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ABSTRACT

Objective Quality indicators for the treatment of type
2 diabetes are often retrieved from a chronic disease
registry (CDR). This study investigates the quality of
recording in a general practitioner’s (GP) electronic
medical record (EMR) compared to a simple, web-based
CDR.

Methods The GPs entered data directly in the CDR
and in their own EMR during the study period (2011).
We extracted data from 58 general practices (8235
patients) with type 2 diabetes and compared the
occurrence and value of seven process indicators and 12
outcome indicators in both systems. The CDR, specifically
designed for monitoring type 2 diabetes and reporting to
health insurers, was used as the reference standard. For
process indicators we examined the presence or absence
of recordings on the patient level in both systems, for
outcome indicators we examined the number of
compliant or non-compliant values of recordings present
in both systems. The diagnostic OR (DOR) was calculated
for all indicators.

Results We found less concordance for process
indicators than for outcome indicators. HbA1c testing
was the process indicator with the highest DOR. Blood
pressure measurement, urine albumin test, BMI recorded
and eye assessment showed low DOR. For outcome
indicators, the highest DOR was creatinine clearance
<30 mL/min or mL/min/1.73 m? and the lowest DOR
was systolic blood pressure <140 mm Hg.

Conclusions Clinical items are not always adequately
recorded in an EMR for retrieving indicators, but there is
good concordance for the values of these items. If the
quality of recording improves, indicators can be reported
from the EMR, which will reduce the workload of GPs
and enable GPs to maintain a good patient overview.

BACKGROUND AND SIGNIFICANCE

From 2005, the Dutch government enacted legisla-
tion in order to introduce market forces in health-
care,' implementing the model of regulated
competition by Alain Enthoven.’ In market-driven
healthcare, it is assumed that consumers and
insurers want value for money, therefore they need
insight in healthcare performance, that is, in trans-
parency of costs in relation to the quality of
care.> * It is often assumed that quality of care can
be assessed by quality indicators, which are aspects
of healthcare that both provide insight into the
quality of care and that can be measured.®
Indicators can be selected on the basis of several
criteria, for example, clinical relevance, clinimetric
properties as reliability and validity, feasibility of
recording and extracting, room for improvement,
accordance to national guidelines, and relevance

for and acceptability by different target audiences
such as patients.® ”

Within Dutch primary care, market forces lead
to the formation of so-called ‘care groups’, in
which caregivers cooperate in the treatment of spe-
cific chronic diseases, such as type 2 diabetes melli-
tus or chronic obstructive pulmonary disease.® Care
groups are subsequently funded as a single unit by
health insurers.>'° Both insurance companies and
care groups need good indicators to contract and
negotiate on the basis of quality,* '* because in the
near future (primary) care groups and insurers will
use indicators in order to negotiate the level of
reimbursement of care provided as a standard set
of care products, a ‘care pathway’,* ' with an
accompanying price.* ° 12 This will guard patients’
access to high quality healthcare for an affordable
price in an ageing population. Therefore, various
national sets of indicators for type 2 diabetes have
been developed, which all distinguish between at
least two types of indicators: process indicators and
outcome indicators.” '* Process indicators reflect
whether a caregiver executed specific healthcare
activities, outcome indicators reflect the effect of
these activities on the patient’s health.'*

These indicators can be recorded in two different
types of medical information systems: a chronic
disease registry (CDR) or an electronic medical
record (EMR). CDR are used by care groups for
disease management.’ '® A CDR is a system that is
used for monitoring the process and outcome of a
specific chronic disease, with the benefits of easy
and uniform data entering, easy data extraction and
good patient overview and management.’® 7 In
The Netherlands, CDR are used by care groups for
audit and feedback to participating practices,
payment to the associated general practices and for
reporting to health insurers, while general practices
use EMR to record care for all complaints and dis-
eases of all patients. Practically all Dutch general
practitioners (GPs) use EMR, which makes The
Netherlands one of the leading countries in the use
of these records when compared to other countries
such as the USA.'® ¥ In The Netherlands, a patient
generally first contacts the GB who will refer the
patient to other medical disciplines if necessary.

Currently, in primary care indicators are mainly
recorded in CDR. However, as GPs also continue
to use their own EMR, there is double recording.
This is undesirable, because recording takes time,
time during which no care can be administered. As
more diseases become funded via primary care
groups,® the load of double recording will increase.
Subsequently, the need arises to record items in a
single source, from which indicators can be
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deduced indirectly. An obvious source would be the GP’s own
EMR, because thereby the GP can guard the coordination of
health problems on the patient level.'

If EMR of GPs are to be used as a source for deriving indica-
tors in the future, it must be investigated whether the recordings
in an EMR as used up to now for daily care are also suitable for
deducing indicators. This means that indicators deduced from
practitioners’ EMR must be compared to indicators deduced
from CDR, in order to assess whether the quality of recording
of clinical data in an EMR is equivalent to the quality of record-
ing in a CDR. Because up to now the CDR was used to report
to health insurers, we assume that therein the process and
outcome of care is recorded more correctly than in the EMR.
Moreover, the associated practices received feedback reports on
missing data in the CDR and had a direct financial benefit in
completing the data. The scarce literature on this topic shows
that recording in a CDR is equally or even more accurate than
in an EMR.'® Therefore, we assume that the CDR has more
ground truth than the practitioners’ EMR and thus can be used
as a reference standard. In this paper, we compare these two
types of recording systems for the disease type 2 diabetes melli-
tus in a primary care group in The Netherlands.

METHODS

Design

For this study, data were used from 58 general practices con-
nected to a primary care group from a region located in the
south-east of The Netherlands. Two sources were used: the
EMR of the practices and the CDR of the primary care group.
Table 1 provides an overview of the main characteristics of both
types of systems.

In general, the CDR is much simpler than the EMR, which
makes it relatively easy to enter, extract, process, analyze, and
report the data. It only contains data of patients with type 2 dia-
betes mellitus required for reporting indicators. Data in the
CDR are manually entered by staff members throughout the
year. They fill out a web-based form with coded questions (no
free text) during or after the yearly check-up, that is, data are

Table 1 Characteristics of CDR and EMR

Characteristics
(2011) CDR EMR

Routine care

All morbidity of all
patients in general

Main purpose Reimbursement
Data Data required for reporting

quality indicators of patients

with type 2 diabetes mellitus practice
No of databases One Several
Data model One Five (one for each
type of EMR)

Frequency of data
entry

Data entry forms

Once per patient per year On a daily basis
Various forms; the
same item can be
recorded in several
fields

Complex

Web-based form; one data
entry field per item

Data extraction and
data processing

Feedback to general
practices

Reporting

Simple

Twice a year on missing data No routine feedback
and quality indicators
Twice a year benchmark on
quality indicators

No routine reports

CDR, chronic disease registry; EMR, electronic medical record.

entered only once per year per patient. This form largely
follows the coding systems that are used in the EMR, although
in some cases the input format was simplified. For example, the
use of medication was entered using a categorical variable, that
is, (a) no medication (only lifestyle and/or diet), (b) only oral
antidiabetic agents, (c) oral antidiabetic agents and insulin or (d)
only insulin. This input format followed the standard diabetes
mellitus (SDM)® of the Dutch College of General Practitioners,
which describes exactly how quality indicators should be calcu-
lated. In particular, the SDM states that the use of medication
has to be calculated as four mutually exclusive categories. When
GPs enter (numeric or categorical) data in the CDR, they are
derived from various sources including answers of patients (eg,
smoking habits), measurements in the practice (eg, blood pres-
sure), letters from other healthcare providers (eg, the previous
GP), and the EMR (especially laboratory values).

In contrast, the use of the EMR for assessing quality indicators
is complicated. To start with, the practices use five different types
of EMR systems, each with their own peculiarities. Data in the
EMR are usually entered manually by staff members, except for
laboratory values, which are added automatically. In all EMR,
complaints and diseases can be recorded using the international
classification of primary care,?° prescriptions are coded using the
anatomical therapeutic chemical (ATC) classification system,>!
and (laboratory) measurements can be recorded using a code
table, which is maintained by the Dutch College of General
Practitioners. For each EMR, different processes and extraction
packages are needed to obtain the data. At our department, the
extracted data are mapped into a uniform data model and stored
in a data warehouse. Because the EMR contains all medical data
of all patients of the practices, thus also of patients without type
2 diabetes, queries were built to match the right group of patients
and subsequently the right medical data. For example, the indica-
tor ‘only insulin’ was calculated by querying the medication list
for patients with insulin (ATC code A10A) but without oral anti-
diabetic agents (ATC code A10B). Furthermore, data in the EMR
can be recorded in several fields. For instance, smoking can be
recorded as free text, as an international classification of primary
care code (ie, P17: tobacco abuse) or as a categorical variable (ie,
measurement code 1739: 1 ‘yes’, 4 ‘in the past’ or 3 ‘never’).
However, according to the SDM, code 1739 must be used to
compute the percentage of current smokers.’ All indicators in the
SDM are based on coded data (no free text). In this study, we
built queries that strictly follow these SDM specifications.

The data from CDR and EMR were extracted over 2011
(although the CDR had a reference date of 27 April 2012), and
subsequently matched on the basis of practice numbers in com-
bination with patient numbers, which were unique within prac-
tices (but not across practices), resulting in a group of 8235
patients stored into one data file (see supplementary appendix 1,
available online, for further information). These were all patients
that occurred in both systems. Some patients could not be
matched, when this was to be expected: 183 patients from the
CDR and 280 patients from the EMR.

This study was performed according to the code of conduct
for health research, which has been approved by the data protec-
tion authorities for conformity with the applicable Dutch privacy
legislation. All GPs gave permission for conducting this study and
informed their patients who could object to the use of their data.

Data analysis

The data, obtained on patient level from both systems, were
compared for 19 process and outcome indicators described in
the SDM,? see table 2.
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Table 2 Used indicators for type 2 diabetes mellitus on the basis
of the SDM

Process indicators Outcome indicators

No. Description No. Description
6 HbA1c test 10 Systolic blood pressure <140 mm Hg
9 Systolic blood pressure 13 LDL <2.5 mmol/L

measurement

Creatinine clearance >30 and <60 mL/
min or mL/min per 1.73 m?

Creatinine clearance <30 mL/min or
mL/min per 1.73 m?

BMI <25 kg/m?

15  Creatinine clearance test 16
18  Urine albumin test 17

19  Smoking status recorded 22

21 BMI recorded 27 No medication, only lifestyle and/or diet
25  Eye assessment 28  Medication: only oral antidiabetic
agents
29  Medication: oral antidiabetic agents
and insulin

30  Medication: only insulin
34 Smokers

36 HbATc <53 mmol/mol
37  HbATc >69 mmol/mol

The numbers for the indicators that are used in this paper are the same numbers as
those used in this SDM.

BMI, body mass index; HbA1c, hemoglobin Alc; LDL, low-density lipoprotein;

SDM, standard diabetes mellitus.

In this standard there is a total of 33 process and outcome
indicators; however, in the CDR only 19 of these indicators are
used for the following reasons. The CDR was designed in 2007,
when not all current indicators were available, or, if they were
available, pragmatic reasons played a role, such as the selection
of a minimal but representative set of indicators in order to
decrease the administrative burden for recording the underlying
clinical items. Therefore, we did not compare the other 14 indi-
cators of the SDM (namely 11, 12, 14, 23, 24, 26, 31-33, 35
and 38-41) because the clinical items in the EMR were not, or
not similarly, recorded in the CDR.

For process indicators, we examined whether the underlying
items were recorded within the reporting period (2011). If
there was at least one (valid) value recorded for a patient, an
associated process variable was considered as ‘present’.
However, when items did not fit some additional criteria (eg,
the item was invalid, eg, a blood pressure of 0), as well as in
situations in which no items were found for that patient at all,
the process variable was considered as ‘absent’.

In comparing the process indicators we used all 8235
patients, analyzing the number of ‘present’ values for both
systems. If a healthcare activity is not performed, it is not pos-
sible to determine the effect of that activity. Therefore, for
outcome indicators we only used patients in whom the asso-
ciated process variable was ‘present’. For example, in analyzing
the number of patients in whom the body mass index (BMI)
was lower than 25, we only used those patients whose BMI was
recorded. Therefore, for each outcome indicator the patient
population was smaller than the original group of 8235 patients
and varied per indicator (see figure 1).

For outcome indicators, we analyzed whether the last
recorded item within the reporting period (2011) met the criter-
ion of the indicator, for instance ‘is the BMI lower than 25?’.
If so, an associated outcome variable was considered as ‘compli-
ant’, in all other cases the variable was considered as ‘non-
compliant’.

The distribution of the process and the outcome variables for
both systems will be computed via the crosstabs procedure in
PASW (V.18). For each indicator, the population size, the
number and percentage of true positives (TP), false positives
(FP), true negatives (TN), as well as of false negatives (FN) are
computed. True positives are patients who score ‘present’ for a
process indicator or ‘compliant’ for an outcome indicator in
both systems (see table 3 for an example), while true negatives
represent ‘absent’ or ‘non-compliant’ scores. As we are using
recordings in the CDR as the reference, false positives are
patients who score ‘present” or ‘compliant’ for an indicator in
the EMR, but ‘absent’ or ‘non-compliant’ in the CDR, while
false negatives are patients who score ‘absent’ or ‘non-
compliant’ for an indicator in the EMR and not in the CDR.

We also report a statistical measure, the diagnostic OR
(DOR), a counterpart of the OR, which expresses the general
test performance. In our study, the DOR is the ratio of the odds
of presence (or compliance) of recordings in the reference stand-
ard relative to odds of the presence (or compliance) of record-
ings in the EMR, and is computed as follows:

TP x TN
FP x FN

A value of one indicates that the test (in this case the EMR)
cannot discriminate between patients with or without the pres-
ence (or compliance) of recordings in the reference standard,
and should therefore not be used for this purpose.>* The value
of the DOR can be infinitely high, and high values indicate that
the test performs very well.”* In our study, a high DOR suggests
that, when using one test as a reference standard (in this case
the CDR), the other test (in this case the EMR) is accurate in
classifying results.*?

Using the DOR over the perhaps more familiar Cohen’s k has
several advantages. First, the DOR allows comparing test per-
formance to a reference standard, while Cohen’s « is a measure
of agreement between two observers. Second, the DOR is
insensitive to the prevalence and therefore is a more stable
measure than Cohen’s x. Third, Cohen’s k is dependent on the
marginal proportions, due to prevalence effects and interobser-
ver bias, while the DOR is not.>>>* While often a low DOR
will correspond with a low k and vice versa, it is unclear how
exceptions must be interpreted due to the latter two undesirable
effects. Therefore, we choose to report the DOR.?372¢

RESULTS

Process indicators

Table 4 shows the results for the process indicators. The indica-
tor with the highest DOR was hemoglobin Alc (HbAlc) testing.
However, for all process indicators the DOR was less than 20,
while a DOR above 20 is recommended for a test to be clinic-
ally useful.”® The lowest scoring process indicators were blood
pressure measurement, urine albumin test, BMI recorded and
eye assessment. For the indicators smoking status recorded, BMI
recorded and eye assessment, the proportion of false negatives
was augmented, suggesting that these values were more accur-
ately recorded in the CDR than in the EMR.

Outcome indicators

Table 5 shows the results for the outcome indicators. The indi-
cator with the highest DOR was creatinine clearance less than
30 mL/min. For this indicator the DOR was very high, meaning
that the EMR discriminates very well between patients with cre-
atinine clearance of 30 mL/min or greater and those with cre-
atinine clearance less than 30 mL/min, according to the
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Associated process
variable = present

Process indicators
6,9,15,18,19,21,25
(n = 8235)

10: Blood pressure < 140 27: Lifestyle and/or diet
28: Only oral antidiabetics
29: Oral antidiabetics and insulin
30: Only insulin
(n=7003) (n=8135)
13: LDL< 2.5 34: Smokers
(n=7476) (n = 5606)
16: Serum creatinine >= 30 and < 60 | |36: HbA1c <53
17: Serum creatinine < 30 37: HbA1c > 69
(n =7505) (n=7380)
22: BMI < 25
(n=4772)

Outcome indicators

Figure 1

reference standard. For most indicators the DOR was over 20,
except for systolic blood pressure less than 140 mm Hg, which
was also the indicator with the lowest DOR.

DISCUSSION
Main findings
In this study, we compared two types of information systems in
general practice for generating quality indicators for type 2 dia-
betes mellitus. Indicators from EMR of GPs were compared to a
reference standard, that is, indicators from a CDR that was

Table 3 Distribution of patients for indicator "HbA1c testing’

CDR
HbA1c testing Present Absent
EMR
Present 7380 (TP) 75 (FP)
Absent 715 (FN) 65 (TN)

TP, present in both systems; FP, absent in CDR but present in EMR; TN, absent in
both systems; FN, present in CDR but absent in EMR.

CDR, chronic disease registry; EMR, electronic medical record; FN, false negative;
FP, false positive; HbA1c, hemoglobin Alc; TN, true negative; TP, true positive.

Study population for outcome indicators. BMI, body mass index; HbA1c, hemoglobin Alc; LDL, low-density lipoprotein.

specifically designed for monitoring the course of this disease.
The DOR was used to compare indicators from both types of
systems. The process indicator with the highest DOR was
HbAlc testing (8.9), while the outcome indicator with the
highest DOR was creatinine clearance less than 30 mL/min
(659.4). Generally, the DOR was below 20 for all process indi-
cators, and above 20 (in fact, even above 50) for most outcome
indicators. Clearly, there is much less concordance for process
indicators than for outcome indicators. Therefore, we conclude
that clinical items are not yet recorded adequately enough in the
EMR for retrieving indicators, but if they are, the value of the
item does not seem to differ too much between both systems,
which is in accordance with the results found in Fokkens et al.'®

Strengths and weaknesses

This study has several strengths. First of all, this is one of the
very few studies,'® in which the concurrent recording in two
systems is used to investigate the quality of reporting indicators
from an EMR. Second, many practices, and therefore a large
number of patients, were included in the analyses. Third, the
results of our study may not only be beneficial for reducing the
workload of GPs, but they also shed light on the reliability and
validity of the data when EMR are used for scientific research
on indicators.””
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Table 4 Process indicators

Number Description N TP TP % FP FP % TN TN % FN FN % DOR
6 HbA1c testing 8235 7380 89.6 75 0.9 65 0.8 715 8.7 8.9
9 Blood pressure measurement 8235 7003 85.0 66 0.8 49 0.6 1117 13.6 4.7
15 Serum creatinine test 8235 7505 91.1 117 1.4 56 0.7 557 6.8 6.4
18 Urine albumin test 8235 6410 77.8 550 6.7 373 4.5 902 11.0 4.8
19 Smoking status recorded 8235 5606 68.1 51 0.6 147 1.8 2431 29.5 6.6
21 BMI recorded 8235 4772 57.9 254 3.1 423 5.1 2786 33.8 29
25 Eye assessment 8235 4826 58.6 367 45 687 83 2355 28.6 3.8

TP, true positive (present in both systems); FP, false positive (absent in CDR but present in EMR); TN, true negative (absent in both systems); FN, false negative (present in CDR but
absent in EMR). BMI, body mass index; CDR, chronic disease registry; DOR, diagnostic OR; EMR, electronic medical record; HbA1c, hemoglobin A1c.

This study also has limitations. We used the CDR as a refer-
ence standard, because it was used for reporting to health
insurers (ie, on care group level). The results of our study
support this choice as for process indicators the percentage of
false negatives (ie, only present in the CDR) is much higher
than the percentage of false positives (ie, only present in the
EMR). However, although the CDR is the best reference stand-
ard available, it is not an absolute gold standard. Part of the
concordance between both systems can be explained by the fact
that some information in the CDR is derived from the EMR, in
particular laboratory values. Also, some findings might be
explained by differences in the frequency of data entering
between CDR and EMR. In particular, the low DOR (10) for
systolic blood pressure less than 140 mm Hg might be explained
by the fact that blood pressure is measured often (see Struijs
et al), *® which increases the chance that the last recorded blood
pressure in the EMR is not the same blood pressure that was
recorded in the CDR during or after the yearly check-up.
Another limitation is the 3 months difference in extraction
period, which may have underestimated the concordance
between process indicators.

Implications for GPs

The results of this study imply that an EMR can be used for
reporting indicators if GPs will make some adjustments in their
recording habits for the EMR, so that recordings are less often
missing or if they are already present, they should be stored in
the right place (eg, not as free text). We believe that it is

Table 5 Outcome indicators

desirable and feasible that GPs further improve their recording
habits so that an EMR becomes the preferred system for report-
ing indicators. In this way, GPs can reduce their workload and
maintain a good patient overview, especially when more diseases
will be funded via primary care groups with an accompanying
growing number of CDR.?

An important motivation for GPs to record items underlying
indicators meticulously in the EMR is the relation between
recording and treatment: Will improving the quality of record-
ing of clinical items improve the quality of care? This question
is yet unanswered, as studies show mixed results. Goudswaard
et al*® showed that there was no association between complete-
ness of recording and HbAlc levels, suggesting that inad-
equately recorded patients do not consequently receive a worse
treatment. However, in that study 36% of the HbAlc levels that
were initially unrecorded exceeded target values.”” Opposing
results were found in Fokkens et al>° in which a CDR was
embedded in a structured diabetes care program, and in De
Grauw et al,*! in which an improved recording was associated
with changes in treatment. More research is needed to answer
this question, especially in settings that involve a transfer of
treatment.

Implications for policy makers

An important question for policy makers is whether quality
indicators from EMR are valid, that is, do they really measure
important aspects of the quality of care? There are different
studies suggesting that either process or outcome indicators are

Number  Description N TP TP% FP FP% TN TN% FN FN %  DOR
36 HbA1c <53 mmol/mol 7380 4647 63.0 342 46 2113 286 278 3.8 103.3
37 HbA1c >69 mmol/mol 7380 178 24 86 1.2 7024  95.2 92 1.2 158.0
10 Systolic blood pressure <140 mm Hg 7003 3001 429 734 105 2320 331 948 135 10.0
13 LDL <2.5 mmol/L 7476 3552 475 261 35 3371 45.1 292 3.9 157.1
16 Creatinine clearance >30 and <60 mL/min or mL/min per 1.73 m*> 7505 1369  18.2 324 43 5397 719 415 5.5 54.9
17 Creatinine clearance <30 mL/min or mL/min per 1.73 m? 7505 45 0.6 22 0.3 7415  98.8 23 0.3 659.4
34 Smokers 5606 803 14.3 102 1.8 4607  82.2 94 1.7 385.8
22 BMI <25 kglmZ 4772 708 148 77 1.6 3881 81.3 106 2.2 336.7
27 No medication, only lifestyle and/or diet 8135 1603  19.7 445 5.5 5858  72.0 229 2.8 92.1
28 Medication: only oral antidiabetic agents 8135 4760 585 395 49 2481 305 499 6.1 59.9
29 Medication: oral antidiabetic agents and insulin 8135 547 6.7 172 2.1 7145  87.8 27 33 83.8
30 Medication: only insulin 8135 135 1.7 78 1.0 7831 96.3 91 1.1 148.9

TP, true positive (compliant in both systems); FP, false positive (non-compliant in CDR but compliant in EMR); TN, true negative (non-compliant in both systems); FN, false negative
(compliant in CDR but non-compliant in EMR). BMI, body mass index; CDR, chronic disease registry; DOR, diagnostic OR; EMR, electronic medical record; HbA1c, hemoglobin Alc.
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most important for assessing clinical outcomes.**™* The results
of this study provide more confidence in outcome than in
process indicators from EMR. Regarding the validity of the indi-
cators, we noticed that some outcome indicators could be
improved. In particular, the indicators with respect to medica-
tion (27-30) describe various treatments, but as they are mutu-
ally exclusive it remains unclear how these treatments should be
interpreted in terms of quality, that is, which indicator reflects
the ‘best’ treatment of type 2 diabetes. Furthermore, because
treatment with lifestyle and/or diet (no 27) supplements medica-
tion treatments (nos 28, 29 and 30) we suggest not to calculate
it as a mutually exclusive treatment category.

A possible risk of the use of indicators for funding is that
only those treatments will be reimbursed that can be measured
by indicators. While chronic care in The Netherlands will be
funded as a standard set of care products,” a predesigned treat-
ment may not fit the needs of individual patients.'* Also, Pollitt
et al*® show that once indicators are used for incentives and
sanctions, they may start to take on a life of their own.
Caregivers may only improve recording habits instead of quality
of care, or may apply ‘adverse selection’.*™* An example of
the latter is that hospitals try to attract only the more stable
patients (ie, improve their case mix) in reaction to the introduc-
tion of a new indicator for diabetes care, the average HbAlc
score.*® Therefore, caution is strongly advised when interpreting
results of indicators as a direct measure of quality of care and
subsequently using them as an incentive.

Implications for medical informaticians

This study is based on data from medical information systems
currently used by GPs in The Netherlands, which will certainly
differ from systems used in other settings or countries.
Nevertheless, part of our research generalizes to other contexts.
As for methodological generalizability, the method that we used
is expandable to other studies. Whenever quality indicators
from two medical information systems are available, and one of
the two is a plausible reference standard, the same method can
be used to investigate the quality of recordings in the other
system. As to the generalizability to other contexts, the results
of this study are influenced both by the design of the two
systems used and the recording behavior of the general prac-
tices. The concurrent use of multiple medical information
systems for entering the same data for different purposes occurs
in many settings. Contemporary EMR are not designed for gen-
erating quality indicators, but for recording care delivered to
individual patients often having multiple diseases. Therefore,
the underlying data model is complex and the usability of the
systems may yet leave much to be desired concerning recording
items for indicators. As a CDR is specifically designed to gener-
ate indicators, recording the underlying items may be much
easier. Nevertheless, we believe that it is unwise to set up a new
system for each purpose.

Medical information systems, in particular EMR, are
dynamic. They change over time in order to comply with new
legislation, new user requirements, new insights, and so on.
Integrating all these requirements into one system is difficult.
Therefore, it may be tempting in the short term to set up an
additional system for new purposes, like the CDR was set up
next to the EMR for reimbursement purposes with the advan-
tages of easy data entering, extracting and reporting, and the
disadvantage of double recording. However, in the long run,
setting up a different system for each purpose leads to ineffi-
ciency, fragmentation, and lack of overview. The results of our
study regarding process indicators reveal many data

inconsistencies between two medical information systems. These
inconsistencies are due to various causes including differences
between system design, frequency and time of data entering, the
fact that double data entry is prone to errors, etc. Data should
be recorded only once, for multiple purposes, instead of the
other way round. Therefore, the best way to improve recordings
of GPs in daily practice is to adapt EMR for ease of recording
items for generating quality indicators, for example, by design-
ing single, user-friendly entry screens or by using mandatory

fields.
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