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a b s t r a c t
Background: To ensure high quality standards in chronic care of type 2 diabetes, it is paramount to ensure
regular measurement of clinical risk factors. For prevention of diabetic kidney disease, testing for albuminuria and kidney function is vital. The majority of individuals with type 2 diabetes in Denmark are
treated in general practice, and given the recent development of kidney-protective treatments, a renewed
focus on renal risk factors is important.
Objective: To assess the frequency of albuminuria and kidney function testing in general practice in
Denmark and describe developments over the last decade. The proportion of patients with the recommended annual measurements of albuminuria and kidney function was the primary variable.
Methods: We used data from subjects with type 2 diabetes in three cross-sectional general practice studies
from 2009 to 2017.
Results: Data from 5592 individuals were available. Almost all subjects (96–99%) in the studies had annual
measurement of kidney function performed. During the combined observation period there was a clear
increase in the proportion of subjects that had albuminuria measured, from 57.2% to 68.0% to 82.8%.
Conclusion: The regular assessment of renal risk factors in individuals with type 2 diabetes attending
primary care in Denmark has seemingly improved over the last decade. This provides the required base
for renal risk assessment and appropriate therapy selection.
© 2021 The Authors. Published by Elsevier Ltd on behalf of Primary Care Diabetes Europe. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction
In Denmark, as in many western European countries, the majority of individuals with type 2 diabetes (T2D) are cared for in general
practice. Prevention of acute and chronic complications is the main
purpose of the treatment of type 2 diabetes. Landmark studies as
the Steno 2 study [1–3] demonstrated the importance of addressing
all risk factors, to ensure multi-organ protection. Therefore, multifactorial interventions, focusing on other factors than lowering of
blood glucose, are essential [4]. For every risk factor to be addressed,
there is a corresponding necessary clinical or biochemical measure to be recorded. Smoking status must be inquired, and blood
pressure measurement under standardized conditions and HbA1c
analysis by validated laboratory methods are cornerstones of risk
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factor identiﬁcation and control. The same is the case for the renal
and cardiovascular risk factor, microalbuminuria [5], a precursor
for diabetic kidney disease [6]. To categorize the individual as having normo- micro- or macroalbuminuria, repetitive measures of
urinary albumin creatinine ratio (UACR) are recommended as part
of the Danish treatment guidelines for T2D management for general practitioners, preferably in a ﬁrst morning void or a spot urine
sample. As treatment-induced reductions in UACR are important
indicators of risk reduction [7], annual sampling is recommended,
and this approach also provides information on any progression of
kidney disease and cardiovascular risk. In one study a >30% reduction in albuminuria was associated with a 62% reduction in renal
risk and a 25% reduction in cardiovascular risk compared with an
increase in albuminuria [8].
In parallel, creatinine-based assessment of kidney function, in
recent years routinely reported by clinical laboratories as estimated
glomerular ﬁltration rate (eGFR), is important to monitor and detect
individuals at risk, and also recommended as part of the treat-
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Table 1
Characteristics of the studied population from three studies.

General characteristics
Male sex, no (%)
Age, yrs (st)
BMI, kg/m2 (st)
Current smoking, no (%)
Systolic BP, mmHg
Diastolic BP, mmHg
eGFR, ml/min/1.73 m2
Mean (st)
>90
60−90
30−59
<30
Unknown
Cholesterol, mmol/l
Total
LDL
HbA1C , mmol/mol, av (st)
Albuminuria class, n (%)
Normoalbuminuria
Microalbuminuria
Macroalbuminuria
Unknown
Duration DM, n (%)
<5 yrs
5−10 yrs
>10 yrs
Unknown
Glucose-lowering treatment, n (%)
Nonpharmacological treatment only
Metformin monotherapy
Number of patients on 1 drug treatment
Number of patients on 2−3 drugs
Number of patients on 4−5 drugs
Treatment of CV disease, n (%)
ACEI/ARB
Antihypertensives

*

Knudsen et al. [11]
T2D
N = 2057

Rungby et al. [12]
T2D
N = 2003

Lange et al. [13]
All (T2D and T2D + COPD)
N = 1532 (823 + 709)

1208 (58.7)
66.2 (11.6)
30.8 (5.8)
327 (15.9)
132.6 (14.6)
78.1 (9.0)

1309 (65.4)
72.0 (10.4)
30.1 (5.9)
353 (17.6)
131.4 (15.3)
75.7 (9.9)

882 (57.6)
69.4 (10.9)
30.4 (6.4)
366 (23.9)
132 (13.9)
77 (9.8)

NA
390 (36.0)
493 (45.6)
181 (16.7)
18 (1.7)
975 (47.4)*

68.2 (20.0)
404 (20.9)
878 (45.4)
585 (30.2)
69 (3.6)
67 (3.3)

72.5 (19.7)
392 (25.8)
754 (49.7)
318 (21.0)
53 (3.5)
15 (1.0)

4.2 (NA)
2.2 (NA)
53.1 (16.6)

4.0 (1.1)
2.0 (0.9)
52.3 (13.4)

4.1 (1.1)
2.0 (13.9)
52 (13.0)

894 (76)
247 (21)
35 (3.0)
881 (42,8)

917 (67.3)
373 (27.4)
72 (5.3)
641 (32.0)

885 (69.7)
318 (25.1)
66 (5.2)
263 (17.2)

596 (29.5)
981 (48.5)
446 (22.0)
34 (1.7)

576 (29.2)
720 (36.5)
676 (34.3)
31 (1.5)

376 (24.7)
616 (40.4)
531 (34.9)
9 (0.6)

226 (11.0)
779 (37.9)
1016 (49.4)
807 (39.2)
8 (0.4)

437 (21.8)
714 (35.6)
951 (47.5)
602 (30.1)
13 (0.6)

214 (14.0)
549 (35.8)
707 (46.1)
583 (38.1)
28 (1.8)

1364 (66.3)
1635 (79.5)

942 (61.5)
1253 (81.8)

NA
742 (48.4)

Statins

1504 (73.1)

1301 (65.0)
1840 (91.9)
0
1568 (78.3)

Antiplatelet treatment
Anticoagulant/antiplatelet treatment

961 (46.7)
NA

1003 (50.1)
NA

CVD
CVD (incl HF)
CVD (excl HF)

409 (19.9)

2003 (100.0)

1121 (73.2)

515 (33.6)
478 (31.2)

P-creatinine values recorded as intervals was available in 97,6% (n = 2008) of patients, while e-GFR values were available for a subgroup (n = 1082).

ment guidelines for T2D management (www.vejledninger.dsam.
dk/type2/). In T2D, annual decline in kidney function increases with
degree of albuminuria. Reduced kidney function is strongly associated with increased mortality in type 2 diabetes. Thus, the ten-year
mortality in T2D patients increases from 4.1% without chronic kidney disease (CKD), to 23.9% with impaired kidney function and to
47% in individuals with both impaired kidney function and albuminuria [9].
Despite similar guidelines across countries, a large variation in
the frequency of albuminuria measurement has been observed [10],
perhaps because implementation of urine sample collection can be
less convenient as compared to blood sampling. In Denmark, a previous study in T2D patients followed in general practice reported a
less than optimal annual urinary sampling rate of 57.2%, potentially
leading to under-diagnosis and under-treatment of albuminuria
[11].
To highlight this issue, we compared data from available crosssectional reports from on T2D patients followed in the primary
care sector in Denmark, to assess and report recent developments.
The primary variable of interest was the proportion of subjects in

each report with annually measured albuminuria. In addition, we
present the proportion of participants with chronic kidney disease
(CKD) and levels of eGFR, as presence of CKD increases renal and
cardiovascular risk in a general practice population. In addition, the
use of modern antidiabetic therapies, i.e., glucagon-like peptide 1
receptor agonist (GLP-1 RA) and sodium glucose co-transporter 2
inhibitors (SGLT2i) is reported.

2. Methods
We used data from three previously conducted cross-sectional
studies in general practices in Denmark, published in 2012, 2016
and 2020, respectively. The full details of all three studies have been
published previously. The ﬁrst study had a speciﬁc focus on screening for microalbuminuria [11]. A total of 2,057 individuals with
type 2 diabetes were randomly selected from 64 general practitioner clinics (GPs) from different geographical areas of Denmark,
and electronic medical record data with particular focus on albuminuria and creatinine screening were collated. The second study
[12] collected data on prevalence of cardiovascular disease (CVD)
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among persons with T2D in general practice. Data on 2,003 patients
from 129 GPs were collected, including information on albuminuria
and eGFR levels. The third study [13], investigating co-prevalence of
T2D and chronic obstructive pulmonary disease (COPD), collected
clinical data from 823 patients with T2D and 709 patients with both
COPD and T2D from 164 GPs.
Overall, a broad selection of patients and clinic types in relation
to geography and demography was ensured.
Data are presented as mean ± standard deviation (SD, normally distributed parameters) or as median (interquartile range
(IQR)). We decided not to perform formal statistical analyses on
the proportions of albuminuria screened subjects in the three study
populations included. This decision was based on the fact that i)
the present study was merely descriptive in nature, ii) the two
latest samples (2016 and 2020) were collected for different purposes, and iii) the three study populations included were somewhat
heterogenous.
The study was approved by The Danish Data Protection Agency,
and the participation of the GPs was approved by the Danish Medical Association. Since these were (non-drug) non-interventional
studies, approvals from the ethical committee and the Danish
Medicines Agency were not mandatory.
3. Results
The clinical and laboratory characteristics of the subjects in the
three studies are presented in Table 1. In the third study [13],
the fraction of patients unscreened for albuminuria did not differ between the groups with T2D versus T2D and COPD (17.3 vs.
17.1%, respectively). For clarity, it was therefore decided to combine these two groups in the table. During the combined period
of data collection (from 2009 to 2017) the proportion of subjects
that had albuminuria measured during an observation period of
12 months, increased gradually from 57.2% to 68.0% to 82.8%. In
the ﬁrst study from 2009, there were 3% with macroalbuminuria
and 21% with microalbuminuria among the screened subjects. In
the two latter studies, these proportions were 3.6% and 4.3% with
macroalbuminuria and 18.6% and 20.8% with microalbuminuria,
respectively.
Creatinine and eGFR results were more frequently measured as
compared to albuminuria, as can be seen in Table 1, with measurements performed for between 96–99% of the study populations.
Kidney function was assessed with different level of detail in the
three studies. One of the studies, that by design had a 100% prevalence of CVD, reported that 56% of the study population had CKD
(eGFR <60 ml/min/1.73 m2 ), with no further details. The 2009 study
reported 21.5% of the population as having stage 3 CKD (eGFR
30−59 ml/min/1.73 m2 ) and 2.5% as having stage 4−5 CKD (eGFR
<30 ml/min/1.73 m2 ). The most recent study reported stage 3 CKD
in 20.8% and stage 4−5 CKD in 4.4% of the study population, respectively.
The two latter studies from 2016 and 2020 reported an increasing frequency of treatment with SGLT2 inhibitors (4.0% and 15.2%,
respectively), and GLP-1 receptor agonists (5.4% and 10.1%, respectively).
4. Discussion
We found a marked increase in the proportion of patients with
type 2 diabetes in primary care in Denmark with annual albuminuria measurement in three cross-sectional studies spanning 8
years. As screening for albuminuria is a logical prerequisite for risk
classiﬁcation leading to subsequent treatment initiation, this development is comforting. A recent Danish primary care cohort study in
patients without cardiovascular disease demonstrated that micro-
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and macroalbuminuria is associated with higher risk of stroke,
myocardial infarction and all-cause mortality, underscoring the
continuing importance of albuminuria measurement in primary
care [14]. Risk stratiﬁcation is particularly important when composing a multifactorial treatment intervention strategy as devised
from the Steno 2 study, that showed marked cardiorenal beneﬁts of intensive multifactorial intervention against blood pressure,
blood glucose, lipids, and hypercoagulation in a study population of
high-risk type 2 diabetic individuals with microalbuminuria (1–3).
The demonstration of increased albuminuria measurement frequency in general practice in Denmark over the last decade is even
more important, considering the results of recent randomized controlled trials where SGLT2 inhibitors have shown impressive risk
reductions of both renal outcomes and hospitalizations for heart
failure in high-risk populations [15–17]. Moreover, treatment with
GLP-1RA reduce albuminuria levels and in the LEADER trial, liraglutide did even slow the progression to macroalbuminuria, indicating
a renoprotective potential [18].
Thus, the beneﬁts of both treatment of established cardiorenal
risk factors as well as addition of speciﬁc kidney- and cardioprotective antidiabetic agents in persons with type 2 diabetes with
elevated albuminuria, regardless of HbA1c levels [4], are well documented, and many other potentially renoprotective agents are
being investigated [19]. However, a prerequisite for these cardiorenoprotective interventions is the identiﬁcation of persons with
type 2 diabetes and elevated albuminuria, and since the vast majority of individuals with type 2 diabetes are followed in general
practice, regular screening for (micro)albuminuria in the primary
care setting is essential.
In Sweden, a country with a similar public primary health
care system as in Denmark, measurement of albuminuria in
primary care has increased from 68.6% in 2014 to 74.4% in 2019,
according to the Swedish National Diabetes Registry (https://
www.ndr.nu/#/knappen1, accessed on October 21st 2020). In
Norway on the contrary, albuminuria screening in two crosssectional studies in primary care was low; 37.9% in 2005 and
30.3% in 2014 [20]. Another relevant comparison is the National
Diabetes Audit in the UK, reporting a decline in urine albumin measurement from 84.4% of the included population in
2013−14 to 60.8% in 2018−19 (https://ﬁles.digital.nhs.uk/B2/
24D150/REF161%20National%20Diabetes%20Audit%20201819%20Full%20Report%201%2C%20Care%20Processes%20and
%20Treatment%20Targets.pdf accessed on June 20, 2021).
The reason for the observed increase in the proportion of
albuminuria-screened among persons with type 2 diabetes in Danish general practice is probably multifactorial. Since 2011, joint
Danish national guidelines (https://vejledninger.dsam.dk/type2/)
for the treatment of persons with T2D has been published in a
collaboration between the associations of endocrine and general
practice doctors, and this approach may facilitate the dissemination
of the importance of this screening among GPs in Denmark. Moreover, the high frequency of cardiovascular outcome trials (CVOTs)
with positive renal outcomes over the latter years may also have
increased the focus on this area. In support of this hypothesis, a
recent study suggested that publication of positive CVOTs resulted
in an increased prescription of the relevant study drug, shortly after
the publication itself [21].
In parallel, and with relevance not only in individuals with
type 2 diabetes, an increased focus on CKD in general practice is
important, as the conditions has no or only few symptoms. A U.S.
mixed-method investigation found “multiple barriers to managing
CKD in primary care including at the level of the patient (e.g., low
awareness of CKD, poor adherence to treatment), the provider (e.g.,
staying current with CKD guidelines), and the health care system”,
factors that may all lead to difﬁculty in keeping CKD in focus and
achieve a high level of monitoring [22]. Many primary health care
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systems now have automated estimation of GFR, and reporting is
therefore high and may also have led to increased prescriptions of
preventive treatment [23]. Yet, to prevent renal and cardiovascular
events it is important not only to measure but also to react to lab
reports with eGFR values. In the studies included we found high
proportions of eGFR <60 ml/min/1.73 m2 , but we could not assess
the clinical consequences or treatments initiated on this basis. The
use of guideline-directed treatment with the aim of cardiorenal
protection is likely to increase in the future, as has been observed
in Scandinavian primary care between 2003 and 2015 [24]. As an
example, the standardized implementation and resulting increased
use of RAS blocking treatment in T2D may have led to a lower proportion of patients with diabetes and end stage kidney disease in
Denmark [25] as compared to USA (www.usrds.org/annual-datareport/).
On a ﬁnal note, increased attention to the monitoring and treatment of CKD, with or without presence of type 2 diabetes, should
also be the focus of primary care, and will likely be included
in future national and international guidelines. This is expected
following the publication of several studies showing clear renal
beneﬁt of SGLT2 inhibition in individuals with chronic kidney disease [17,26–28].

5. Limitations
In this study we had access to three cross-sectional samples to
assess our primary variable of interest. Therefore, these data should
be regarded as available samples with limits to its representativeness, but as yet there is no national primary care database available
in Denmark, i.e., as the CPRD in UK. The ﬁrst study [11] was initiated
with the primary purpose to assess the completeness of screening
for microalbuminuria in Danish general practice, whereas data in
the other two studies [12,13] were originally obtained for other
purposes. However, as shown in Table 1, clinical and laboratory
characteristics between samples did not differ as much as could
be expected from the selection criteria. Furthermore, in the last
study [13], the fraction of patients unscreened for albuminuria
did not differ between the groups with and without COPD (17.1
vs. 17.3%, respectively). Moreover, in the 2012 study [11], the frequency of CVD disease did not differ between the patients screened
and unscreened for albuminuria (20.2 vs. 19.4%, p = 0.68). Therefore, we chose to include this more selected sample in the article, in
order to illustrate the stepwise improvement in screening practice
over the study period. Taken together, these observations speak
against a major selection bias due to the difference in inclusion
criteria between samples.
As clinics were contacted for participation in these studies
by Boehringer Ingelheim, clinics with no interaction with pharmaceutical companies were not included, which may limit the
representativeness of our data. Similarly, only data from individuals with a certain mobility and level of function could be included,
thereby excluding persons in nursing homes etc. However, when
comparing characteristics of the participating clinics to the national
average regarding size and number of patients at each clinic, our
data corresponds well.

6. Conclusion
Albuminuria measurement in subjects with type 2 diabetes in
primary care is an important prerequisite for renal risk assessment
and proper treatment allocation. The measurement of albuminuria
has seemingly improved in primary care in Denmark since 2012,
which will provide a solid base for an improved quality of care and
prevention of cardiorenal events in the future.
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