zijn buiten de huisartsenpraktijk. Het toevoegen
van markers van leververvetting aan het risicoprofiel leidde niet tot een verbetering van
de schatting van het risico op hart- en vaatziekten.
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Graag wil ik van de gelegenheid gebruik maken om even stil te staan bij iedereen die het
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Mede-AIOTHO's, wat doorlopen we toch een fantastisch traject. Collega HAIO's, we
hebben een mooi vak met veel uitdagingen en kansen. Opleiders binnen en buiten de
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