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Introduction: The global health burden of chronic kidney disease (CKD) results
from both the disease itself and the numerous health problems associated with
it. The aim of this study was to estimate the prevalence of previously undetected
CKD in middle-aged patients with risk factors for CKD. Identified patients
were included in the Styrian nephrology awareness program “kidney.care
2.0" and data on their demographics, risk factors and kidney function were
described.

Methods: Cross-sectional analysis of baseline data derived from the "kidney.care
2.0" study of 40-65 year old patients with at least one risk factor for CKD
(hypertension, diabetes, cardiovascular disease, obesity or family history of
end-stage kidney disease). Participants were considered to have previously
undetected CKD if their estimated glomular filtration rate (eGFR) was less
than 60 ml/min/1.73 m? and/or albumin creatinine ratio (ACR) > 30 mg/g.
We calculated the prevalence of previously undetected CKD and performed
multivariate analyses.

Results: A total of 749 participants were included in this analysis. The prevalence
of previously undetected CKD in an at-risk population was estimated at 20.1%
(95%Cl: 17.1-23.6). Multivariable analysis showed age (OR 1.06, 95%Cl: 1.02-
1.09), diabetes mellitus (OR 1.65, 95%Cl: 1.12-2.30) and obesity (OR: 1.55, 95%Cl:
1.04-2.30) to be independent predictors of CKD. The majority of patients with
previously undetected CKD had category A2-A3 albuminuria (121 out of 150).
Most patients with previously undetected eGFR < 60 ml/min/1.73 m2 were in
stage G3 (36 out of 39 patients).
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Discussion: Pragmatic, targeted, risk-based screening for CKD in primary
care successfully identified a significant number of middle-aged patients with
previously undetected CKD and addressed the problem of these patients being
overlooked for future optimized care. The intervention may slow progression to
kidney failure and prevent related cardiovascular events.
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Introduction

The global health burden of chronic kidney disease (CKD)
results from both the disease itself and the numerous health
problems including cardiovascular issues that are associated with it
(1-3). Almost one billion people worldwide (4) suffer from kidney
disease, with prevalence across the world varying from around
3 to 18%, depending on country (5, 6). Many risk factors such
as diabetes, hypertension, and obesity (7, 8) are associated with
increased prevalence of CKD (9, 10) as is multimorbidity (9, 11).

Not only is early-stage CKD often asymptomatic (12), but
despite laboratory evidence it frequently remains undiagnosed (13-
15). In a large study of the digital health records of millions of
patients, two-thirds of patients whose laboratory data indicated
the presence of CKD had not been diagnosed as having the
disease (13). Based on digital records from five countries, Tangri
et al. demonstrated that most cases of stage G3 CKD (estimated
glomular filtration rate (eGFR) > 30 and < 60 ml/min/1.73
m?) are not diagnosed and lack an International Classification of
Diseases (ICD) 9/10 diagnosis code, despite the documentation
of reduced GFR in patients’ records (14). Clinical data from a
huge population-based cohort conducted as part of the Study
of Health in Pomerania (SHIP-START) showed that only 5% of
patients had an ICD code for a diagnosis of CKD although 20%
had an eGFR < 60 ml/min/1.73 m? 60 or albuminuria > 30 mg/gl
(15). In a systematic review from 2020, Neale et al. (16) explain
that a lack of ICD coding does not necessarily mean CDK is not
noticed and provide a number of reasons for it. These include
CKD not being the main medical problem, combined with a
lack of time, limited access to specialist nephrologists, software
systems that do not automatically flag abnormal results, fear of
frightening patients by diagnosing such an illness, and concerns
about stigmatization. Last but not least, diagnostic challenges may
further result from unclear definitions of CKD and consequent
dissatisfaction with CKD guidelines (16). An analysis by Friedl
et al. (17), which compared routine laboratory parameters with
the actual documentation of ICD-10 diagnoses of CKD in patients’
discharge reports, also showed that CKD often goes undetected,
even in a hospital setting (17). Another study that evaluated over
9,000 patients in a primary care setting showed that > 50 % of CKD
stage G3-5 patients were not diagnosed with CKD and received
a lower level of care than patients that had been diagnosed with
CKD (18). Most people with mild CKD presented in primary care
practices, and in several countries initiatives aimed at improving
the identification and management of CKD already exist (19-22).
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Beneficial screening programs should do more good than harm
(23). For CKD, many bodies such as NICE (24), the American
College of Physicians (ACP) (25), the US Preventive Service Task
Force (USPSTF) (26) and the Agency of Healthcare Research and
Quality (27) have recommended against population-wide screening
due to concerns about overdiagnosis, unnecessary treatment of
normal age-related decline in kidney function, a high number of
tests associated with further event-related diagnostic investigations,
and excessive cost. In 2021, the conclusions of the Kidney Disease:
Improving Global Outcomes (KDIGO) controversies conference
were published, which recommended CKD screening coupled with
risk stratification in a primary or community care setting, followed
by immediate treatment for high-risk individuals (28). The
procedure of filtering out high-risk patients prior to conducting
laboratory tests has been evaluated in several studies over the past
20 years (19, 21, 29). It has also recently been carried out in the
Pan-Canadian See Kidney Disease (SeeKD) Targeted Screening
Program, in which patients with at least one risk factor underwent
laboratory tests and were provided with subsequent information
and tailored treatment (20).

In Austria, the nephrology awareness program “niere.schiitzen”
(“kidney.care”) was launched in a primary care setting in the state of
Styria for people at risk of kidney failure (30). General practitioners
(GPs) were routinely provided with evidence-based information
materials on diagnosis, treatment and referral procedures, but only
a minority of GPs participated in the awareness program. The
opinions of Styrian GPs were evaluated and several factors aimed
at increasing its attractiveness were identified. These included
further education for doctors, the need for more contacts among
nephrologists, and financial incentives for carrying out laboratory
tests (31). At the same time, we searched for existing international
nephrological screening and support programs in order to identify
further evaluation parameters and screening concepts (32). Finally,
in January 2021, we launched “niere.schiitzen 2.0” (“kidney.care
2.0”), with the aim of not only raising awareness among GPs,
but enhancing communication between GPs and nephrologists,
improving patient education, and estimating the prevalence of
CKD in a risk population (33). In line with recommendations on
program evaluation, we conducted patient-centered labeling (34).

The primary objective of the study described in this manuscript
was to estimate the prevalence of previously undetected CKD
in middle-aged patients with risk factors for CKD (Table 1).
Our secondary aim was to classify participants in the Styrian
nephrology awareness program “kidney.care 2.0” in terms of their
demographics, risk factors and kidney function.
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TABLE 1 Risk factors for CKD according to the “kidney.care” program.

Arterial hypertension (documented diagnosis of hypertension for at least 3
months, defined as systolic blood pressure > 140 or diastolic blood
pressure > 90 mmHg)

Diabetes mellitus (defined as type 1 and type 2)
Obesity (defined as body mass index > 30 kg/m?)

History of cardiovascular diseases (stroke, transient ischemic attack (TIA),

coronary heart disease, peripheral arterial disease)

End-stage kidney disease in the family (family defined as children, parents and
siblings)

2 Materials and methods

2.1 Study design and outcomes

We conducted a cross-sectional analysis of baseline data from
the “kidney.care 2.0” study. Over a 24-month period lasting from
January 2021 to December 2022, GPs in Styria (Austria) screened
patients aged 40-65 years for the presence of at least one CKD risk
factor (Table 1). Each GP was expected to screen all at-risk patients
attending his or her practice over an 8-week period, which could be
extended if necessary in consultation with the study team, as was
frequently the case due to the COVID pandemic in 2020-2022 (34).

Inclusion criteria were men and women of all ethnic groups,
aged between 40 and 65 years, treated by a GP with a health
insurance contract, the provision of written consent to participate
in the study, and with at least one of the risk factors for CKD
(Table 1).

Patients were excluded if GPs' records showed they had a
prior diagnosis of CKD, they had previously participated in the
“kidney.care” program, had an eGFR lower than 15 ml/min/1.73
m?, had received a kidney transplant, dialysis or cancer treatment,
or had New York Heart Association (NYHA) heart failure > stage
II. Patients with a life expectancy of less than six months or who
were unable to provide informed consent according to their GP
were also excluded.

For this study, participants were diagnosed with CKD if
the laboratory results indicated a decrease in kidney function
(eGFR < 60 ml/min/1.73 m?) and/or evidence of kidney damage
(albumin creatinine ratio (ACR) > 30 mg/g). In the case of
initial kidney damage (ACR > 30 mg/g), a second ACR was
assessed within three months and CKD was diagnosed only if an
albuminuria test was positive.

The primary outcome, based on a descriptive analysis
of the baseline data of the “kidney.care 2.0” study, was
the prevalence of previously undetected CKD in middle-
primary The

characteristics, factors,

aged at-risk patients in care practices.

participants’  demographic risk

laboratory results and concomitant medication served as
secondary outcomes.

The Ethics
Committee of the Medical University of Graz (reference
32-554 ex 19/20) and registered with the German Clinical
(registration number DRKS00022966). The

patients/participants provided their written informed consent to

study protocol was approved by the

Trials Register

participate in this study.
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2.2 Recruitment and screening

To achieve the required number of 30 to 40 collaborating GPs, a
variety of recruitment strategies were developed and implemented
between January 2021 and December 2022. Participating GPs were
asked to consecutively screen patients aged 40-65 with the defined
risk factors that presented to the practice during an eight-week
period (to avoid selection bias) and satisfied all other eligibility
criteria. Recruitment at each individual practice ceased when 24-40
eligible patients had agreed and provided written informed consent
to participate in the “kidney.care 2.0 study”. If necessary, it was
possible to extend the eight-week period in consultation with the
study team, provided that it ended no later than December 31, 2022.
For further details see Supplementary Table 1.

2.3 Data collection and patient
management

Eligible patients that had provided their written informed
consent attended an initial baseline visit at which the study was
explained to them. At the baseline visit, blood and urine samples
were collected, sent for laboratory testing and analyzed in seven
laboratories that used isotope dilution mass spectrometry (IDMS)
to measure serum creatinine (35). The eGFR was then reported
using the CKD Epidemiology Collaboration (CKD-EPI) equation
(36), and ACR was assessed. In accordance with guidelines, the
eGFR values were rounded to the nearest whole number for
categorization (37).

Based on the Kidney Failure Risk Equation (38), we developed
an adapted and slightly simplified kidney-care referral schema
(Figure 1) which was piloted with GPs and nephrologists from
the Division of Nephrology, Medical University of Graz for
practicability and comprehensibility (30). Prior to participation
in our “kidney.care 2.0” program all GPs participated in a
short training course and were provided with guidance materials
for treatment and further management in accordance with the
Clinical Practice Guideline for the Evaluation and Management
of Chronic Kidney Disease (KDIGO) (37). In addition, we
set up a “progression outpatient clinic’ at the Division of
Nephrology, Medical University of Graz, to ensure that patients
could be referred there if necessary. Participating GPs also had the
opportunity to discuss treatment options with a nephrologist via a
dedicated “telephone hotline”.

After 12 months, all patients, irrespective of whether they had
been diagnosed with CKD or not, were invited by their GP to a
follow-up consultation at their primary care practice to evaluate
changes in kidney function and the need for further management.

2.4 Sample size

Sample size considerations were made with respect to the
precision of the prevalence estimate. According to the literature
(39) and data from Austria (40), the prevalence of CKD in
the at-risk population is between 14% and 24%. Since patients
were recruited from different GPs practices, the precision of
the prevalence estimate was influenced by the design effect DE,
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FIGURE 1
Kidney-care referral schema.

whereby DE = 1 + (m - 1)*ICC and m is the average cluster size and
ICC the intraclass correlation coefficient. Assuming a comparable
prevalence in Styria, with a sample size of n = 1,000, an ICC of
0.01 and an average cluster size of m = 30 to m = 100 a prevalence
of 15% to 35% could be estimated with a 95% confidence interval
of £2.5t0 = 4.2.

2.5 Statistical methods

Continuous baseline variables were reported as median and
interquartile range or mean and standard deviation and categorical
variables were reported as absolute and relative numbers. The
prevalence of previously undetected CKD in the population at-risk
and the 95% confidence interval were estimated using a mixed-
effects logistic regression model (random effect: GP practice) based
on the available sample. To evaluate the effect of the primary
care practices, a sensitivity analysis was performed, excluding the
random effect primary care practices, by calculating the relative
proportion of affected individuals and the corresponding 95%
confidence intervals.

In addition to the primary outcome, the influence of baseline
characteristics on the presence of CKD was analyzed using logistic
regression (outcome: CKD yes/no). Primary care practice was
included in the models as a random effect. Variables with a p < 0.2
in univariable analyses were included in multivariable analyses.
Before entering in the final model these variables were tested
for multicollinearity. The resulting potential predictors for CKD
were entered in the final analysis. Backward selection was used to
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determine the final model with independent significant predictors.
All data management and analyses were performed using SAS
(version 9.4) and R (version 4.2.1).

3 Results

Between January 2021 and December 2022, 1,092 patients in
33 primary care practices were screened for eligibility (5 to 97 per
practice; median: 28). Of these, 339 could not be included (did
not fulfill inclusion criteria: n = 275, no informed consent: n = 53,
other reasons: n = 11) and no data were collected for a further four
patients. Overall, 749 patients (3 to 65 patients per practice, median:
23) were included in the analysis (Figure 2).

Mean age of analyzed patients was 56.2 + 6.4 years,
46.1% (n = 345) were female, and the most common risk
factors were arterial hypertension (77.3%) and obesity (52.5%).
Antihypertensives were the most frequently taken medications
(73.9%) (Table 2).

Overall, 150 at-risk patients fulfilled the criteria for CKD.
Mean age of these patients was 57.6 £ 5.9 years, 41.3% (n = 62)
were female, and the most common risk factors were arterial
hypertension (82.9%) and obesity (59.7%). Antihypertensives were
the most frequently taken medications (82.7%) (Supplementary
Table 2). An ACR > 30 mg/g (A2-A3) was detected in 121
patients and an eGFR < 60 ml/min/1.73 m? ( < G3) in 39.
EGFR was < 30 ml/min/1.73 m? in three patients and between
30 and 59 ml/min/1.73 m? (stage G3) in 36. Ten patients were
diagnosed with both albuminuria (A2-A3) and reduced kidney
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Assessed for

N
creening eligibility (n=1092)

e

Inclusion Included (n=753)

Excluded (n=339)
Inclusion criteria not fulfilled
(n=275)

Participation declined (n=53)
Other reasons (n=11)
No declaration of consent
(n=11)

4.|.

Patients analyzed

Baseline (n=749)

FIGURE 2
Patient flow chart.

function ( < G3). The prevalence of previously undetected CKD
in an at-risk population was estimated to be 20.1% (95% CI:
17.1-23.6). The estimated prevalence was highest in patients
with diabetes mellitus (25.6%, 95% CI: 20.0-32.0), followed by
patients with obesity (22.4%, 95%CI: 17.0-28.9), hypertension
(21.3%, 95% CIL 18.1-24.8) and
(20.0%, 95% CI: 13.6-28.5).

cardiovascular diseases

TABLE 2 Baseline characteristics.

Age 56.2 + 6.4
Sex Male 404 (53.9%)
Female 345 (46.1%)

Arterial hypertension No 167 (22.7%)
Yes 569 (77.3%)
Obesity No 343 (47.5%)
Yes 379 (52.5%)
Diabetes mellitus (Type 1 or Type 2) No 409 (55.3%)
Yes 331 (44.7%)
History of cardiovascular disease No 629 (85.1%)
Yes 110 (14.9%)
End-stage kidney disease in the family No 690 (95.4%)
Yes 33 (4.6%)
Antihypertensive drugs No 195 (26.1%)
Yes 551 (73.9%)
Other long-term medications® No 257 (34.8%)
Yes 482 (65.2%)
Statins No 441 (59.2%)
Yes 304 (40.8%)
Antidiabetic drugs No 460 (62.1%)
Yes 281 (37.9%)
Non-steroidal anti-rheumatic drugs No 648 (88.4%)
(NSAR)
Yes 85 (11.6%)

2“Other long-term medications™: Platelet aggregation inhibitors (TAH), anticoagulants,
proton pump inhibitors (PPI), psychotropic drugs, uricostatic drugs (allopurinol), GABA
analogue, morphine/opiate, vitamins/trace elements (calcium, iron, vitamin D, folic acid),
thyroid medication, bronchodilators, analgesics.
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No data (n=4)

Univariable predictors of CKD in an at-risk population
were higher age (Odds Ratio (OR): 1.05, 95%CI: 1.02-1.08,
p =0.003), diabetes mellitus (OR 1.83,95%CI: 1.27-2.64, p = 0.001),
antihypertensives (OR: 1.89, 95%CI 1.19-2.99, p = 0.007), statins
(OR: 1.49, 95%CI 1.04-2.14, p = 0.029), antidiabetics (OR: 1.87
95% CI 1.30-2.68, p = 0.001) and other long-term medications
(OR: 1.65, 95% CI: 1.11-2.47, 0.014) (Table 3). Other variables
with p < 0.2 were sex (higher risk for men), arterial hypertension
and obesity. Higher age (OR 1.06, 95%CI: 1.02-1.09), diabetes
mellitus (OR 1.65, 95% CI: 1.12-2.30) and obesity (OR: 1.55, 95%
CI: 1.04—2.30) turned out to be independent significant predictors
of previously undetected CKD in the multivariable analysis of the
at-risk population.

4 Discussion

4.1 Summary

The nephrology awareness study “kidney.care 2.0” included
749 Austrian patients between 40 and 65 years of age and with
one or more risk factors (hypertension, diabetes, cardiovascular
disease, obesity or family history of end-stage kidney disease).
The prevalence of previously undetected CKD was estimated at
20.1%. In a multivariate analysis, age, diabetes and obesity were
independent predictors of CKD. Albuminuria (A2-A3) was present
in the majority of patients with previously undetected CKD. Most
patients with previously undetected eGFR < 60 ml/min/1.73 m?
were in stage G3.

4.2 Comparison with existing literature

Our results confirm those of previous research that the
prevalence of CKD in patients with additional risk factors such as
arterial hypertension, diabetes, obesity, etc. (2, 5-8, 10, 13, 41-47)
is high. However, in our multivariate analysis, only age, diabetes
and obesity remained significant predictors. Although gender and
arterial hypertension were not predictive of CKD in our study of
over 700 patients, the odds ratios tended in the same direction as
previous prevalence studies involving high number of patients that
reported that female sex (6, 43, 44, 48, 49) and arterial hypertension
(5, 6, 10, 41, 43, 47, 50) were both predictive of CKD, e.g. the
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TABLE 3 Analysis of potential predictors of CKD in an at-risk population (uni- and multivariable results).

Univariable Multivariable

P-value OR (95%Cl) Sig. OR (95%Cl)
Age (years) 0.003 1.05 (1.02-1.08) 0.001 1.06 (1.02-1.09)
Sex (reference (ref.): male) 0.194 0.79 (0.55-1.13)
Arterial hypertension (ref.: no) 0.074 1.53 (0.96-2.46)
Obesity (BMI > 30 kg/m?) (ref.: no) 0.059 1.44 (0.99-2.09) 0.033 1.55 (1.04-2.30)
Diabetes mellitus (Type 1 or Type 2) (ref.: no) 0.001 1.83 (1.27-2.64) 0.012 1.65 (1.12-2.43)
History of cardiovascular disease (reference: no) 0.945 1.02 (0.61-1.69)
End-stage kidney disease in the family (ref.: no) 0.497 1.33(0.59-3.01)
Antihypertensive drugs 0.007 1.89 (1.19-2.99)
Other long-term medications 0.014 1.65 (1.11-2.47)
Statins 0.029 1.49 (1.04-2.14)
Antidiabetic drugs 0.001 1.87 (1.30-2.68)
Non-steroidal anti-rheumatic drugs (NSAR) 0.738 0.91 (0.51-1.61)

systematic analysis for the Global Burden of Disease Study (49)
or the National Health and Nutrition and the Examination Survey
(47). However, in the systematic review by Mills (51), there was
no difference in CKD prevalence between females and males in
younger age groups.

It is also unsurprising that age is an independent predictor of
CKD (5, 6, 43, 52, 53), as was also seen in our study population
of middle-aged patients. However, it should be taken into account
that a decline of 6-7 ml/min/1.73 m? per decade from of the age
of 35 to 40 years is part of normal ageing (54). It is therefore
understandable that some researchers recommend adjusting the
60 ml/min/1.73 m? threshold according to age (55, 56). For
example, in a UK study in which Shardlow et al. followed up
on 1,741 patients with mild (stage G3) CKD in 32 GP practices,
the majority had stable kidney function after 1 and 5 years, and
only a very small minority developed end-stage kidney disease,
with 18% showing a less severe progression after 5 years (57). The
authors concluded that the intervention should focus on slowing
the progression of CKD and reducing the number of cardiovascular
events in a small group of patients at high risk of adverse outcomes.
They therefore recommended an age-adjusted definition of CKD
to avoid considering a large group of people with age-related
decline in GFR as ill.

In our study population, obesity was an independent predictor
of CKD, which is in agreement with other studies (8, 50).
However, it remains unclear whether obesity in CKD patients is
also associated with future cardiovascular diseases. One systematic
review and meta-analysis of observational cohort studies and
randomized controlled trials that included over 27,000 individuals
without end-stage CKD provided evidence that obesity was not
significantly associated with cardiovascular events (2).

Diabetes is a major risk factor in the development of CKD (5,
6, 10, 41-43, 46, 48) and is the leading cause of end-stage kidney
disease (58). A recent study by Ohkuma showed that both decreases
in eGFR and increases in ACR over 2 years, were significantly
associated with a higher risk of myocardial infarction, stroke,
cardiovascular death, major kidney events and all-cause mortality
in patients with type 2 diabetes. The study results suggest that
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a combined assessment of clinically meaningful changes in both
eGFR and ACR improves the risk stratification of people with
type 2 diabetes with regard to their risk of experiencing major
cardiovascular and kidney events (59).

In the “kidney.care 2.0” study, albuminuria was present in
the majority of our patients with previously undetected CKD,
which agrees with the results of previous screening studies in
high-risk individuals (40-42). It is well known that predictive
models for end-stage kidney diseases are significantly limited by
a lack of external validity and efficacy (60). Nonetheless, the
classification into different stages provides helpful guidance and
supports communication with patients. In 2019, a new predictive
model was adapted from the Kidney Failure Risk Equation (KFRE)
(38) and published for the primary care setting (61). It is based
on a British cohort and assesses more accurately the risk of end-
stage kidney disease in primary care after 2 and 5 years, thus
reducing the number of unnecessary referrals and increasing the
number of earlier referrals in those at high risk of developing
end-stage kidney disease (61). Even though most stage G3 CKD
patients never progress to end-stage kidney disease, they are more
likely to experience other adverse events such as those linked to
cardiovascular diseases (1-3). Based on an adapted KFRE model
that took into account cardiovascular comorbidities, the 5-year risk
of progression to kidney failure in our patient group was stratified
as high (62).

4.3 Screening and treatment strategies

Symptoms of CKD are often lacking and awareness of the
disease is generally low, not only in primary care (12, 14, 18),
but also in the hospital setting (14, 17, 63, 64). We therefore
chose a pragmatic approach to screening in Austrian GP practices,
which is the place where most asymptomatic patients with mild
CKD are first identified. Unlike other countries, no database of
electronic health records exists in the primary care setting in
Austria (13, 62, 65). In our study, patients we identified as at
high risk were screened and their health care managed according
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to our adapted “kidney.care 2.0” program. The written materials
provided in the training course recommend doctors ensure their
patients undergo regular laboratory tests. They also recommend
optimizing treatment by seeking close support from nephrologists
via a telephone hotline, and through preferential access to the
outpatient clinic responsible for monitoring progression. Similar
procedures were also performed in other studies (20, 28) in which
only high-risk patients were screened for CKD in a primary care
setting because screening those with no risk factors was considered
to be excessive (66). Furthermore, it is not only GPs that are
unaware of the dangers of kidney disease but also the patients
themselves. In a survey in the UK, it was shown that only one in
two people knew that kidneys produce urine and only 12% of the
population knew that kidneys play a role in processing medicines
(67). Furthermore, Weckmann et al. (15) described in a German
population cohort study that only 9% of participants with reduced
GFR reported having CKD. Against this background, disclosure
of kidney dysfunction to patients appears advisable in that it
would probably encourage them to adhere to appropriate kidney
protective therapies and life style modifications (exercise and diet),
and raise their awareness of the need to both adjust doses of kidney
excreted drugs and avoid nephrotoxic substances. Considering that
a systematic review that included several educational interventions
for patients with CKD has shown that, although inconsistent,
different educational interventions lead to some improvement in
patient reported and relevant outcomes, there would also appear to
be a need for more patient education and information (68).

Although there is no robust evidence for the usefulness of
screening and monitoring strategies for CKD (32, 69, 70), several
guidelines (24, 71) and consensus statements (28, 29, 72) on
screening and monitoring nonetheless exist. However, it should
be borne in mind that over-testing can lead to harm through the
incorrect labeling and reclassification of patients, as this may be
associated with unnecessary changes in medications and possible
additional costs (25). These uncertainties highlight the importance
of shared decision-making between doctors and patients.

We implemented the “kidney.care 2.0” program because
experience in various countries has shown that in primary
care settings, full CKD screening and diagnosis/detection (i.e.
assessment of both eGFR and ACR) is rarely routinely performed
for at-risk patients (14, 18, 73). Several factors may help explain this,
including a lack of awareness of the importance of early diagnosis
of CKD among GPs (16). For this reason, the “kidney.care 2.0”
program also aimed to increase awareness through educational
interventions. In Styria, Austria, a further reason may be that
the health care system does not foresee reimbursement of
the cost of ACR testing. Similarly, resource constraints may
mean that laboratories do not automatically, and GPs do not
routinely calculate eGFR.

Currently, patients with CKD and/or albuminuria are generally
prescribed ACE-Inhibitors or Angiotensin Receptor blockers (37).
Studies like the RENAAL- study by Brenner showed that such
standard care leads to a reduction in eGFR loss and slows the
progression to end-stage kidney disease in patients with type 2
diabetes (67). In recent years, the armamentarium used in the
treatment of CKD with or without albuminuria has been expanded
through the use of the new sodium glucose transport 2 (SGLT2)-
inhibitor. Several studies have shown that it dramatically slows
the deterioration of kidney function in diabetic and non-diabetic
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patients, as well as having a very positive impact in patients with
chronic heart failure (74). It is therefore of the utmost importance
that CKD and/or albuminuria are identified at an early stage, as
nephrologists now have a very effective means of treating CKD
(75). Other drugs for the treatment of diabetic albuminuric kidney
disease are in the pipeline (76), which are expected to further
slow the progression of CKD, and lead to a dramatic reduction in
cardiovascular events (67, 77).

The first part of the “kidney.care 2.0” study aimed to identify
CKD patients at increased risk of primarily adverse cardiovascular
outcomes and to support them with subsequent monitoring and
targeted clinical management. It remains to be seen whether we
will see a change in prescribing behavior and slower progression
to CKD in this patient population (33) in the 12-month follow-
up period.

4.4 Strengths and limitations

The “kidney.care” project was launched in 2016 (30) and has
implemented several initiatives aimed at increasing awareness of
the importance of screening in the primary care setting. The
“kidney.care 2.0” program was launched in 2021 and has attempted
to increase awareness through updated training courses, further
education via public media, and on-site visits to GPs. In a previous
publication, various evaluation methods for the awareness program
“kidney.care” were discussed and we came to the conclusion that
it should be embedded in a disease management program, which
does not yet exist in Austria (32). In addition, unlike the UK (78),
the USA (79) and Canada (20), no large-scale national societies and
initiatives exist.

Even though risk factors such as hypertension, a history of
cardiovascular diseases and a family history of end-stage kidney
disease have been shown to be predictors in several prevalence
studies (2, 5, 6, 10, 41, 43, 47, 50, 80, 81), we could not provide
similar evidence in our study population (33), which may be due
to its small size.

As part of “kidney.care 2.0”, only one laboratory test was
carried out to determine CKD on the basis of a reduced
eGFR and an elevated albumin-creatinine ratio (ACR), with
a further measurement of ACR not being undertaken until
three months later in case of first-time albuminuria. It was
therefore impossible to draw a conclusion on the permanence
of impaired kidney function. Furthermore, overdiagnosis cannot
be ruled out as it is unclear to what extent the lack of
repeated measurements of eGFR may have affected the result.
Another reason for a potential overestimate might be the
biological and analytical variability of eGFR and ACR (71).
Therefore, the planned follow-up survey will determine whether
the CKD cases detected at baseline can be reconfirmed. This
analysis will help to distinguish persistent CKD cases from
those influenced by transient variations in kidney function
and albuminuria.

A further limitation of the present study is that eGFR was
calculated using the 2009 Epidemiology Collaboration (CKD-EPI)
equation (36) rather than the updated CKD-EPI equation published
in 2021 (82). This discrepancy may affect the comparability of our
study results with other publications.
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It should be noted that one of this study’s limitations is
that when the “kidney.care” program was developed in 2016, we
restricted patient inclusion to predefined risk groups in accordance
with NICE Guidelines (83). We later decided to further restrict
the program to include only middle-aged patients because of
such practical considerations as the feasibility of the program for
GPs and the availability of funding. In view of the continued
implementation of the “kidney.care” program, it is imperative
to assess the necessity to adapt the risk groups to be screened
for CKD in accordance with the current KDIGO Guideline 2024
(71). Risk groups would then include, for example, patients with
previous acute kidney injury, chronic inflammation and younger
diabetic patients.

In our referral recommendations, we suggest implementing
specific monitoring intervals, especially for those in whom CKD
has not yet been detected. Our recommendations are based
on consensus papers (84, 85) and the opinion of nephrology
experts. However, as no high-quality studies have addressed the
optimal frequency for testing patients with (or at high risk
of developing) CKD, harm from over-testing cannot be ruled
out (25, 69). While this may be a challenge for screening
programs outside a trial setting, regular monitoring has clear
advantages and is essential in a study context, particularly for
the reliable detection of changes in renal function and the
onset of CKD. Papers by Major (61) and Mosa (62) had not
been published when our referral recommendations were adapted
from the KFRE (38). It is possible that our recommendations
will be adjusted to take account of the findings reported in
these publications.

The COVID pandemic often made GPs unwilling to participate,
which slowed down the recruitment of patients considerably.
A further limitation of our study is that the sample of participating
GPs was not representative.

Despite several extensions to the recruitment period and local
support measures on-site, it became apparent in spring 2022 that
the target of including 1,000 patients would not be reached. For
this reason, the sample size calculation was carried out again in
April 2022. The calculation revealed that a reduction to 700 patients
would decrease precision from =+ 2.5 to + 4.2 to 3.1 to + 5.1. This
was considered acceptable.

In order to account for the effects on the results of differences
between individual practices, a random effect was included in
the statistical analysis. However, no systematic analysis of the
influence of specific participating practices on the results was
conducted. Furthermore, no systematic investigation into the
socioeconomic characteristics of study participants and their
influence on the results was performed. These factors could be
subjects for further investigation in future studies. It is also
important to note that the limited scope of the study meant that the
study population was not as diverse as would have been desirable in
terms of ethnicity.

4.5 Implications for research and/or
practice

The aim of our study was to integrate pragmatic CKD
screening into the routine workflows of GP practices and to
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raise awareness among GPs of the need for regular follow-up
care of CKD patients. As this study was carried out in only
one federal state of Austria, the next step is to implement it
on a national scale, as was recommended when the Austrian
periodic health examination was revised in 2019 (86). The
European Society of Cardiology (ESC) Guideline 2021 on
Cardiovascular Disease Prevention in Clinical Practice 2021 also
proposes a cardiovascular risk assessment in at-risk individuals and
even considers a systematic or opportunistic cardiovascular risk
assessment in men aged > 40 years and postmenopausal women
or women > 50 years (87). The Council of the European Renal
Association recommends that a cardiovascular risk assessment in
the general population should include the assessment of eGFR
und ACR (88).

In addition, with the support of the Austrian Society of
Nephrology (89) and the Austrian Society of General Practice and
Family Medicine (90), we will further sensitize GPs to the necessity
of keeping a close eye on people at increased risk of CKD, as most
patients with CKD can be managed in a primary care setting, as
long as the option of referrals to nephrologists or of contacting
nephrologists is also available. The “kidney.care 2.0” program is a
perfect basis on which to expand existing cooperation.

Future research should investigate the efficacy of CKD
screening program on patient-relevant clinical outcomes. This is
why the U.S. Preventive Services task force (USPSTF) is planning
a systematic review of the effects of screening for CKD in order
to update its recommendations. A key question is the effect of
screening for CKD versus no screening on clinical outcomes in
asymptomatic adults without known CKD (91).

5 Conclusion

In this milestone Austrian study, pragmatic, risk-based,
targeted screening for CKD in primary care was able to identify
a large number of patients with previously undetected CKD.
Further research should be conducted to find out whether risk-
based, targeted screening and subsequent monitoring for CKD in
primary care has the potential to optimize the care of middle-
aged patients, slow the progression to kidney failure, and prevent
cardiovascular events.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of the Medical University of Graz. The studies were
conducted in accordance with the local legislation and institutional
requirements. The participants provided their written informed
consent to participate in this study.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1412689
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Siebenhofer et al.

Author contributions

AS: Conceptualization, Methodology, Supervision,
Writing—original ~ draft, Funding  acquisition,  Project
administration. CL:  Conceptualization, ~Data  curation,

Investigation, Methodology, Project administration, Writing—
original draft, Resources. AA: Conceptualization, Data curation,
Formal analysis, Methodology, Validation, Writing—original
draft. EP: Conceptualization, Data curation, Investigation,
Methodology, Project administration, Resources, Writing—review
and editing. CZ: Investigation, Methodology, Writing—review
Data

AM: Conceptualization,

and editing, Conceptualization, curation,  Project

Data
curation, Methodology, Writing—review and editing, Resources.

administration, Resources.
US-K: Conceptualization, Methodology, Writing—review and
editing. AB: Conceptualization, Formal analysis, Methodology,
Supervision, Validation, Writing—review and editing, Data
curation, Project administration. AR: Conceptualization, Funding
acquisition, Methodology, Supervision, Writing—original draft,
Project administration.

Funding

The author(s) declare financial support was received for
the research, authorship, and/or publication of the article.
“Kidney.care 2.0” is funded by the “Gesundheitsfonds Steiermark”
(“Styrian Health Fund”) (Grant No. GFSTMK 27.01-2/2020-
1). The Styrian Health Fund provided funding for data
collection, management and analysis. The authors decided
upon the final content, analysis and interpretation of the data.
The decision to submit the data for publication was also
made by the authors.

References

1. Herzog C, Asinger R, Berger A, Charytan D, Diez J, Hart R, et al. Cardiovascular
disease in chronic kidney disease. A clinical update from kidney disease: Improving
global outcomes (KDIGO). Kidney Int. (2011) 80:572-86.

2. Major R, Cheng M, Grant R, Shantikumar S, Xu G, Oozeerally I, et al.
Cardiovascular disease risk factors in chronic kidney disease: A systematic review
and meta-analysis. PLoS One. (2018) 13:e0192895. doi: 10.1371/journal.pone.019
2895

3. Matsushita K, van der Velde M, Astor B, Woodward M, Levey A, de Jong P, et al.
Association of estimated glomerular filtration rate and albuminuria with all-cause and
cardiovascular mortality in general population cohorts: A collaborative meta-analysis.
Lancet. (2010) 375:2073-81.

4. Jager K, Kovesdy C, Langham R, Rosenberg M, Jha V, Zoccali CA. single number
for advocacy and communication-worldwide more than 850 million individuals have
kidney diseases. Nephrol Dial Transplant. (2019) 34:1803-5.

5. Brueck K, Stel V, Gambaro G, Hallan S, Volzke H, Arnlov J, et al. CKD
prevalence varies across the European general population. ] Am Soc Nephrol. (2016)
27:2135-47.

6. Hill N, Fatoba S, Oke J, Hirst J, O’Callaghan C, Lasserson D, et al. Global
prevalence of chronic kidney disease — A systematic review and meta-analysis. PLoS
One. (2016) 11:e¢0158765. doi: 10.1371/journal.pone.0158765

7. Chang A, Grams M, Ballew S, Bilo H, Correa A, Evans M, et al. Adiposity
and risk of decline in glomerular filtration rate: Meta-analysis of individual
participant data in a global consortium. BMJ. (2019) 364:k5301. doi: 10.1136/bmj.
k5301

Frontiers in Medicine

10.3389/fmed.2024.1412689

Acknowledgments

We would like to acknowledge the use of the online version of
DeepL Write (https://www.deepl.com/write) for certain sections of
the text to identify improvements in writing style. The entire text
was then proofread by a native speaker. We would therefore like to
thank Phillip Elliott for editing the manuscript. We would like to
thank all the participating GPs and patients for their support and
Natalie Berger for her help with data collection.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.2024.
1412689/full#supplementary- material

8. Memarian E, Nilsson P, Zia I, Christensson A, Engstrom G. The risk of chronic
kidney disease in relation to anthropometric measures of obesity: A Swedish cohort
study. BMC Nephrol. (2021) 22:330. doi: 10.1186/s12882-021-02531-7

9. Hirst J, Ordonez Mena J, O’Callaghan C, Ogburn E, Taylor C, Yang Y, et al.
Prevalence and factors associated with multimorbidity among primary care patients
with decreased renal function. PLoS One. (2021) 16:€0245131. doi: 10.1371/journal.
pone.0245131

10. van der Meer V, Wielders H, Grootendorst D, de Kanter J, Sijpkens Y, Assendelft
W, et al. Chronic kidney disease in patients with diabetes mellitus type 2 or
hypertension in general practice. Br ] Gen Pract. (2010) 60:884-90.

11. Sullivan M, Rankin A, Jani B, Mair E Mark P. Associations between
multimorbidity and adverse clinical outcomes in patients with chronic kidney disease:
A systematic review and meta-analysis. BMJ Open. (2020) 10:e038401. doi: 10.1136/
bmjopen-2020-038401

12. Fraser S, Blakeman T. Chronic kidney disease: Identification and management
in primary care. Pragmat Obs Res. (2016) 7:21-32.

13. Sundstrém J, Bodegard ], Bollmann A, Vervloet M, Mark P, Karasik A,
et al. Prevalence, outcomes, and cost of chronic kidney disease in a contemporary
population of 2-4 million patients from 11 countries: The CaReMe CKD study. Lancet
Reg Health Eur. (2022) 20:100438. doi: 10.1016/j.]lanepe.2022.100438

14. Tangri N, Moriyama T, Schneider M, Virgitti J, De Nicola L, Arnold M, et al.
Prevalence of undiagnosed stage 3 chronic kidney disease in France, Germany, Italy,
Japan and the USA: Results from the multinational observational REVEAL-CKD
study. BMJ Open. (2023) 13:¢067386. doi: 10.1136/bmjopen-2022-067386

frontiersin.org


https://doi.org/10.3389/fmed.2024.1412689
https://www.deepl.com/write
https://www.frontiersin.org/articles/10.3389/fmed.2024.1412689/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1412689/full#supplementary-material
https://doi.org/10.1371/journal.pone.0192895
https://doi.org/10.1371/journal.pone.0192895
https://doi.org/10.1371/journal.pone.0158765
https://doi.org/10.1136/bmj.k5301
https://doi.org/10.1136/bmj.k5301
https://doi.org/10.1186/s12882-021-02531-7
https://doi.org/10.1371/journal.pone.0245131
https://doi.org/10.1371/journal.pone.0245131
https://doi.org/10.1136/bmjopen-2020-038401
https://doi.org/10.1136/bmjopen-2020-038401
https://doi.org/10.1016/j.lanepe.2022.100438
https://doi.org/10.1136/bmjopen-2022-067386
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Siebenhofer et al.

15. Weckmann G, Wirkner J, Kasbohm E, Zimak C, Haase A, Chenot J, et al.
Monitoring and management of chronic kidney disease in ambulatory care - analysis
of clinical and claims data from a population-based study. BMC Health Serv Res. (2022)
22:1330. doi: 10.1186/s12913-022-08691-y

16. Neale E, Middleton ], Lambert K. Barriers and enablers to detection and
management of chronic kidney disease in primary healthcare: A systematic review.
BMC Nephrol. (2020) 21:83. doi: 10.1186/s12882-020-01731-x

17. Friedl C, Hemetsberger M, Mader ], Fahrleitner-Pammer A, Pieber T,
Rosenkranz A. Awareness of chronic kidney disease in Austria: A frequently under-
recognized clinical picture. Wien Klin Wochenschr. (2013) 125:362-7. doi: 10.1007/
s00508-013-0374-7

18. Molokhia M, Okoli G, Redmond P, Asgari E, Shaw C, Schofield P, et al. Uncoded
chronic kidney disease in primary care: A cross-sectional study of inequalities and
cardiovascular disease risk management. Br ] Gen Pract. (2020) 70:¢785-92. doi: 10.
3399/bjgp20X713105

19. Brown W, Peters R, Ohmit S, Keane W, Collins A, Chen S, et al. Early detection
of kidney disease in community settings: The kidney early evaluation program (KEEP).
Am ] Kidney Dis. (2003) 42:22-35.

20. Galbraith L, Ronksley P, Barnieh L, Kappel J, Manns B, Samuel S, et al. The see
kidney disease targeted screening program for CKD. Clin ] Am Soc Nephrol. (2016)
11:964-72.

21. Hoy W, Wang Z, Baker P, Kelly A. Reduction in natural death and renal failure
from a systematic screening and treatment program in an Australian Aboriginal
community. Kidney Int Suppl. (2003) 94:566-73. doi: 10.1046/j.1523-1755.63.583.14.x

22. Stevens P, de Lusignan S, Farmer C, Tomson C. Engaging primary care in
CKD initiatives: The UK experience. Nephrol Dial Transplant. (2012) 27:iii5-11. doi:
10.1093/ndt/gfs103

23. Uk National Screening Committee. Guidance Population screening explained.
(2023). Available online at: https://www.gov.uk/guidance/population-screening-
explained (accessed November 17, 2023).

24. National Clinical Guideline Centre. Chronic kidney disease: Assessment and
management. NICE guideline. London: National Institute for Health and Care
Excellence (UK) Copyright (c) National Clinical Guideline Centre (2021).

25. Qaseem A, Hopkins R Jr., Sweet D, Starkey M, Shekelle P. Screening, monitoring,
and treatment of stage 1 to 3 chronic kidney disease: A clinical practice guideline from
the American College of Physicians. Ann Intern Med. (2013) 159:835-47.

26. Moyer V. Screening for chronic kidney disease: U.S. Preventive services task
force reccommendation statement. Ann Intern Med. (2012) 157:567-70.

27. Fink H, Ishani A, Taylor B, Greer N, MacDonald R, Rossini D, et al
AHRQ comparative effectiveness reviews. chronic kidney disease stages 1-3: Screening,
monitoring, and treatment. Rockville, MD: Agency for Healthcare Research and
Quality (US) (2012).

28. Shlipak M, Tummalapalli S, Boulware L, Grams M, Ix J, Jha V, et al. The case
for early identification and intervention of chronic kidney disease: Conclusions from
a kidney disease: Improving global outcomes (KDIGO) controversies conference.
Kidney Int. (2021) 99:34-47. doi: 10.1016/j.kint.2020.10.012

29. International Society of Nephrology. Early detection of CKD: Case studies on
screening and case-finding. (2022). Available online at: https://www.theisn.org/wp-
content/uploads/2022/10/Case- Studies_Final.pdf (accessed November 17, 2023).

30. Poggenburg S, Jeitler K, Mergenthal K, Krisper P, Rosenkranz A, Siebenhofer
A. Pilotierung des nephrologischen Awareness-Programms ,niere.schiitzen® fiir den
Einsatz in 6sterreichischen Hausarztpraxen. Zeitschrift fiir Allgemeinmedizin. (2016)
92:466-73.

31. Holzmueller E. Wissenschaftliche Evaluierung der Einstellung von Hausdrztinnen
und Hausdirzten in der Steiermark zur FriiherkennungsmafSnahme ,niere.schiitzen im
Rahmen der integrierten nephrologischen Versorgung in der Steiermark. Graz: Medical
University of Graz (2018).

32. Poggenburg S, Jeitler K, Semlitsch T, Stigler F Krisper P, Rosenkranz A,
et al. [Development of methods to evaluate nephrological screening and support
measures, and lessons learned from the Styrian nephrological screening program
"niere.schiitzen"]. Z Evid Fortbild Qual Gesundhwes. (2018) 13:17-27.

33. German Clinical Trials Register. Kidney.care 2.0. (2020).
online at: https://drks.de/search/de/trial DRKS00022966
December 13, 2023).

34. World Health Organization. WHO coronavirus (COVID-19) dashboard. (2023).
Available online at: https://covid19.who.int/ (accessed December 11, 2023).

Available
(accessed

35. Myers G, Miller W, Coresh ], Fleming J, Greenberg N, Greene T, et al.
Recommendations for improving serum creatinine measurement: A report from the
laboratory working group of the national kidney disease education program. Clin
Chem. (2006) 52:5-18. doi: 10.1373/clinchem.2005.0525144

36. Levey A, Stevens L, Schmid C, Zhang Y, Castro A III, Feldman H, et al. A new
equation to estimate glomerular filtration rate. Ann Intern Med. (2009) 150:604-12.

37. Levin A, Stevens P, Bilous R, Coresh ], De Francisco A, De Jong P, et al. Kidney
disease: Improving Global outcomes (KDIGO) CKD work group. KDIGO 2012 clinical

practice guideline for the evaluation and management of chronic kidney disease.
Kidney Int Suppl. (2013) 3:1-150.

Frontiers in Medicine

10

10.3389/fmed.2024.1412689

38. Tangri N, Stevens L, Griffith J, Tighiouart H, Djurdjev O, Naimark D, et al. A
predictive model for progression of chronic kidney disease to kidney failure. JAMA.
(2011) 305:1553-9.

39. AJKD. KEEP 2012 summary figures, reference tables, and analytical methods.
Am ] Kidney Dis. (2013) 61:533-155.

40. Nagel G, Zitt E, Peter R, Pompella A, Concin H, Lhotta K. Body mass index
and metabolic factors predict glomerular filtration rate and albuminuria over 20
years in a high-risk population. BMC Nephrol. (2013) 14:177. doi: 10.1186/1471-2369-
14-177

41. Burrows N, Vassalotti ], Saydah S, Stewart R, Gannon M, Chen S, et al.
Identifying high-risk individuals for chronic kidney disease: Results of the CHERISH
community demonstration project. Am J Nephrol. (2018) 48:447-55. doi: 10.1159/
000495082

42. Hagnis M, Sundqvist H, Jokelainen J, Tumminia A, Vinciguerra F, Loreto C, et al.
The prevalence of chronic kidney disease and screening of renal function in type 2
diabetic patients in Finnish primary healthcare. Prim Care Diabetes. (2020) 14:639-44.

43. Kampmann J, Heaf ], Mogensen C, Mickley H, Wolff D, Brandt F. Prevalence and
incidence of chronic kidney disease stage 3-5 - results from KidDiCo. BMC Nephrol.
(2023) 24:17. doi: 10.1186/s12882-023-03056-x

44. Kovesdy C. Epidemiology of chronic kidney disease: An update 2022. Kidney Int
Suppl. (2011) 2022:7-11.

45. Matsushita K, Coresh ], Sang Y, Chalmers J, Fox C, Guallar E, et al
Estimated glomerular filtration rate and albuminuria for prediction of cardiovascular
outcomes: A collaborative meta-analysis of individual participant data. Lancet Diabetes
Endocrinol. (2015) 3:514-25.

46. Sukkar L, Kang A, Hockham C, Young T, Jun M, Foote C, et al. Incidence and
associations of chronic kidney disease in community participants with diabetes: A 5-
Year prospective analysis of the EXTEND45 study. Diabetes Care. (2020) 43:982-90.
doi: 10.2337/dc19-1803

47. Zeng X, Zeng Q, Zhou L, Zhu H, Luo J. Prevalence of chronic kidney disease
among US adults with hypertension, 1999 to 2018. Hypertension. (2023) 80:2149-58.

48. Forni Ogna V, Ogna A, Ponte B, Gabutti L, Binet I, Conen D, et al. Prevalence
and determinants of chronic kidney disease in the Swiss population. Swiss Med Wkly.
(2016) 146:w14313.

49. GBD Chronic Kidney Disease Collaboration. Global, regional, and national
burden of chronic kidney disease, 1990-2017: A systematic analysis for the global
burden of disease study 2017. Lancet. (2020) 395:709-33. doi: 10.1016/S0140-6736(20)
30045-3

50. Domislovi¢ M, Domislovi¢ V, Stevanovi¢ R, Futek M, Dika Z, Karanovi¢
S, et al. Chronic kidney disease in rural population. Acta Clin Croat. (2022)
61:228-38.

51. Mills K, Xu Y, Zhang W, Bundy ], Chen C, Kelly T, et al. A systematic
analysis of worldwide population-based data on the global burden of
chronic kidney disease in 2010. Kidney Int. (2015) 88:950-7. doi: 10.1038/ki.
2015.230

52. Gergei I, Klotsche J, Woitas R, Pieper L, Wittchen H, Kramer B, et al. Chronic
kidney disease in primary care in Germany. ] Public Health. (2016) 25:223-30.

53. Girndt M, Trocchi P, Scheidt-Nave C, Markau S, Stang A. Privalenz der
eingeschrinkten Nierenfunktion. Dtsch Arztebl Int. (2016) 113:85-91.

54. Denic A, Glassock R, Rule A. Structural and functional changes with the aging
kidney. Adv Chronic Kidney Dis. (2016) 23:19-28.

55. Delanaye P. Too much nephrology? The CKD epidemic is real and concerning.
A CON view. Nephrol Dial Transplant. (2019) 34:581-4. doi: 10.1093/ndt/gfy331

56. Gansevoort R. Too much nephrology? The CKD epidemic is real and
concerning. A PRO view. Nephrol Dial Transplant. (2019) 34:577-80. doi: 10.1093/
ndt/gfy330

57. Shardlow A, McIntyre N, Fluck R, McIntyre C, Taal M. Chronic kidney disease
in primary care: Outcomes after five years in a prospective cohort study. PLoS Med.
(2016) 13:e1002128. doi: 10.1371/journal.pmed.1002128

58. ElSayed N, Aleppo G, Aroda V, Bannuru R, Brown E Bruemmer D, et al. 11.
Chronic kidney disease and risk management: Standards of care in diabetes—2023.
Diabetes Care. (2022) 46:5191-202.

59. Ohkuma T, Jun M, Chalmers J, Cooper M, Hamet P, Harrap S, et al. Combination
of changes in estimated GFR and albuminuria and the risk of major clinical outcomes.
Clin ] Am Soc Nephrol. (2019) 14:862-72.

60. Steyerberg E, Moons K, van der Windt D, Hayden J, Perel P, Schroter S, et al.
Prognosis research strategy (PROGRESS) 3: Prognostic model research. PLoS Med.
(2013) 10:e1001381. doi: 10.1371/journal.pmed.1001381

61. Major R, Shepherd D, Medcalf ], Xu G, Gray L, Brunskill N. The kidney failure
risk equation for prediction of end stage renal disease in UK primary care: An external
validation and clinical impact projection cohort study. PLoS Med. (2019) 16:¢1002955.
doi: 10.1371/journal.pmed.1002955

62. Mosa A, Watts D, Tangri N. Impacting management of chronic kidney disease
through primary care practice audits: A quality improvement study. Can ] Kidney
Health Dis. (2022) 9:20543581221144840.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1412689
https://doi.org/10.1186/s12913-022-08691-y
https://doi.org/10.1186/s12882-020-01731-x
https://doi.org/10.1007/s00508-013-0374-7
https://doi.org/10.1007/s00508-013-0374-7
https://doi.org/10.3399/bjgp20X713105
https://doi.org/10.3399/bjgp20X713105
https://doi.org/10.1046/j.1523-1755.63.s83.14.x
https://doi.org/10.1093/ndt/gfs103
https://doi.org/10.1093/ndt/gfs103
https://www.gov.uk/guidance/population-screening-explained
https://www.gov.uk/guidance/population-screening-explained
https://doi.org/10.1016/j.kint.2020.10.012
https://www.theisn.org/wp-content/uploads/2022/10/Case-Studies_Final.pdf
https://www.theisn.org/wp-content/uploads/2022/10/Case-Studies_Final.pdf
https://drks.de/search/de/trial/DRKS00022966
https://covid19.who.int/
https://doi.org/10.1373/clinchem.2005.0525144
https://doi.org/10.1186/1471-2369-14-177
https://doi.org/10.1186/1471-2369-14-177
https://doi.org/10.1159/000495082
https://doi.org/10.1159/000495082
https://doi.org/10.1186/s12882-023-03056-x
https://doi.org/10.2337/dc19-1803
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1038/ki.2015.230
https://doi.org/10.1038/ki.2015.230
https://doi.org/10.1093/ndt/gfy331
https://doi.org/10.1093/ndt/gfy330
https://doi.org/10.1093/ndt/gfy330
https://doi.org/10.1371/journal.pmed.1002128
https://doi.org/10.1371/journal.pmed.1001381
https://doi.org/10.1371/journal.pmed.1002955
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Siebenhofer et al.

63. Chu L, Bhogal S, Lin P, Steele A, Fuller M, Ciaccia A, et al. AWAREness of
diagnosis and treatment of chronic kidney disease in adults with type 2 diabetes
(AWARE-CKD in T2D). Can ] Diabetes. (2022) 46:464-72. doi: 10.1016/j.jcjd.2022.
01.008

64. Wagner M, Wanner C, Schich M, Kotseva K, Wood D, Hartmann K, et al.
Patient’s and physician’s awareness of kidney disease in coronary heart disease
patients — a cross-sectional analysis of the German subset of the EUROASPIRE IV
survey. BMC Nephrol. (2017) 18:321. doi: 10.1186/s12882-017-0730-3

65. Cook S, Schmedt N, Broughton J, Kalra P, Tomlinson L, Quint J. Characterising
the burden of chronic kidney disease among people with type 2 diabetes in England:
A cohort study using the clinical practice research Datalink. BMJ Open. (2023)
13:¢065927. doi: 10.1136/bmjopen-2022-065927

66. Jain V, Sinha S, Shaw C, Bramham K, Croucher C. Re-evaluating national
screening for chronic kidney disease in the UK. BMJ. (2023) 382:e074265. doi: 10.1136/
bmj-2022-074265

67. Brenner B, Cooper M, de Zeeuw D, Keane W, Mitch W, Parving H, et al. Effects
of losartan on renal and cardiovascular outcomes in patients with type 2 diabetes and
nephropathy. N Engl ] Med. (2001) 345:861-9.

68. Lopez-Vargas P, Tong A, Howell M, Craig J. Educational interventions for
patients with CKD: A systematic review. Am ] Kidney Dis. (2016) 68:353-70.

69. Elwenspoek M, Patel R, Watson J, Whiting P. Are guidelines for monitoring
chronic disease in primary care evidence based? BMJ. (2019) 365:12319.

70. Fink H, Ishani A, Taylor B, Greer N, MacDonald R, Rossini D, et al. Screening for,
monitoring, and treatment of chronic kidney disease stages 1 to 3: A systematic review
for the U.S. Preventive Services Task Force and for an American college of physicians
clinical practice guideline. Ann Intern Med. (2012) 156:570-81. doi: 10.7326/0003-
4819-156-8-201204170-00004

71. Kidney Disease Improving Global Outcomes. Clinical practice guideline for
the evaluation and management of chronic kidney disease. (2024). Available online
at: https://kdigo.org/wp-content/uploads/2024/03/KDIGO-2024- CKD- Guideline.pdf
(accessed June 11, 2024).

72. American Diabetes Association Professional Practice Committee. 11. Chronic
kidney disease and risk management: Standards of medical care in diabetes-2022.
Diabetes Care. (2022) 45:5175-84.

73. Van den Wyngaert I, Mamouris P, Vaes B, Van Pottelbergh G. An exploration
of under-registration of chronic kidney disease stages 3-5 in Belgian general practices
using logistic regression. PLoS One. (2022) 17:€0279291. doi: 10.1371/journal.pone.
0279291

74. Mark P, Sarafidis P, Ekart R, Ferro C, Balafa O, Fernandez-Fernandez B,
et al. SGLT2i for evidence-based cardiorenal protection in diabetic and non-diabetic
chronic kidney disease: A comprehensive review by EURECA-m and ERBP working
groups of ERA. Nephrol Dial Transplant. (2023) 38:2444-55. doi: 10.1093/ndt/g
fad112

75. van Norman M, Molony DA. KDIGO provided recommendations on SGLT2
inhibitors and nonsteroidal MRAs in patients with diabetes and CKD. Ann Intern Med.
(2023) 176:Jc50. doi: 10.7326/]23-0023

76. Sarafidis P, Iatridi E, Ferro C, Alexandrou M, Fernandez-Fernandez B, Kanbay
M, et al. Mineralocorticoid receptor antagonist use in chronic kidney disease with type
2 diabetes: A clinical practice document by the European Renal Best Practice (ERBP)

Frontiers in Medicine

11

10.3389/fmed.2024.1412689

board of the European Renal Association (ERA). Clin Kidney J. (2023) 16:1885-907.
doi: 10.1093/ckj/sfad139

77. Zoccali C, Mallamaci F, Halimi J, Rossignol P, Sarafidis P, De Caterina R,
et al. Chronic cardiovascular-kidney disorder: A new conceptual framework. Nat Rev
Nephrol. (2023) 20:201-2.

78. National Health Service [NHS]. Overview chronic kidney disease: National health
service (NHS). (2023). Available online at: https://www.nhs.uk/conditions/kidney-
disease/ (accessed December 10, 2023).

79. National Kidney Foundation Inc. Kidney early evaluation program publications.
New York, NY: National Kidney Foundation Inc (2023).

80. Satko S, Freedman B, Moossavi S. Genetic factors in end-stage renal disease.
Kidney Int Suppl. (2005) 94:546-9.

81. Satko S, Sedor J, Iyengar S, Freedman B. Familial clustering of chronic kidney
disease. Semin Dial. (2007) 20:229-36.

82. Inker L, Eneanya N, Coresh ], Tighiouart H, Wang D, Sang Y, et al. New
creatinine- and cystatin C-based equations to estimate GFR without race. N Engl ] Med.
(2021) 385:1737-49. doi: 10.1056/NEJMo0a2102953

83. National Clinical Guideline Centre. Chronic kidney disease (Partial Update):
Early identification and management of chronic kidney disease in adults in primary
and secondary care. Clincial guideline 182 methods, evidence and recommendations.
London: National Institute for Health and Care Excellence (UK) Copyright (c)
National Clinical Guideline Centre (2014).

84. Kidney Disease Improving Global Outcomes. Clinical practice guideline for the
evaluation and management of chronic kidney disease. (2013). Available online at: https:
/Ikdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf (accessed July
19, 2023).

85. Association A. Standards of medical care in diabetes-2015 abridged for primary
care providers. Clin Diabetes. (2015) 33:97-111. doi: 10.2337/diaclin.33.2.97

86. Sommer I, Titscher V, Teufer B, Klerings I, Nuflbaumer-Streit B, Szelag M, et al.
[Evidence-based recommendations for the revision of the Austrian periodic health
examination]. Wien Med Wochenschr. (2019) 169:339-49. doi: 10.1007/s10354-019-
0699-6

87. Visseren E Mach F, Smulders Y, Carballo D, Koskinas K, Bick M, et al. 2021 ESC
guidelines on cardiovascular disease prevention in clinical practice. Eur Heart J. (2021)
42:3227-337.

88. Ortiz A, Wanner C, Gansevoort R. Chronic kidney disease as cardiovascular risk
factor in routine clinical practice: A position statement by the council of the European
renal association. Nephrol Dial Transplant. (2023) 38:527-31.

89. Osterreichische Gesellschaft fiir Nephrologie. Osterreichische gesellschaft fiir
nephrologie. (2023). Available online at: https://www.nephrologie.at/ (accessed
December 18, 2023).

90. Osterreichische Gesellschatt fiir Allgemein- und Familienmedizin. Das OGAM-
praxissiegel. (2023). Available online at: https://oegam.at/ (accessed December 18,
2023).

91. US. Preventive Services Task Force [USPSTE]. Chronic kidney disease:
Screening.  (2023). Available online at: https://uspreventiveservicestaskforce.
org/uspstf/draft-update- summary/chronic-kidney- disease- screening (accessed
January 26, 2023).

frontiersin.org


https://doi.org/10.3389/fmed.2024.1412689
https://doi.org/10.1016/j.jcjd.2022.01.008
https://doi.org/10.1016/j.jcjd.2022.01.008
https://doi.org/10.1186/s12882-017-0730-3
https://doi.org/10.1136/bmjopen-2022-065927
https://doi.org/10.1136/bmj-2022-074265
https://doi.org/10.1136/bmj-2022-074265
https://doi.org/10.7326/0003-4819-156-8-201204170-00004
https://doi.org/10.7326/0003-4819-156-8-201204170-00004
https://kdigo.org/wp-content/uploads/2024/03/KDIGO-2024-CKD-Guideline.pdf
https://doi.org/10.1371/journal.pone.0279291
https://doi.org/10.1371/journal.pone.0279291
https://doi.org/10.1093/ndt/gfad112
https://doi.org/10.1093/ndt/gfad112
https://doi.org/10.7326/J23-0023
https://doi.org/10.1093/ckj/sfad139
https://www.nhs.uk/conditions/kidney-disease/
https://www.nhs.uk/conditions/kidney-disease/
https://doi.org/10.1056/NEJMoa2102953
https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf
https://kdigo.org/wp-content/uploads/2017/02/KDIGO_2012_CKD_GL.pdf
https://doi.org/10.2337/diaclin.33.2.97
https://doi.org/10.1007/s10354-019-0699-6
https://doi.org/10.1007/s10354-019-0699-6
https://www.nephrologie.at/
https://oegam.at/
https://uspreventiveservicestaskforce.org/uspstf/draft-update-summary/chronic-kidney-disease-screening
https://uspreventiveservicestaskforce.org/uspstf/draft-update-summary/chronic-kidney-disease-screening
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Prevalence of undetected chronic kidney disease in high-risk middle-aged patients in primary care: a cross-sectional study
	Introduction
	2 Materials and methods
	2.1 Study design and outcomes
	2.2 Recruitment and screening
	2.3 Data collection and patient management
	2.4 Sample size
	2.5 Statistical methods

	3 Results
	4 Discussion
	4.1 Summary
	4.2 Comparison with existing literature
	4.3 Screening and treatment strategies
	4.4 Strengths and limitations
	4.5 Implications for research and/or practice

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References




