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Summary

BACKGROUND: Primary care databases collect electron-
ic medical records with routine data from primary care
patients. The identification of chronic diseases in primary
care databases often integrates information from various
electronic medical record components (EMR-Cs) used by
primary care providers. This study aimed to estimate the
prevalence of selected chronic conditions using a large
Swiss primary care database and to examine the impor-
tance of different EMR-Cs for case identification.

METHODS: Cross-sectional study with 120,608 patients
of 128 general practitioners in the Swiss FIRE (“Family
Medicine Research using Electronic Medical Records”)
primary care database in 2019. Sufficient criteria on three
individual EMR-Cs, namely medication, clinical or labora-
tory parameters and reasons for encounters, were com-
bined by logical disjunction into definitions of 49 chronic
conditions; then prevalence estimates and measures of
importance of the individual EMR-Cs for case identification
were calculated.

RESULTS: A total of 185,535 cases (i.e. patients with
a specific chronic condition) were identified. Prevalence
estimates were 27.5% (95% CI: 27.3-27.8%) for hyper-
tension, 13.5% (13.3-13.7%) for dyslipidaemia and 6.6%
(6.4-6.7%) for diabetes mellitus. Of all cases, 87.1%
(87.0-87.3%) were identified via medication, 22.1%
(21.9-22.3%) via clinical or laboratory parameters and
19.3% (19.1-19.5%) via reasons for encounters. The ma-
jority (65.4%) of cases were identifiable solely through
medication. Of the two other EMR-Cs, clinical or labora-
tory parameters was most important for identifying cases
of chronic kidney disease, anorexia/bulimia nervosa and
obesity whereas reasons for encounters was crucial for
identifying many low-prevalence diseases as well as can-
cer, heart disease and osteoarthritis.

CONCLUSIONS: The EMR-C medication was most im-
portant for chronic disease identification overall, but iden-
tification varied strongly by disease. The analysis of the
importance of different EMR-Cs for estimating prevalence

revealed strengths and weaknesses of the disease defi-
nitions used within the FIRE primary care database. Al-
though prioritising specificity over sensitivity in the EMR-C
criteria may have led to underestimation of most preva-
lences, their sex- and age-specific patterns were consis-
tent with published figures for Swiss general practice.

Introduction

Electronic medical records (EMRs) are increasingly used
in primary care [1-2]. They are typically organised into
different, often structured, components (EMR-Cs) such as
medication data, laboratory values, clinical parameters or
coded diagnoses. EMR data from multiple primary health-
care providers can be merged into primary care databases,
which then offer significant potential for research [3-6].
Large primary care databases have been developed in
healthcare systems internationally, including in the UK
[7-8], Canada [9], Spain [10] and Italy [11].

In Switzerland, primary care is predominantly provided
by general practitioners who work in private practices and
bill according to a nationwide, uniform fee-for-service tar-
iff system. Costs exceeding a patient’s deductible are cov-
ered by compulsory general health insurance. About 70%
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of Swiss general practitioners stored their patients’ medical
records in electronic form in 2019 (82% in 2023) [12], us-
ing over 20 different practice information systems [13].
The first primary care database in Switzerland, called FIRE
(“Family Medicine Research using Electronic Medical
Records”), was established ten years earlier in 2009 [14].
FIRE, which to our knowledge is still the only relevant
Swiss primary care database, integrates data from seven
different EMR systems used by primary care providers in
German-speaking Switzerland. For more information on
FIRE, visit www.fireproject.ch/en.

Coded diagnoses are often unavailable in primary care
databases. In the Swiss healthcare system in particular,
there are no financial incentives for coding diagnoses, and
other incentives, such as facilitating access to decision aids
by linking them directly to coded diagnoses, are difficult to
implement on a larger scale due to the multitude of differ-
ent practice softwares used. Therefore, coded diagnoses of-
ten need to be implemented secondarily in order to realize
the primary care database’s full potential for research, clin-
ical practice and public health. This can be achieved, for
example, using natural language processing, statistical and
machine learning methods or rule-based algorithms, which
process operationalised diagnostic criteria [15-16]. Rule-
based algorithms can yield valid results and have certain
advantages over other chronic disease identification tech-
niques — among others, faster implementation and easier
interpretability — that make them attractive for many ap-
plications and researchers [15, 17]. Previous research on
identifying chronic diseases in primary care databases us-
ing rule-based algorithms often focused on medication da-
ta, but the relevance of exploiting multiple complementary
EMR-Cs has been pointed out [18]. Yet there is little quan-
titative evidence on the importance of different EMR-Cs
for chronic disease identification.

The aims of the present study were to analyse period preva-
lence estimates of 49 chronic conditions in the FIRE pri-
mary care database identified by customized rule-based
case definitions using three commonly used EMR-Cs
available in the FIRE primary care database, and to exam-
ine the importance of the different EMR-Cs for case iden-
tification using tailored importance metrics.

Methods

Study design, setting and participants

We performed a cross-sectional study using data from the
Swiss FIRE primary care database [14]. At the end of
2019, the FIRE primary care database held almost nine
million consultation records from over 500 general prac-
titioners with medication prescription data including
Anatomical Therapeutic Chemical (ATC) codes [19] and
Global Trade Item Numbers (GTIN), clinical parameters
and laboratory test results, as well as reasons for encoun-
ters coded according to the International Classification of
Primary Care, 2" edition (ICPC-2), a classification
method developed by the World Organization of Family
Doctors (WONCA) that allows an episodically ordered
classification of reasons for encounters, health problems
and interventions in primary care encounters [20]. In ad-
dition, the FIRE primary care database contains adminis-
trative data and demographic information of general prac-
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titioners and patients; only year of birth and gender are
known of the patients. Patient identification in FIRE is via
identification numbers, which are already hashed in the
practices before data transmission. A detailed specification
of variables contained in the FIRE database has been pub-
lished [21].

Not all practice softwares export medication data to the
FIRE primary care database with date stamps. For this
study, we only considered practices where each medication
prescribed in, or related to, a consultation in 2019 was ex-
ported with both a start date and an end date (or explicitly
as a prescription until further notice). From these practices,
we included all patients aged 18-99 years with at least one
consultation in 2019 (N = 120,608) and used all their data
available up to their last recorded consultation (i.e. the in-
dex consultation) in 2019. For the study flowchart, please
see supplementary figure 1.

Studies within the fully anonymised FIRE project do not
fall within the scope of the Human Research Act and are
exempt from ethics review. Ethical approval was waived
by the Ethics Committee of the Canton of Zurich; BASEC
No. Req-2017-00797.

Chronic conditions

The selection of chronic diseases to be identified was
based on an appraisal of the literature and consideration of
their relevance to general practice. Specifically, we com-
bined the list of 75 chronic diseases (considered most rele-
vant in the context of multimorbidity by experts in family
medicine) by N’Goran et al. [22] and the list of 40 chronic
diseases (considered by clinicians as the most relevant
chronic diseases that constitute multimorbidity) by Barnett
et al. [23]. The resulting list was reviewed by three authors
(RM, TG, SM) for identifiability in the FIRE primary care
database, and the selection of chronic diseases for this
study was reached by consensus. Selected chronic diseases
were further combined into overarching disease complexes
based on presumed indistinguishability in the FIRE prima-
ry care database (e.g. “asthma” and “chronic obstructive
pulmonary disease” were combined into “obstructive lung
disease”). This resulted in a selection of 49 chronic dis-
eases or overarching disease complexes — henceforth
“chronic conditions” — potentially identifiable in the FIRE
primary care database.

Case definition and diagnostic criteria

For these 49 chronic conditions, we specified individual
criteria on three commonly used EMR-Cs available in the
FIRE primary care database, namely medication (MED),
clinical or laboratory parameters (CLP) and ICPC-2 cod-
ed reasons for encounters (RFE), each intended to suffi-
ciently characterise the chronic condition in question. We
then defined a case of a specific chronic condition as a
patient with at least one EMR-C criterion for this chronic
condition fulfilled. For most high-prevalence chronic con-
ditions like diabetes or hypertension, we relied on criteria
already validated in other primary care database research.
In some cases however, validated criteria had to be adapt-
ed or combined, or new criteria developed, as is often the
case in primary care database research [24-25]:
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1. MED: Medication criteria used ATC codes or the more
specific GTINs and required implementation of the
Swiss pharmaceutical cost groups [26] and of all med-
ications’ indications as approved by the Swiss Agency
for Therapeutic Products (swissmedic) [27]. To reduce
false-positives due to episodic rather than chronic pre-
scription, we required a minimal treatment duration of
six months to identify a chronic condition based on
medication data.

2. CLP: Criteria on clinical or laboratory parameters
were derived from international guidelines to identify
the chronic conditions thyroid disease, obesity, anorex-
ia/bulimia nervosa, dyslipidaemia, diabetes and hyper-
tension [28-33]. Clinical parameters used were blood
pressure and BMI, whereas laboratory parameters in-
cluded, for example, LDL-cholesterol or HbAlc.

3. RFE: The reasons for encounters used were those suf-
ficiently specific to allow identification of selected
chronic conditions.

We distinguished reversible (e.g. chronic pain or mental
disorders) from permanent chronic conditions (e.g. hyper-
tension or dyslipidaemia). In permanent chronic condi-
tions, EMR-C criteria could be met at any time in the
patient history, whereas for reversible chronic conditions,
they had to be met within no more than six months prior to
the index consultation.

The EMR-C criteria for all 49 selected chronic conditions
were compiled by RM and independently reviewed by TG
and SM. Differences were resolved by consensus. The fi-
nal criteria for all chronic conditions can be found in sup-
plementary table 1.

Prevalence estimates and EMR-C importance metrics

We estimated the period prevalences p for the year 2019,
of specific chronic conditions in the FIRE general practice
patient population as the number of cases divided by the
total number of patients included, i.e. (using notation from
figure 1):

p=nw/N=(m+I[+r+ml+mr+lr+ mlr)/#patients
For the analogous prevalence estimate of having any
chronic condition, multiple cases (of different chronic con-

ditions) with the same patient were counted only once, i.e.
as one single case of the collective condition.

In order to determine the relevance of each EMR-C for
case identification, we defined importance metrics as fol-
lows (again using notation from figure 1): The relative
contribution of an EMR-C to case identification of a spe-
cific chronic condition was defined as the proportion of
cases identified by this EMR-C divided by the total num-
ber of cases identified by any EMR-C. An EMR-C’s rel-
ative exclusive contribution to the identification of cases
of a specific chronic condition was defined as the propor-
tion of cases identified by this EMR-C but not identified
via any other EMR-C, again divided by the total number of
cases. Using the EMR-C MED as an example, this is:

c=(m+ml+mr+milr)/n
and

Ce =m/n
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Additional analyses

Although redundant in principle, we reported 95% Wilson
confidence intervals (Cls) for all p (supplementary table 2)
and selected ¢ and ¢, as a courtesy to the reader (simulta-
neous Cls for multinomial proportions where appropriate).
For fine-grained comparability with prevalence estimates
found in Swiss general practice, and thus for a more thor-
ough validation of our estimates, we also calculated pe-
riod prevalence estimates stratified for sex X age groups.
Furthermore, we used medians and quartiles as well as the
quartile coefficient of dispersion, defined as

qeod =(q 975 —q 025) /(9 075 + g 025)

to describe the distributions of the (unstratified) prevalence
estimates across general practitioners. The qcod is a robust
relative measure of dispersion, useful for comparing the
spread of non-normally distributed sets of data that may
differ in their medians or units of measurement. Its range
and interpretation are similar to those of the better-known
coefficient of variation.

All calculations were carried out using R, version 4.0.0
[34]. The Euler diagrams were created using the R library
"eulerr", version 6.1.1 [35].

Ethics approval and consent to participate

Studies within the FIRE project do not need ethics ap-
proval as they do not fall within the scope of the Human
Research Act (waiver granted by the Ethics Committee of
the Canton of Zurich; BASEC No. Req-2017-00797).

Results

Sample characteristics

We analysed data of N = 120,608 patients (52.3% female;
median age 52 years [interquartile range (IQR) 36-67])
of 128 general practitioners (35.2%, 52 [43-56]; age data
missing for 10 (7.8%) of them) working in 53 different
practices. The patients had a median of 4 [2-9] consulta-
tions in 2019.

Prevalence estimates and EMR-C importance metrics

Prevalence estimates are shown in figure 2 for any chronic
condition and for the 24 most frequently identified chronic

Figure 1: Notation used for defining prevalence estimates and im-
portance metrics. The lower case labels within the regions in the
Euler diagram denote the number of cases identified exclusively
by the respective electronic medical record components.

RFE

P/
e

MED
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conditions (encompassing 97.0% of all identified cases) to-
gether with importance metrics of the three EMR-Cs. Full
numerical data for all 49 chronic conditions (including Cls
for prevalence estimates) can be found in supplementary
table 2. The patients had a mean number of 1.54 chronic

Swiss Med WKkly. 2023;153:40107

conditions per patient and a mean number of 2.78 chronic
conditions per patient with one or more chronic conditions.

Of the individual EMR-Cs, MED allowed identification of
161,653 (¢ = 87.1%; 95% CI 87.0-87.3%) cases, CLP of
40,965 (22.1%; 21.9-22.3%) and RFE of 35,773 (19.3%;

rhythmias and congestive heart disease

Any chronic condition

p =553% ¢ =19.3%
ce=4.75%
RFE
MED cLP
¢ =22.1%
ce= 6.88%

b

Mental disorder® Obstructive atherosclerotic disease

p =102% ¢ =102% p =9.90% ¢ =20.7%
ce=1.11% ce=2.52%
c =98.9% c=0 c =97.5% c=0
ce = 89.8% ce=0 ce=T79.3% ce=0
Obesity Osteoarthritis
p =522% ¢ =245% p=519% ¢ =32.7%
ce=3.63% ce=21.8%
c = 1.87% c =95.9% ¢ =782% ¢ =0
ce = 0.44% ce=742% .= 067.3% ce=10
Benign prostatic hyperplasia Chronic kidney disease
p =3.62% ¢ =149% p =2.50% c=0
ce=5.32% ce=0
¢ =94.7% c=0 c=0 ¢ =100%
ce=85.1% ce=0 ce=10 ce = 100%
Gout Dementia
p =1.90% ¢ =265% p=182% ¢ =17.2%
ce=11.5% ce=8.73%
¢ =88.5% c =0 c =91.3% c=0
ce=T73.5% ce=0 ce=82.8% ce=0
Heart diseased Cancer
p =1.26% ¢ =50.8% p=120% c =67.7%
ce=42.5% ce=59.9%
¢ =57.5% ¢ =0 ¢ =40.1% c=0
ce=49.2% ce=0 ce=32.3% ce=10

Figure 2: Prevalence estimates (based on N = 120,608 patients) and importance metrics, shown in (approximately) area-proportional Euler di-
agrams, with the areas representing the number of cases identified by the respective electronic medical record component(s). p: prevalence
estimate; c: relative contribution; c,: relative exclusive contribution; MED: medication; CLP: clinical or laboratory parameters; RFE: reasons for
encounters. ? including depression, psychotic disorders and anxiety disorders; ° including coronary, cerebral and peripheral arteries including
arrhythmias and congestive heart disease; ¢ including asthma, chronic obstructive pulmonary disease and chronic bronchitis; ¢ including ar-

Hypertension Chronic pain
P =27.5% ¢ = 30.8% p =202% ¢ = 1.19%
ce = 0.90% ce=0.26%
c =88.7% ¢ =62.0% c =99.7% c=0
c.=31.1% ce=8.15% c. = 98.8% c.=0
Dyslipidemia Acidity related stomach problems
p =13.5% ¢ =202% p =12.3% ¢ =343%
ce=5.15% ce=0.71%
¢ = 88.5% ¢ =23.6% ¢ =99.3% c =0
ce = 61.0% ce = 5.41% ce = 96.9% ce=0
Obstructive lung disease® Diabetes mellitus
P2 =923% ¢ =20.5% p = 6.58% ¢ =36.9%
ce=2.12% ce=3.04%
c =97.9% c =0 c =81.8% c =70.9%
ce=T79.5% ce=0 ce = 20.0% ce=13.9%
Chronic constipation Thyroid disease
p =411% ¢ =6.53% p =3.78% ¢ =16.0%
ce = 0.75% ce=1.29%
¢ =99.3% c =0 c =94.2% ¢ =36.1%
ce=93.5% ce=10 ce = 53.0% ce=4.21%
Irritable bowel syndrome Migraine
p =2.18% ¢ =9.29% p =195% ¢ =21.9%
ce=5.26% ce=9.42%
¢ =94.7% ¢ =0 ¢ =90.6% c =0
ce=90.7% ce=10 ce =T8.1% ce=0
Osteoporosis Epilepsy
P =1.30% ¢ =45.6% p = 1.48% c =11.7%
ce = 20.8% ce=1.35%
c =79.2% c =0 ¢ =98.7% c =0
ce=54.4% ce=10 ce = 88.3% ce=0
Parkinson's disease Glaucoma
p =1.14% ¢ =9.23% p =0.88% c =7.39%
ce=0.73% ce=1.61%
¢ =99.3% ¢ =0 ¢ =98.4% ¢ =0
ce = 90.8% ce=0 ce = 92.6% ce=0
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19.1-19.5%) cases. Simultaneous identification by all
three EMR-Cs was found in 10,143 (5.5%; 5.4-5.6%) cas-
es, all with hypertension, dyslipidaemia, diabetes mellitus,
obesity or thyroid disease. Simultaneous identification by
exactly two EMR-Cs was found in 32,570 (17.6%;
17.4-17.7%) cases. The identification of the remaining
142,822 (77.0%; 76.8-77.2%) cases depended on one sin-
gle EMR-C. Exclusive contribution of the EMR-C MED
to case identification was highest in chronic pain (¢, =
98.8% of all cases of chronic pain were identified via
MED only; 98.7-98.9%), acidity-related stomach prob-
lems (96.6%; 96.3-96.8%) and chronic constipation
(93.5%; 92.7-94.1%). Exclusive contribution of the EMR-
C CLP was highest in chronic kidney disease (100%;
99.9-100%), anorexia/bulimia nervosa (87.1%;
82.1-90.9%) and obesity (74.2%; 73.1-75.3%). Exclusive
contribution of the EMR-C RFE was highest in many low-
prevalence chronic conditions and still high in more-preva-
lent chronic conditions such as cancer (59.9%;
57.3-62.4%), heart disease (42.5%; 40.0—45.0%) and os-
teoarthritis (21.8%; 20.8-22.9%).

Stratified prevalence estimates and prevalence distrib-
utions across general practitioners

Prevalence estimates stratified by sex x age groups are pre-
sented in figure 3 for the 24 most frequently identified
chronic conditions, and full numerical data for all 49
chronic conditions can be found in supplementary table
3, which also shows how prevalence estimates of chronic
conditions varied across general practitioners. In both sex-
es, the prevalence estimates of most chronic conditions in-
creased with age, one notable exception being migraine
whose prevalence started to decrease in patients in their
sixth decade. Distinctly higher prevalence estimates in fe-
male patients (compared to their male counterparts) were
found for chronic pain, mental disorders, osteoarthritis,
thyroid disease, irritable bowel syndrome, migraine, de-
mentia and osteoporosis. Higher prevalence estimates in
male patients were observed for hypertension, dyslipi-
daemia, obstructive atherosclerotic disease, diabetes mel-
litus, benign prostatic hyperplasia, gout and heart disease.
Prevalence estimates of most chronic conditions varied lit-
tle across general practitioners apart from random fluc-
tuations in low-prevalence chronic conditions and except
for chronic kidney disease (median 2.0% [IQR 0.5-3.8%],
gcod = 0.76), cancer (0.6% [0.3—1.6%], 0.70) and obesity
(3.6% [1.9-7.6%], 0.59).

Discussion

Case definitions for chronic diseases are often used for
research with primary care databases, but little is known
about the importance of different EMR-Cs for chronic dis-
case identification. In this study, we implemented case de-
finitions for 49 chronic conditions in a large Swiss pri-
mary care database and analysed prevalence estimates and
the importance of three commonly used EMR-Cs for case
identification. We found that MED was the EMR-C in the
FIRE primary care database contributing most to chronic
disease identification. CLP and RFE complemented iden-
tification of frequent chronic conditions such as chronic
kidney disease, cancer, heart disease and obesity. For most
chronic conditions, our case definitions yielded prevalence

Swiss Med Wkly. 2023;153:40107

estimates lower than expected, but observed sex- and age-
specific epidemiological patterns were concordant with
previous research.

Many chronic diseases can reliably be identified using
medication data; consequently exclusively medication-
based identification methods have been developed
[36-37]. Our results were in line with this; nearly 90%
of chronic condition cases could be identified via MED.
MED was most important for the identification of chronic
pain, acidity-related stomach problems and chronic consti-
pation, but identification of most other chronic conditions
strongly depended on MED data too.

Medication-based chronic disease identification, however,
may introduce false-positives due to prevention, overtreat-
ment, off-label treatment or as-needed prescriptions in spe-
cific cases. For example, primary preventive use of low-
dose aspirin is common and may cause overestimation
of obstructive arteriosclerotic disease [38]. Overtreatment
with proton pump inhibitors is also common in Switzer-
land and has most likely inflated the prevalence estimate of
acidity-related stomach problems in our study [39]. Like-
wise, off-label prescribing can also cause overestimation
of prevalence even if it is medically justified. An obvious
example in our study was the misclassification of 0.1% of
women as having benign prostatic hyperplasia; the most
plausible explanation here would be off-label use of se-
lective al receptor antagonists for kidney stones [40]. Fi-
nally, medication prescribed as-needed for conditions with
paroxysmal, non-chronic patterns may also lead to an over-
estimation of chronic conditions. This effect may have
contributed to the high prevalence of chronic pain and
acidity-related stomach problems, as pain medication and
proton pump inhibitors are more likely to be prescribed on
an as-needed basis than other drugs.

In addition to such false-positives, false-negative identifi-
cation of chronic diseases based on the EMR-C MED may
also occur, especially when drugs used in specific case
definitions are typically prescribed in specialised settings
only. This constellation occurs with chemotherapeutics or
monoclonal antibodies typically prescribed in secondary
or tertiary care and explains why this EMR-C is prone to
underestimate cancer and autoimmune diseases in primary
care. Furthermore, identification of chronic diseases based
on medication alone may also fail to detect chronic dis-
eases in mild cases or early stages when non-pharmaco-
logical management is still an option (e.g. obesity or early
stages of type 2 diabetes mellitus) and thus leads to un-
derestimation of their prevalence. Lastly, patients without
medication prescriptions may differ in their socioeconom-
ic status compared to those receiving medication, and case
identification depending on the EMR-C MED may be bi-
ased accordingly [41, 42].

The value of the EMR-Cs CLP and RFE was limited both
in terms of their overall contributions to case identification
(c=22.1% and 19.3% for CLP and RFE, respectively) as
well as their exclusive contributions complementing other
EMR-Cs (¢ . = 6.9% and 4.7%). Among all chronic con-
ditions, case identification of chronic kidney disease most
strongly depended on laboratory test results (¢ = 100% for
CLP), as no specific medication could be operationalised,
nor is there a sufficiently specific ICPC-2 code for identi-
fying chronic kidney disease.
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While considering CLP and RFE may reduce some of the
above-mentioned risks of bias linked to medication pre-
scribing, laboratory testing in particular may still be relat-
ed to disease severity and socioeconomic status, depend-
ing on the healthcare setting [42]. Identification based on
RFE is likely to be less susceptible to such selection bias.
However, our data showed highly incomplete RFE coding
by general practitioners in the FIRE network, making this
EMR-C per se very unreliable for chronic disease identi-
fication. The issue of low coding performance by general
practitioners has been documented before; in the context
of primary care database research using case definitions

Swiss Med WKkly. 2023;153:40107

for chronic disease identification, it is most problematic
when other EMR-Cs, especially MED, are missing to fill
this gap [43—45]. In particular, incomplete coding of can-
cer and heart disease is well known and confirmed by our
low prevalence estimates (p = 1.2% for cancer, 1.3% for
heart disease), and the high relative exclusive contributions
of RFE to identifying such cases highlights the problem
(c «= 59.9% and 42.5%). In the context of RFE coding,
the ICPC-3 system should be mentioned, which, in addi-
tion to function-related information, also includes condi-
tions missing in ICPC-2, such as chronic kidney disease
[46]. It remains to be seen whether the higher level of de-

ders and anxiety disorders; ® including coronary, cerebral and periphera

Figure 3: Sex x age group-specific prevalence estimates. Panels represent age group-specific prevalence estimates of female patients
(lighter, left) and male patients (darker, right) for the 24 most prevalent chronic conditions in decreasing order of overall prevalence (N =
38,954 (in age group 18-40) + 47,573 (41-64) + 24,175 (65-80) + 9,906 (81-99) = 120,608 patients). ? including depression, psychotic disor-

| arteries including arrhythmias and congestive heart disease; © includ-

ing asthma, chronic obstructive pulmonary disease and chronic bronchitis; ¢ including arrhythmias and congestive heart disease
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tail on the one hand, but the expected higher coding ef-
fort on the other, will improve case identification of chron-
ic conditions in primary care databases.

Incomplete documentation is also problematic if vital pa-
rameters are used for chronic disease identification: as in
other primary care databases, we assume that the body
mass index (BMI) may be incompletely documented by
general practitioners in the FIRE network, leading to un-
derestimation of both anorexia and obesity whose defini-
tions strongly depend on this measure [47—48].

While a high specificity of our definitions was achieved by
stipulating sufficient criteria for each individual EMR-C,
sensitivity was increased by logical disjunction over mul-
tiple EMR-Cs. However, sensitivity likely remained the
most important limitation [17]. To assess its severity, ex-
ternal studies on chronic disease prevalence in Swiss gen-
eral practice are a useful comparison standard. A recent
study by Excoffier et al. surveyed a sample of 118 Swiss
general practitioners on chronic diseases of 25 consecutive
patients per general practitioner, and produced prevalence
estimates for multiple chronic diseases in Swiss general
practice [49].

Our results differed to varying degrees from the preva-
lences found in this study: prevalence estimates were sim-
ilar in hypertension, dyslipidaemia and diabetes mellitus
(i.e., p=27.5% vs 32%, 13.5% vs 12% and 6.6% vs 10%,
respectively). Case identification of hypertension and dia-
betes mellitus depended on definitions that had been val-
idated in other primary care databases and required only
minor adaptations in the FIRE primary care database [25,
50]. Substantial underestimation appeared in obesity where
case definitions are known to lack sensitivity (p = 5.2% vs
15%) [51]. On the other hand, we also found several high-
er prevalence estimates compared to Excoffier et al., most
notably of chronic pain (20.2% vs 9%). Interestingly, sim-
ilar primary care database-based studies also estimated the
prevalence of chronic pain to be about 20%, potentially an
indication of a systematic error inherent in case definitions
for chronic pain [52-54].

Lastly, compared with another study by Tomonaga et al.
in Swiss general practice, the prevalence of chronic kidney
disease in our study was rather low (p = 2.5% vs 18%)
[55]. Given this discrepancy, our case definition (which de-
pends exclusively on laboratory test results) appears to suf-
fer from poor sensitivity.

While the accuracy of prevalence estimates is questionable
for most chronic conditions, our results mirrored known
demographic patterns with remarkable precision. First,
most prevalence estimates increased with age with the ex-
pected exception of migraine which is known to remit in
the sixth decade, exactly as seen in our results [56]. And
second, all sex differences in our study were consistent
with prior knowledge (i.e. higher prevalence among fe-
males of chronic pain [57], mental disorders [foremost de-
pression] [58], osteoarthritis [59], thyroid disorders [60],
irritable bowel syndrome [61], migraine [62] and osteo-
porosis [63]; and higher prevalence among males of hyper-
tension [64], dyslipidaemia [65], obstructive arteriosclerot-
ic disease [66], diabetes mellitus [67] and gout [68]).

Assuming that the prevalence of frequent chronic diseases
is distributed similarly among general practitioners in real

Swiss Med Wkly. 2023;153:40107

life, between-general practitioner-dispersion of preva-
lences as estimated in our study is another method for as-
sessing plausibility of results and understanding method-
ological implications and risks of bias. In this respect, it
is worth noting that the identification of frequent chronic
conditions with the highest prevalence variabilities among
general practitioners in our study (chronic kidney disease
[gcod = 0.76], cancer [0.70] and obesity [0.59]) depended
on case definitions that did not — or not predominantly —
exploit the EMR-C MED. This observation suggests that
well known variabilities between general practitioners in
laboratory testing and documentation practice may trans-
late into biased prevalence estimates in primary care data-
base-based research [69-70]. In this context, the EMR-
C MED may act as a moderator, provided that there is
less dispersion among general practitioners in drug pre-
scribing than in other activities reflected in EMR-Cs. This
might not be the case for the prescription of pain medica-
tion or proton pump inhibitors, which are themselves sub-
ject to significant between-general practitioner variation in
Switzerland [71-72]. Therefore, prevalence estimates of
chronic pain and acidity-related stomach problems as mea-
sured in our study may have suffered from this source of
bias.

Strengths and limitations

Our study advances understanding of using multiple EMR-
Cs for case identification of chronic diseases in primary
care databases. Our detailed analysis of the contributions
of different EMR-Cs to case identification and of their rel-
ative importances for prevalence estimation may serve re-
searchers as a look-up document for planning, implement-
ing and evaluating similar approaches in other primary
care databases, and for the critical appraisal of prevalence
estimates gained from primary care databases using similar
methods.

The main limitation of this study was the validation of
case definitions: since anonymisation and ethical restric-
tions precluded manual review of the electronic medical
records, the accuracy of our case definitions remains spec-
ulative. This applies even to case definitions validated in
other primary care databases because documentation, data
transfer and storage in the FIRE primary care database
might differ from those of other primary care databases,
and validation studies are not necessarily transferable. In
the context of increasingly widespread research with big
datasets, methods to explore and unravel specific areas of
concern — as demonstrated in this article — are of grow-
ing importance. Newly introduced methodology intended
to increase accuracy (such as the concept of permanent and
reversible chronic diseases) has yet to be validated and can
probably be improved. Our case definitions, however, are
easy to replicate and implement in other primary care data-
bases, which should facilitate future validation and optimi-
sation.

Conclusions

Our analysis of the relative importances of commonly used
EMR-Cs for case identification and of the resulting preva-
lence estimates has provided new insights into the
strengths and weaknesses of case definitions applied to the
FIRE primary care database. By far, most cases of chron-
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ic conditions were identified via medication data, but clin-
ical or laboratory parameters as well as ICPC-2 coded rea-
sons for encounters were important for the identification
of a subset of chronic conditions. The combination of all
EMR-Cs produced a spectrum of prevalence estimates of
varying concordance with external data but often underes-
timating presumed chronic condition prevalences in gener-
al practice. While sensitivity was the principal limitation to
accuracy, our results matched known sex- and age-specif-
ic prevalence patterns, which points to the potential of the
FIRE primary care database for the study of epidemiologi-
cal trends of the more common chronic conditions consid-
ered in this study.

Availability of data and materials

The dataset analysed in the current study is not publicly
available for reasons of data protection but is available
from the corresponding author on reasonable request, as is
all statistical code.
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Appendix

Supplementary table 1: Case definition rules

Case definition rules for chronic conditions

Abbreviations:

ICPC-2%: International Classification of Primary Care 2nd edition
ATC?: Anatomical chemical therapeutic codes

GTIN3: Global Trade Item Number

PCG*: Pharmaceutical cost groups

GFR: Glomerular filtration rate

Explanations:

Overarching concept determines whether and which chronic conditions have been aggregated in this case definition

Disease permanence determines whether a chronic condition is permanent or reversible. Reversible chronic conditions are only identified if according case defining
information appeared within 6 months prior to the measurement in this study. Permanent chronic conditions are identified without restriction during the total available
observation time.

References

1) Classification Committee of the World Organization of Family Doctors (WICC). ICPC-2: International Classification of Primary Care (1997). Oxford University Press.

2) WHO Collaborating Centre for Drug Statistics Methodology, Guidelines for ATC classification and DDD assignment, 2021. Oslo.

3) https://www.gs1.org/

4) Huber CA, et al. Identifying patients with chronic conditions using pharmacy data in Switzerland: an updated mapping approach to the classification of medications. BMC
public health. 2013;13(1):1030.

EMR-C criteria for case identification

Number Chronic Condition Disease Medication Clinical or laboratory parameters Reasons for encounters (ICPC-2
(overarching concept) permanence (ATC codes or GTIN specified by codes)
Swiss PCG)
1 Hypertension permanent PCG: Hypertonie two elevated BP measurements at | K85 or K86 or K87
an interval of >= 1 week and <=6
months
where
elevated = (syst >= 140 mmHg or
diast >= 90 mmHg)
or
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one extreme BP measurement
where

extreme = (syst >= 180 mmHg or
diast >= 110 mmHg)

2 Chronic pain reversible ATC = MO1A or NO2A or N0O2B A01

3 Dyslipidemia permanent ATC= C10 two measurements of: T93

triglyceride > 1.7 mmol/I

or

total cholesterol > 4.9 mmol/I

or

LDL-cholesterol > 3 mmol/I

or

(sex=female and HDL-cholesterol <
1.2 mmol/l)

or

(sex=male and HDL-cholesterol <1
mmol/I)

4 Acidity related stomach reversible ATC = AO2A or AO2BA or A02BC D07 or D86 or D03 or D85
problems

5 Mental disorder (including reversible ATC = NO5A or NO5B or NO6A P72 or P73 or P74 or P75 or P79 or
depressive, psychotic, and P82 or P98
anxiety disorder)

6 Obstructive atherosclerotic permanent ATC = BO1ACO4 or BO1ACO6 or K74 or K75 or K76 or K89 or K90 or
disease (including coronary, BO1ACO7 or BO1AC22 or BO1AC24 K91 or K92
cerebral or peripheral arteries) or BO1AC25 or BO1AC56

7 Obstructive lung disease permanent ATC = RO3 R95 or R96 or R79
(including asthma, COPD, and
chronic bronchitis)

8 Diabetes mellitus (including reversible ATC = A10 and ATC # A10BJ Diabetes: 2 consecutive HbAlc>= | T89 or T90
insulin dependent and non 6.5
insulin depentent) Non-Diabetes: 2 consecutive

HbAlc < 6.5 and neither ICPC nor
ATC
first date of these two is start/stop
date.
9 Osteoarthritis permanent ATC = MO1AX25 or MO9AX01 L89 or L90 or L91
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arrhythmias or congestive
disease)

C01BC04 or CO1BDO1 or CO1BDO7

10 Obesity reversible ATC = AOSAB one measurement of BMI >= 30 T82
11 Chronic constipation reversible ATC = AO6A and ATC # AO6AX04 D12
12 Thyroid disease reversible ATC = HO3 two measurements of TSH < 0.4 or | T85 or T86
TSH>4
13 Benign prostatic hyperplasia permanent ATC = G04C Y85
14 Chronic kidney disease permanent two decreased GFR measurements
at an interval of >3 months and <
2 years
where
decreased = (GFR < 60 ml/min)
15 Irritable bowel syndrome permanent ATC = AO6AX04 or AO3AAQ5 D93
or (GTIN = 7680478270438 or
7680478270513 or
7680478270780 or
7680006750012 or
7680006770010 or
7680301970115 or
7680301970382)
16 Migraine permanent ATC =NO02C N89
17 Gout permanent ATC = MO4A T92
18 Dementia permanent ATC = NO6D P70
19 Osteoporosis permanent ATC = MO5BA or MO5BB or L95
MO5BX06 or
A14AB01 and ATC # MO5BA0S8
20 Epilepsy permanent PCG: Epilepsie N88
21 Heart disease (including permanent ATC = CO1AAO05 or CO1BCO3 or K77 or K78
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22 Cancer reversible PCG: Hormonsensitive Tumore or A79 or B72 or B73 or B74 or B75 or
Krebs or D74 or D75 or D76 or D77 or D78
Krebs komplex or F74 or H75 or K72 or L71 or N74
or N75 or N76 or R84 or R85 or
R86 or R92 or S77 or S78 or S79 or
T710rT72 0or T73 or U75 or U76 or
U77 or U78 or U79 or W72 or W73
or X75 or X76 or X77 or X78 or X79
or X80 or X81 or Y77 or Y78 or Y79
23 Parkinson’s disease permanent ATC = N0O4 N87
24 Glaucoma reversible ATC =SO1E F93
25 Autoimmune rheumatic Permanent PCG Rheuma and ATC # AO7ECO01 L88
diseases (including
rheumatoid arthritis)
26 Urinary incontinence reversible ATC = G04BD uo4
27 Inflammatory bowel disease permanent ATC = AO7ECO1 or AO7EC02 D94
or AO7EA06 or GTIN =
7680153030265 and drug name #
JORVEZA and # ASAZINE
28 HIV/AIDS permanent PCG = HIV/AIDS B90
29 Liver disease permanent D97
30 Multiple sclerosis permanent PCG: Krankheiten des Gehirns oder N86
des Rickenmarks: Multiple
Sklerose
31 Medication/drug abuse reversible ATC = NO7BC P18 or P19
32 Anorexia/bulimia nervosa permanent one measurement of BMI <= 17 P86
when age <= 30
33 Psoriasis permanent S91
34 Viral hepatitis reversible ATC =JO5AB04 or JO5AF1[013] or D72
JOSAP
or LO3AB11 or GTIN =
7680548680143 or
7680548680228 or
7680548690104
35 Macular degeneration permanent ATC =SO1LA F84
36 Alcohol abuse reversible ATC = NO7BB and ATC # NO7BB04 P15
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37 Presbyacusis/deafness permanent H84 or H86
38 Chronic cutaneous ulcer reversible S97
39 Secondary effect of trauma reversible A82
40 Bowel incontinence reversible D17
41 Retinopathy permanent F83
42 Blindness permanent Fo4
43 Pulmonary heart disease permanent PCG: Pulmonale (arterielle) K82
Hypertonie
44 Poliomyelitis permanent N70
45 Trigeminal neuralgia reversible N92
46 Peripheral reversible N94
neuritis/neuropathy
47 Learning disability permanent P24
48 Personality disorder permanent P80
49 Intellectual disability permanent P85
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Supplementary figure 1: Study flowchart

Practice level
Practices in the FIRE database (# = 179)

Inclusion criteria
- Each medication prescribed in (or related to) a consultation in 2019 was exported with both a start date and an end date

Practices excluded
P - No medication data exported in 2019 (# = 5)
- Exported data not including start and end date (# = 121)

\ 4
Practices included
(# =53)
GP level

GPs queried (# = 128)

Inclusion criteria

- All GPs
> GPs excluded
- None
\4
GPs included
(#=128)
Patient level

Patients queried (# = 270’002)

Inclusion criteria
- Age 18-99 years
- At least one consultation in 2019

Patients excluded
P - Age < 18 or > 99 years (# = 0)
- No consultations in 2019 (# = 149’394)

Patients included
(N = 120'608)

Case definitions for 49 chronic conditions '

Patients with chronic conditions identified (# = 66’702)

Cases of chronic conditions identified (n = 185’535)
Identification based on
- Medication prescriptions (n = 161°653)
- Clinical or laboratory parameters (n = 40’965)
- ICPC-2 coded reasons for encounters (n = 35’773)
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Supplementary table 2: Case numbers, prevalence estimates (based on N =120’608 patients), and EMR-C

importance metrics

Chronic condition Case numbers Prevalence
estimate MED

m / r mi mr Ir mir n p (%) Cl (%) c (%) C. (%)
Any chronic disease 12125212764 | 8806 | 15746 |14512| 231210143 185535 553 55.0-55.6 87.1 65.4
Hypertension 10312 2706 299| 9967 | 2005 745 7161 33195 27.5 27.3-27.8 88.7 31.1
Chronic pain 24046 0 63 0 227 0 0| 24336 20.2) 20.0-20.4 99.7 98.8
Dyslipidemia 9941 882| 839 2180 1663| 158 631 16294 13.5| 13.3-13.7 88.5 61.0
Acidity related stomach problems 14380 0| 106 0 405 0 0 14891 12,3 12.2-12.5 99.3 96.6
Mental disorder® 11059 0] 137 0| 1116 0 0 12312 10.2 10.0-10.4 98.9 89.8
Obstructive atherosclerotic disease” 9474 0] 301 0 2166 0 0 11941 9.80| 9.73-10.1 97.5 79.3
Obstructive lung disease® 8857 0| 236 0| 2041 0 0 11134 9.23 9.07-9.40 979 79.5
Diabetes mellitus 1585, 1102 241| 2325 481, 105 2098 7937 6.58 6.44-6.72 81.8 20.0
Obesity 28| 4675 229 53 211279 35 6301 5.22| 5.10-5.35 1.87 0.44
Osteoarthritis 4213 01365 0 680 0 0 6258 5.19 5.07-5.32 78.2 67.3
Chronic constipation 4635 0 37 0 287 0 0 4959 4.11 4.00-4.22 99.3 93.5
Thyroid disease 2414 192 59| 1221 437 15 218 4556 3.78| 3.67-3.88 94.2 53.0
Benign prostatic hyperplasia 37186 0| 232 ] a17 0 0 4385 3.62| 3.562-3.73 94.7 85.1
Chronic kidney disease 0 3011 o] 0 0 0 0 3011 2.50 2.41-2.59 0 0
Imitable bowel syndrome 2382 0] 138 0 106 0 0 2626 218 2.10-2.28 94.7 90.7
Migraine 1841 0| 222 0 293 0 0 2356 1.85 1.88-2.03 90.6 78.1
Gout 1686 0| 264 0 345 0 0 2295 1.0, 1.83-1.98 88.5 73.5
Dementia 1821 0] 192 0 186 0 0 2199 1.82 1.75-1.90 91.3 82.8
Osteoporosis 982 0| 376 0 446 0 0 1804 1.50) 1.43-1.57 79.2 54.4
Epilepsy 1571 0 24 0 185 0 0 1780 1.48 1.41-1.54 98.7 88.3
Heart disease’ 746 0| 644 0 126 0 0 1516 1.26| 1.20-1.32 57.5 49.2
Cancer 468 0| 868 o 114 0 0 1450 1.20| 1.14-1.26 40.1 32.3
Parkinson's disease 1249 0 10 0 117 0 0 1376 1.14| 1.08-1.20 99.3 90.8
Glaucoma 978 0 17 0 61 0 0 1056 0.88| 0.83-0.93 98.4 92.6
Autoimmune rheumatic diseases 729 0] 130 0 158 0 0 1017 0.84 0.79-0.90 872 717
Urinary incontinence 818 0 30 0 29 0 0 877 0.73 0.68-0.78 96.6 93.3
Inflammatory bowel disease 595 0| 49 0 97 0 0 741 0.61 0.57-0.68 93.4 80.3
HIV/AIDS 320 0 4 0 193 0 0 517 0.43 0.39-0.47 el L e
Liver disease 0 0| 512 0 0 0 0 512 042 0.39-0.46 0 0
Multiple sclerosis 179 0 41 0 51 0 0 271 0.22| 0.20-0.25 84.9 66.1
Medication/drug abuse 104 af 127 0 39 0 0 270 0.22 0.20-0.25 53.0 385
Presbyacusis/deafness 0 0| 245 0 0 0 0 245 0.20) 0.18-0.23 0 0
Psoriasis 0 0| 242 0 0 0 0 242 0.20| 0.18-0.23 0 0
Ancrexia/bulimia nervosa 0 198 19 0 ol 10 0 225 0.19 0.16-0.21 0 0
Alcohol abuse 45 0| 104 0 27 0 0 176 0.15 0.13-0.17 409 256
Macular degeneration 28 0 86 0 2 0 0 96 0.08 0.07-0.10 313 29.2
Peripheral neuritis/neuropathy 0 0 86 0 0 0 0 86 0.07| 0.06-0.08 0 0
Viral hepatitis 26 0 36 0 5 0 0 67 0.06 0.04-0.07 46.3  38.8
Personality disorder 0 0 59 0 0 0 0 59 0.05 0.04-0.08 0 0
Pulmonary heart disease 24 ol 18 0 5 0 0 47 0.04 0.03-0.05 617 511
Retinopathy 0 0] 39 0 0 0 0 39 0.03 0.02-0.04 0 0
Chranic skin ulcer 0 0 3z 0 0 0 0 32 0.03 0.02-0.04 0 0
Intellectual disability 0 0] 21 0 0 0 0 21 0.02 0.01-0.03 0 0
Blindness 0 0] 13 0 0 0 0 13 0.01 0.01-0.02 0 0
Trigeminal neuralgia 0 0 11 0 0 0 0 11 0.01 0.01-0.02 0 0
Leaming disability 0 0 9 0 0 0 0 9 0.01 0.00-0.01 0 0
Secondary effect of trauma 0 0 5 0 0 0 0 5 0.00 0.00-0.01 0 0
Poliomyelitis 0 0 5 Q 0] 0 0 5 0.00| 0.00-0.01 0 0
Bowel incontinence 0 0 4 0 0 0 0 4 0.00 0.00-0.01 0 0

Importance metrics

CLP RFE

c (%) Ce (%) c (%) c. (%)

221 6.88 19.3

62.0 8.15 30.8
0 0 1.19
23.6 5.41 20.2
0 0 3.43
0 0 10.2
0 0 20.7
0 0 20.5
70.9 13.9 36.9
95.9 74.2 24.5
0 0 32.7
0 0 6.53
36.1 4.21 16.0
0 0 14.9

o
o
o
(=
(=]

9.29
219
26.5
17.2
45.6
1.7
50.8
67.7
9.23
7.39
28.3
6.73
19.7
38.1

100
33.9
61.5

100

100

ol © O 0 O OO0 ©C O O ©C O O o O O o O

=)
=

12.9
74.4
70.8
100
61.2
100
48.9
100
100
100
100
100
100
100
100
100

o o O o 0o O o 0O O o O O o O O

Case numbers m, I, r, ml, mr, Ir, mir and prevalence p, relative contribution c and relative exclusive contribution c. as defined in

the methods section (Figure 1). CI: 95% Wilson confidence interval.

2 including depression, psychotic disorders, and anxiety disorders

bincluding coronary, cerebral, and peripheral arteries

¢including asthma, chronic obstructive pulmonary disease, and chronic bronchitis
dincluding arrhythmias and congestive heart disease
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475

0.90
0.26
5.16
0.71
1.11
2.52
2.12
3.04
3.63
21.8
0.75
1.29
5.32

5.26
9.42
11.5
8.73
20.8
1.35
42.5
59.9
0.73
1.61
12.8
3.42
6.61
0.77
100
151
47.0
100
100
8.44
59.1
68.8
100
53.7
100
38.3
100
100
100
100
100
100
100
100
100



Supplementary table 3: Prevalence estimates by sex and age group (based on N =120°608 patients), and variability

of overall prevalence estimates over GPs

Chronic condition

18-40 years

f m

All chronic diseases 32.4 29.8
Hypertension 2.46 4.17
Chronic pain 12.3 10.4
Dyslipidemia 0.50 0.92
Acidity related stomach problems 4.37 4.53
Mental disorder® 526 4.25
Obstructive atherosclerotic dissase” 0.25 0.29
Obstructive lung disease’ 7.23| 6.51
Diabetes mellitus 1.03 1.07
Obesity 247 3.84
Osteoarthritis 039 042
Chronic constipation 1.75 1.08
Thyroid disease 2.55 0.42
Benign prostatic hyperplasia 0.05 0.41
Chronic kidney disease 0.03 0.06
Irritable bowel syndrome 2.10 1.08
Migraine 2.96 0.90
Gout 0.04 0.30
Dementia 020 0.18
Osteoporosis 0.07 0.04
Epilepsy 1.07 0.87
Heart disease” 0.01| 0.05
Cancer 030 0.20
Parkinson's disease 0.08 0.13
Glaucoma 0.02 0.04
Autoimmune rheumatic diseases 0.39 0.12
Urinary incontinence 0.15 0.15
Inflammatory bowel disease 0.36 0.40
HIV/AIDS 0.15, 0.38
Liver disease 0.06 0.28
Multiple sclerosis 0.31 0.10
Medication/drug abuse 0.11 0.27
Presbyacusis/deafness 0.03 o
Psoriasis 0.10 0.14
Anorexia’bulimia nervosa 069 0.38
Alcohol abuse 0.01 0.04
Macular degeneration - -
Peripheral neuritis/neuropathy 0.02 0.02
Viral hepatitis 0.02| 0.06
Personality disorder 0.05 0.04
Pulmonary heart disease 0.00 0.01
Retinopathy 0.00 0.01
Chronic skin ulcer - 0.01
Intellectual disability 0.01 0.03
Blindness 0.00 =
Trigeminal neuralgia - 0.01
Leaming disability 0.01 0.02

Secondary effect of trauma - -
Poliomyelitis = -

Bowel incontinence - -

ad 35 in Supplementary table 2

Prevalence estimates p (%)

41-64 years
f m
56.5 58.3
20.1 28.8
23.0 177
6.90 14.9
125/ 123
13.3| 8.81
3.09 8.24
9.52 8.74
420 7.40
519 6.76
5,57 3.59
3.69 2.19
6.20 1.26
0.09 4.52
0.41 0.40
2.81 1.55
4.09 1.08
0.28 242
0.84  0.51
1.16 0.27
152 1.47
0.21 0.71
118 0.86
0.81 0.57
0.43 0.36
1.08) 0.59
0.54 0.35
0.66 0.76
0.48 1.08
0.40 0.71
0.49 0.17
0.26 0.46
0.07  0.07
017 0.28
0.04 0.00
017 0.32
0.03 0.00
0.06 0.05
0.06 0.12
0.07  0.06
0.02 0.01
0.01 0.03
0.000 0.01
0.01 0.03
0.01 0.00
0.000 0.01
0.000 0.01

65-80 years
f m
77.8 805
524 60.2
321 24.0
26.8 39.0
216 204
16.9  9.30
174  29.8
12.3 12.1
109 16.8
710 7.93
13.6.  9.31
7.30 5.73
9.25 263
0.10 18.7
4.88 4.80
3.80 1.84
1.84 0.71
1.67 7.27
3.60 273
5.98 0.85
1.88 191
1.92 3.23
2.26 252
2.54 2.01
232 197
1.86  1.26
1.58 1.29
0.88 0.62
0.04  0.31
0.45 0.78
0.17  0.05
0.10 0.08
0.35 055
0.25 037
0.02 -
0.09 0.30
0.11 0.12
0.09 0.22
0.01 0.07
0.02  0.05
0.12  0.10
0.03  0.09
0.04 0.06
0.02  0.01
0.03  0.02
0.01 0.02
0.01 -
0.02  0.01
0.01 -

81-99 years
f m
822 822
68.1 67.3
387 275
25.8 36.4
229 204
240 136
32,7 39.8
11.0 12.7
12.8| 175
4.28 457
12.3] 9.90
15.7 12.1
9.14. 391
0.31 25.9
16.8| 15.9
3.31 1.68
049 0.21
3.28 8.87
11.5| 9.03
8.61 1.71
2.08 273
6.45  7.27
2.15 4.20
4.87 4.17
3.84 265
1.67| 1.05
277 231
0.95 0.45
0.02, 0.13
0.34 0.45
0.07 0.05
0.03 0.05
0.85 1.18
0.13, 0.18
- 0.0
0.75 0.39
0.13, 0.26
0.05 -
0.10, 0.08
0.13, 0.16
0.16, 0.10
- 0.03
0.08 0.03
0.02. 0.05
0.02, 0.03
0.05 -

Variability over GPs
(of unstratified prevalences in %)
Gops median  qgozs  gcod

47.2 56.4 65.5 0.16

19.6 27.7 33.7 0.27
15.0 19.2 26.7 0.28
8.24 121 17.2 0.35
8.75 11.9 15.5 0.28
7.84 10.0 12.4 0.23
5.89 8.84 12.9 0.37
6.21 8.42 11.5 0.30
4.19 5.93 7.91 0.31
1.95 3.59 7.60 0.59
2.15 3.44 7.04 0.53
2.44 3.94 5.51 0.39
2.89 3.81 4.63 0.23
1.81 2.83 4.62 0.44
0.53 2.04 3.84 0.76
0.84 1.66 2.97 0.56
1.06 1.93 2.60 0.42
0.91 1.52 2.45 0.46
0.73 1.45 2.79 0.59
0.54 1.04 2.03 0.58
0.90 1.47 2.05 0.39
0.35 0.72 1.31 0.58
0.28 0.60 1.56 0.70
0.55 1.00 1.48 0.46
0.35 0.81 1.28 0.57
0.41 0.69 1.1 0.46
0.33 0.61 0.92 0.47
0.29 0.54 0.85 0.49

0 0.08 0.18 1
0 0 0.24 1
0 0.17 0.33 1
0 0.09 0.20 1
0 0 0 -
0 0 0.14 1
0 0.09 0.26 1
0 0 0.26 1
0 0 0.09 1
0 0 0 -
0 ] 0.07 1
0 0 0 -
0 0 0 -
0 0 0 -
0 0 0 -
0 0 0 -
0 0 0 -
0 0 0 -
0 0 0 -
0 0 0 -
0 0 0 -
0 0 0 -
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