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Aims:  To  examine  the feasibility  and  validity  of  obtaining  International  Classification  of  Primary  Care
(ICPC)-coded  diagnoses  of  diabetes  mellitus  (DM)  from  general  practice  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  of  6671
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  and  self-reported
DM.
Results:  After  a  median  follow-up  of  1.8  years,  data  from  6442  (97%)  participants  were  collected.  With
the  reference  standard,  506  participants  (79/1000  person-years)  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).
Conclusions:  ICPC-coded  diagnoses  of DM  from  general  practice  electronic  health  records  are a  feasible
and  valid  alternative  to  self-reported  diagnoses  of  DM.

©  2020  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of Primary  Care  Diabetes  Europe.  This  is an
 artic
open  access

. Introduction

Accurate information on the exposure, confounding factors and
articipants’ health outcomes is crucial in epidemiological and clin-

cal research. Methods such as questionnaires, medical registries
nd interviews can be used to define the case status. Self-report is

 method that is often used for the definition of type 2 diabetes mel-
Please cite this article in press as: A.W. de Boer, et al., Coded diagnoses
valid alternative to self-report to define diabetes cases in research, Pr

itus (DM) cases in research [1–3]. Previous studies have reported a
igh agreement between self-reported diagnoses of DM and medi-
al records (kappa ranging between 0.71 and 0.92) [4–8]. However,
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the suboptimal response rate and the absence of the exact date of
diagnosis are disadvantages of self-reporting [9].

In the Netherlands, type 2 DM is mainly diagnosed and treated in
general practice. General practitioners (GPs) code health problems
in a patient’s electronic health record using the International Classi-
fication of Primary Care (ICPC) [10]. Therefore, an alternative source
to obtain information about diagnoses of DM is by asking the GP or
by linking with the general practice electronic health records. In
previous cohort studies, questionnaires were sent to GPs to obtain
information about the diagnoses of DM [3,11,12]. For example, in a
Dutch cohort study, two out of three ascertained DM cases (via self-
 from general practice electronic health records are a feasible and
im. Care Diab. (2020), https://doi.org/10.1016/j.pcd.2020.08.011

report, 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 [3]. Case definition using ICPC-
coded diagnoses from the general practice electronic health records
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ay  be even more accurate than a questionnaire among GPs. In
ddition, compared with self-reported diagnoses, using ICPC-coded
iagnoses from electronic health records easily provides the health

nformation of more participants, and more detailed information,
ike the exact date of diagnosis. Whereas there has been an increas-
ng number of studies using electronic medical records to collect
atient information [13], for information on diagnoses of disease
ommonly medical records from hospitals are used, using the Inter-
ational Classification of Diseases, Ninth Revision (ICD-9) codes.
owever, the feasibility and validity of the definition of DM cases
sing ICPC-coded diagnoses from electronic health records in pri-
ary care has not been investigated previously. It is unknown to
hat extent GPs code health problems accurately.

In this study, we examined the feasibility of obtaining ICPC-
oded diagnoses from the general practice electronic health
ecords. Next, we aimed to examine the validity of ICPC-coded
iagnoses of DM from electronic health records as an alternative
o self-reported DM in the Netherlands Epidemiology of Obesity
NEO) study, a prospective cohort study of 6671 persons aged 45–65
ears at baseline. To that extent, we compared the ICPC-coded
iagnoses of DM with the self-reported DM and with a reference
tandard based on all available information in the electronic health
ecords.

. Methods

.1. Study design and study population

The NEO study is a population-based prospective cohort study
f 6671 persons aged 45–65 years with an oversampling of par-
icipants with a body mass index (BMI) ≥ 27 kg/m2. Detailed
nformation about the study design and data collection has been
escribed elsewhere [14]. Participants with a self-reported BMI  ≥
7 kg/m2 were recruited between 2008 and 2012 from the greater
rea of Leiden in the Netherlands through GPs, municipal registers
nd advertisements. In one municipality (Leiderdorp), all inhab-
tants aged 45–65 years were invited irrespective of their BMI,
llowing for a reference distribution of BMI.

Prior to the baseline visit, participants completed a question-
aire at home including questions about demography, lifestyle and
linical information. The participants were asked to bring all medi-
ation they were using in the month preceding the study visit to the
EO study site. Names and dosages of all medication were recorded
y trained staff. During the baseline visit at the NEO study centre of
he Leiden University Medical Center (LUMC), participants under-
ent an extensive physical examination, including fasting blood

ampling. Plasma concentrations of glucose were determined in
he central clinical chemistry laboratory of the LUMC. Within two
eeks after the NEO study visit, the participants received a let-

er with several test results, including their fasting plasma glucose
oncentration and the upper limit of a normal fasting glucose con-
entration of 7 mmol/L. Body weight and height were measured
uring the study visit with a calibrated scale and a vertically fixed,
alibrated tape measure during the study visit. The trained staff
eported the height in cm,  body weight was rounded to 100 g and
ne kilogram was subtracted to correct for the weight of clothing.
MI  was calculated by dividing the weight (in kg) by the square of
he height (in metres).

Between April 2012 and November 2014, the GPs of the par-
icipants were contacted and visited to extract health information
rom the electronic health records of the participants. The data was
Please cite this article in press as: A.W. de Boer, et al., Coded diagnoses
valid alternative to self-report to define diabetes cases in research, Pr

xtracted from 2008 until the date of extraction including the ICPC-
oded lifetime medical history and merged into one database (GP
atabase). Detailed information of the methods of data extraction

rom electronic health records is provided in Appendix A.
 PRESS
iabetes xxx (2020) xxx–xxx

The study was  approved by the medical ethics committee of the
LUMC and all participants gave written informed consent for par-
ticipation in the study and for obtaining medical information from
their GP or medical specialists during follow-up of the study. All
researchers with access to GP information signed a confidentiality
agreement.

2.2. DM at baseline by self-report

Prevalent DM by self-report was defined as a self-reported med-
ical 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.

2.3. 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 [10]. 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.

2.4. 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 committee 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
B). The committee defined the reference standard of the diagno-
sis 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 indi-
cation 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 correctly coded, the
corresponding descriptions were screened for conflicting descrip-
tions. In the description of an ICPC-code, the general practitioners
describe the diagnosis in their own  words. 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-induced DM in the medical history was  classi-
fied as no diagnosis of DM.

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) [15]. Prescriptions
without an ATC code were screened by keywords of the various
types of glucose-lowering medication (Appendix C).
 from general practice electronic health records are a feasible and
im. Care Diab. (2020), https://doi.org/10.1016/j.pcd.2020.08.011

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’.

https://doi.org/10.1016/j.pcd.2020.08.011
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Table  1
Baseline characteristics of the participants of the Netherlands Epidemiology of Obe-
sity study, aged 45 to 65 years with an oversampling of body mass index ≥27 kg/m2

(n = 6671).

N Characteristics

Age (years) 6671 56 (6)
Sex (men) 6671 3156 (47)
Body mass index (kg/m2) 6671 30.1 (4.9)
Fasting plasma glucose (mmol/L) 6617 5.7 (1.1)
Self-reported diabetes 6654 459 (7)
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Table 2
Feasibility of data extraction from general practice electronic health records in the
Netherlands Epidemiology of Obesity study (n = 6671).

Informed consent to collect data, n (%) 6652 (>99)
Participants of whom data was obtained, n (%) 6442 (97)
Obtained unique ICPC-codes, n 1230
Time to extract dataa, hours 2850
Time to process datab, hours 2000
Costs to collect data, euro’s 148,800

Abbreviations: ICPC, International Classification of Primary Care.

Glucose-lowering therapy 6671 356 (5)

ata expressed as the mean (SD) or number (percentage).

hen a keyword was detected, the extracted data were read and
oded using a decision rule developed by the Diabetes adjudica-
ion committee to code the data consistently. When there was  a
trong indication for the diagnosis of DM,  the data was  coded as
M with the corresponding date. A strong indication was defined
s a written diagnosis of DM or DM consultations.

The index date was defined as the first date of an ICPC-coded
iagnosis, ICPC-coded consultation notes, prescription or strong

ndication for the diagnosis DM.  A diagnosis of DM according to the
eference standard with an index date before the date of the base-
ine visit was defined as prevalent DM.  A diagnosis of DM according
o the reference standard with an index date at or after the date of
he baseline visit was defined as incident DM.

.5. Statistical analysis

Baseline characteristics of the total population were expressed
s the mean (SD), or number (percentage). To examine the feasibil-
ty of data extraction from electronic health records, we calculated
he proportion of participants who gave informed consent to
xtract data and the proportion of participants for whom data was
btained. We also determined the time and costs related to the
xtraction of data from electronic health records.

We estimated the prevalence and incidence of DM for each case
efinition, as described above, while excluding those with miss-

ng data on self-reported DM or without health information from
he electronic health records. To evaluate the validity of the case
efinitions, we estimated sensitivity, specificity, positive predic-
ive value, negative predictive value, likelihood ratios and kappa
tatistics. The strength of the agreement was classified as almost
erfect for kappa values of more than 0.80 [16]. For prevalent diag-
osed DM,  we compared two case definitions with the reference
tandard, namely, self-report and ICPC-coded diagnoses. For inci-
ent diagnoses of DM,  we compared ICPC-coded diagnoses with
he reference standard.

For all analyses, STATA statistical software (Statacorp, College
tation, TX), version 14 was used.

. Results

In total, 6671 persons have been included in the NEO study
etween September 2008 and October 2012. The baseline charac-
eristics of the participants are shown in Table 1.

.1. Feasibility of data extraction from general practice electronic
ealth records

Of all participants, 6652 (99.7%) participants gave informed
onsent for the collection of medical information. Of these, 6622
Please cite this article in press as: A.W. de Boer, et al., Coded diagnoses
valid alternative to self-report to define diabetes cases in research, Pr

articipants reported the contact details of their current GP when
hey made the appointment for the baseline visit. Between April
012 and November 2014, 352 general practices received a letter
ith a request to extract data from electronic health records. In
a Contact with general practitioners, preparation of data extraction, travel to the
general practices, data extraction.

b Building a database, case definition.

264 general practices, data were extracted from twelve different
ICT systems. In addition, 52 general practices gave written infor-
mation about diagnoses and prescriptions. Of 180 participants, no
information was obtained due to non-response of the GP  (11 par-
ticipants 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 6442 (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 D 148,800 and the total time was
estimated at 4850 h (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 D. In total, 1230 different ICPC-codes (of a total of
∼1300 existing ICPC-codes) were registered in the obtained infor-
mation from the electronic health records; 742 diseases/disorders,
404 complaints/symptoms and 84 process codes (e.g., preventive
procedures, administration, referrals).

3.2. Prevalence of DM at baseline by self-report

Of the 6654 (>99%) participants who answered the questions
at baseline about a medical history of DM,  459 (7%) participants
reported to be diagnosed with DM type 1 or type 2. All partic-
ipants brought their medication to the study visit and 356 (5%)
participants were using glucose-lowering medication. Of the par-
ticipants 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.

3.3. Contribution of the separate criteria of the reference
standard for diagnosis of DM

According to the reference standard in the total population,
combining prevalent and incident DM,  586 participants had a ICPC-
coded diagnosis of DM.  Of these participants, one participant had
an incorrect ICPC-coded diagnosis of DM.  In addition to these 585
diagnoses, 39 participants had an ICPC-coded consultation note for
DM,  10 participants had a prescription of glucose-lowering medi-
cation and 3 participants a strong indication for the diagnosis of DM
by screening keywords. In total, 637 participants were defined as
having a diagnosis DM with the reference standard, of whom 506
prevalent and 131 incident DM.

3.4. Prevalence and incidence of DM according to the case
 from general practice electronic health records are a feasible and
im. Care Diab. (2020), https://doi.org/10.1016/j.pcd.2020.08.011

definitions

Table 3 shows the case status definitions of prevalent diag-
nosed DM according to each case definition, including the overlap

https://doi.org/10.1016/j.pcd.2020.08.011
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Table 3
Prevalent diabetes diagnosed according to the case definitions in 6671 participants of the Netherlands Epidemiology of Obesity study.

Self-report ICPC-coded diagnosis

No diabetes Diabetes Missing No diabetes Diabetes No data extraction

Reference standard
No diabetes 5893 31 12 5935 1 0
Diabetes 89 413 4 46 460 0
No  data extraction 212 16 1 0 0 229

ICPC-coded diagnosis
No diabetes 5919 50 12
Diabetes 63 394 4
No data extraction 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 population
(N)

Prevalent
diabetes cases
(N)

Prevalence (per
1000 persons)

Incident diabetes
cases (N)

Incidence rate
(per 1000
person-years)

Self-report 6654 460 69
ICPC-coded diagnoses 6442 461 72 125 11
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Reference standard 6442 506 

bbreviations: ICPC, International Classification of Primary Care.

etween the definitions. With self-report, 460 (69 per 1000) partic-
pants were defined as having prevalent diagnosed DM at baseline.

ith ICPC-coded diagnoses, 461 (72 per 1000) participants were
efined as having prevalent DM at baseline. With the reference
tandard, 506 (79 per 1000) participants were defined as having
revalent DM at baseline.

After excluding participants with prevalent ICPC-coded DM at
aseline, 5981 participants were at risk of DM.  During a total of
1,880 person-years of follow-up, 125 (21 per 1000) participants
ere defined as having incident DM,  giving an overall incidence

f 11 per 1000 person-years. With the reference standard, 5936
articipants were at risk of DM after excluding participants with
revalent DM at baseline. During a total of 11,777 person-years
f follow-up, 131 (22 per 1000) participants were defined as hav-

ng incident DM,  giving an overall incidence of DM of 11 per
000 person-years. Table 4 shows prevalent and incident DM cases
ccording to each case definition.

.5. Measures of agreement between the case definitions

All definitions of diagnosed DM showed an almost perfect agree-
ent (kappa > 0.8) with the reference standard (Table 5). For

revalent diagnosed DM,  the agreement between self-report and
he reference standard was 98% (kappa 0.86) and the agreement
etween ICPC-coded diagnoses and the reference standard was 99%
kappa 0.95). The agreement between self-report and ICPC-coded
iagnoses for prevalent diagnosed DM was 98% (kappa 0.87). Of
he 103 participants with self-reported DM who did not use glu-
ose lowering medication, 70 participants (68%) had an ICPC-coded
iagnosis for prevalent diagnosed DM.  For incident diagnosed DM,
he agreement between ICPC-coded diagnoses of incident DM and
he reference standard of incident DM was 99% (kappa 0.92).

. Discussion

In this study, we aimed to examine ICPC-coded diagnoses of DM
rom general practice electronic health records as an alternative to
elf-reported DM for the definition of case status in epidemiological
tudies. Both self-report and ICPC-coded diagnoses from electronic
Please cite this article in press as: A.W. de Boer, et al., Coded diagnoses
valid alternative to self-report to define diabetes cases in research, Pr

ealth records had an excellent agreement with the reference stan-
ard for the definition of DM diagnosis, using all information from
eneral practice electronic health records. Case definition with
nformation from general practice electronic health records pro-
79 131 11

vided 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 0.71–0.92 for self-reported
DM compared with diagnoses in hospital medical records [4–8].
We observed that the agreement between ICPC-coded diagnosis
and the reference standard was  highest, 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
general practice electronic health records of the majority of 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 stan-
dard, we  also compared the results with DM by self-report, one
of the most commonly used methods for DM diagnosis definitions
in epidemiological studies.

According to the World Health Organization DM is diagnosed
in case of a fasting plasma glucose ≥7.0 mmol/L on two different
occasions, a history of diabetes diagnosis, or use of insulin or oral
glucose-lowering medication [17,18]. However, how to obtain the
medical history of DM or the use of medication are not specified.
We used a reference standard developed by the Diabetes adjudi-
cation committee of the NEO study using all information from the
GP medical records, including diagnoses, consultation notes, and
prescriptions. We  assumed that the GP based the DM diagnosis on
the guidelines including laboratory tests, but we were not able to
include laboratory test results in the reference standard because
this information was  not completely available in the electronic
health records, or could not be extracted from certain GP systems.
Any extra detected cases based on laboratory results only would
have reduced the agreement between the case definitions.

Because DM type 2 is mainly diagnosed and treated in gen-
eral practice in the Netherlands, the reference standard reflects
the known diagnoses of DM in the general population. In contrast
 from general practice electronic health records are a feasible and
im. Care Diab. (2020), https://doi.org/10.1016/j.pcd.2020.08.011

to the known diagnoses from the GP data, we  were not able to
detect unknown and undiagnosed DM in our population with the
data collected in the NEO study, because the fasting plasma glu-
cose concentrations were only measured once at baseline, whereas

https://doi.org/10.1016/j.pcd.2020.08.011
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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 diagnosed diabetes Incident diagnosed diabetes

Self-report (n = 6426) ICPC-coded diagnoses (n = 6442) ICPC-coded diagnoses (n = 5935)

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 * 104) 5001 (704–3.6 * 104)
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Likelihood ratio of negative test 0.18 (0.15–0.22) 

bbreviations: ICPC, International Classification of Primary Care.

 new diagnosis of DM requires confirmatory symptoms or labora-
ory tests on another day [18]. Nevertheless, we  showed that using
CPC-coded diagnoses is a valid method for the case definition of
nown DM in the population.

We  acknowledge that including ICPC-codes in both the refer-
nce standard and the ICPC-coded method, inherently results in
greement between the two. Nevertheless, our goal was to inves-
igate if ICPC-codes only would be sufficient for use in research.
ecause of the excellent agreement between the two  we are con-
dent to conclude that it is not necessary to use of all information

rom the electronic health records and that ICPC-codes suffice to
dentify DM cases for outcome research.

Our study population was middle-aged at baseline (45–65 years
t baseline) with an oversampling of patients with a BMI  > 27 kg/m2.
atients of middle age, and those with a high BMI  may  consult their
P more frequently than younger and leaner patients. This could

ead to a more timely detection of DM and a more accurately reg-
stration of the diagnosis in the electronic medical records. This

ay  have led to an improved agreement between ICPC-coded diag-
oses and the reference standard in our population. Nevertheless,
ecause type 2 DM typically develops at middle-age and at high
MI, our results pertain the majority of the DM patients detected

n primary care.
After the baseline study visit, all participants received a letter

nforming them about their fasting plasma glucose concentration
nd the upper limit of a normal fasting plasma glucose concentra-
ion of 7.0 mmol/L. We  did not inform the GPs of the participants
nd do not know if participants with a fasting plasma glucose con-
entration >7.0 mmol/L consulted their GP with this test result.
n a previous study, the onset of DM was estimated to occur 4–7
ears prior to its clinical diagnosis [19]. Some of the incident DM
ases in our study may  therefore have been detected early because
f the test results. When we considered participants without an

CPC-coded diagnosis of DM,  but with a fasting plasma glucose
oncentration >7.0 mmol/L not at risk of developing DM during
ollow-up, the incidence of DM using the reference standard was

 per 1000 person-years (data not shown), compared with 11 per
000 person-years when these participants were considered at risk
f developing DM.  The true incidence of DM in a median follow-up
f 1.8 years most likely lies between these two  estimates. In- or
xcluding these cases had no influence on the agreement between
he ICPC-coded diagnoses and the reference standard. In the future,
rospective analyses of the NEO study with DM as an outcome
ariable and a longer follow-up time, the effect of this potential
arly detection because of participation in the study will become
egligible.

In this study, both participants with DM type 1 and participants
ith DM type 2 are included in the case definitions of DM diag-
Please cite this article in press as: A.W. de Boer, et al., Coded diagnoses
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oses. We  did not make separate subgroups in the case definitions
f prevalent DM because both a medical history of DM type 1 and
M type 2 at baseline will be excluded in future prospective anal-
ses on incident DM.  Seven percent of all patients with DM aged
.09 (0.07–0.12) 0.14 (0.09–0.21)

between 50 and 59 years in the Netherlands have been diagnosed
with DM type 1 [20]. With regard to incident DM,  we assume that
all participants with incident DM are diagnosed with DM type 2,
because DM type 1 is usually diagnosed before the age of 30 years
[21].

An advantage of using electronic health records for the follow-
up of cohort studies is the high follow-up rate, 97% in our study.
The response rate to a survey, or a follow-up questionnaire may  be
substantially lower. For example, the response rate of a follow-up
questionnaire that we sent to the NEO 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 [22]. 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 refer-
ence standard supports that the ICPC-coded diagnoses of DM are a
valid and better alternative than self-reported DM.

Another advantage of using general practice electronic health
records is that these records are a rich source of information. In the
NEO study, 1230 different ICPC-codes are registered 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 [23]. However, for each
diagnosis to be extracted from general practice medical records, it
is important to investigate the validity of ICPC-coded diagnoses and
to take the specific primary care setting into account.

Worldwide, electronic general practice data is increasingly used
to conduct research [24]. ICPC-coded diagnoses of DM from general
practice data may  also be 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 [25]. 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 stan-
dard in combination with the high follow-up rate supports that
ICPC-coded diagnoses of DM are a feasible, valid and a better alter-
native to self-reported diagnoses of DM for ascertainment of DM
cases in large cohort studies.
 from general practice electronic health records are a feasible and
im. Care Diab. (2020), https://doi.org/10.1016/j.pcd.2020.08.011
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