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ABSTRACT

Background. Real-world evidence on the management of chronic kidney disease (CKD) with and without type 2 diabetes (T2D) is
limited. This study described the characteristics, treatment and disease burden in patients with stage 3-4 CKD with and without T2D
in Finland.

Methods. This cohort study used data from primary and hospital care in five municipalities in Finland to identify adults with stage
3-4 CKD, defined as having either one estimated glomerular filtration rate (eGFR) measurement of 15-59 mL/min/1.73 m? followed by
a second measurement taken >90 days later, or a registered CKD diagnosis. Prevalence was determined on 31 December 2022, and
a cohort of incident stage 3—4 CKD patients was followed from the first date fulfilling eligibility criteria since 1 January 2016 (index)
until death or 31 December 2022, and analyzed by T2D status.

Results. The prevalence of stage 3-4 CKD was 6.3%. Among the 12 474 incident stage 3-4 CKD patients, the majority were non-
T2D (73%). The median age was similar for non-T2D and T2D CKD patients, respectively. Baseline albuminuria screening was 9%
among non-T2D and 53% among T2D. The use of kidney-protective treatments at index was also lower in non-T2D patients (47%),
compared with T2D patients (69%). The use of kidney-protective treatments remained unchanged during 12 months after index.
Healthcare resource utilization was high, and CKD or heart failure contributed considerably more to the all-cause healthcare costs
than atherosclerotic diseases, regardless of T2D status. In both CKD subgroups, 10% had died within 1 year.

Conclusions. In Finland, CKD is highly prevalent and associated with high risks and low use of albuminuria testing and kidney-
protective medications. Most CKD patients were non-T2D, which showed lower use of preventive management and similar risks
compared with T2D patients. These findings call for an urgent need for improved awareness and risk management, especially in
non-T2D CKD patients.
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GRAPHICAL ABSTRACT

Characteristics, treatment and disease burden among

stage 3-4 chronic kidney disease patients with and
without type 2 diabetes in Finland during 2016-2022

NEPHROLOGY DIALYSIS
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medications than patients with type 2 diabetes.

KEY LEARNING POINTS

What was known:

e Guidelines recommend monitoring kidney function at least annually in at-risk patients [especially in type 2 diabetes (T2D)]
and to use renin-angiotensin system and sodium-glucose cotransporter 2 inhibitors as first-line chronic kidney disease (CKD)
treatments.

¢ Too few patients with T2D undergo regular monitoring. The prevalence and management of non-T2D CKD and non-T2D patients
at risk of CKD is less clear.

This study adds:

» The prevalence of stage 34 CKD in Finland is 6.3%.

e Three in four individuals with CKD do not have T2D.

e CKD patients without T2D are also at high risk of morbidity and mortality, but remain neglected in terms of albuminuria screen-
ing, diagnosis and kidney-protective treatments.

Potential impact:

e These findings highlight the urgent need for increased awareness and improved risk management among CKD patients

e This study shows that CKD is not only a disease of concern for patients with T2D.

e The alarming findings with lack of albuminuria screening and kidney-protective treatment inertia despite a high disease risk
underscore the need for action.

INTRODUCTION management of individuals at risk of CKD [diabetes, high blood
pressure, cardiovascular disease (CVD)].

Regular monitoring of kidney function and early detection
of albuminuria in at-risk patients is key in prevention of CKD
and its progression. Kidney function can be monitored with rela-
tively inexpensive laboratory measurements, including estimated
glomerular filtration rate (eGFR) and urine albumin creatinine

Chronic kidney disease (CKD) is one of the most prevalent non-
communicable diseases globally, putting a huge burden on health-
care systems. CKD is estimated to affect one in ten individuals
worldwide and its prevalence and the burden of associated com-
plications is expected to increase with an aging population [1-5].
Thus, there is an urgent need to raise awareness and improve the
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ratio (UACR). Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines recommend assessing eGFR and albuminuria
annually in patients with diabetes and at least annually in pa-
tients with confirmed CKD [6]. Finnish national guidelines recom-
mend annual screening in patients with diabetes and screening
every 1-2 years in patients with hypertension, followed by mon-
itoring at least once a year if CKD is confirmed [7, 8]. However,
previous reports have shown that too few patients with type 2
diabetes (T2D) undergo regular monitoring [9]. The monitoring
among non-T2D CKD and non-T2D at risk of CKD patients is un-
known. These patients are heterogenous as several common risk
factors exist for CKD [5]. Thus, more data are needed on these pa-
tients to fully understand the burden and challenges in the man-
agement of CKD.

Early diagnosis of CKD allows prompt initiation of the treat-
ment with kidney-protective medications. Renin-angiotensin sys-
tem inhibitors (RASi) and sodium-glucose cotransporter 2 in-
hibitors (SGLT?2i) are recommended as first-line CKD treatments,
regardless of diabetes status [6], but adherence to these beneficial
treatments is less clear.

The aims of the present study were, first, to show the preva-
lence of stage 3-4 CKD, and second, to describe the patient char-
acteristics, treatment and disease burden in the incident CKD pa-
tient population with and without T2D identified in Finnish public
healthcare.

MATERIALS AND METHODS
Study design and permissions

This observational study was conducted in accordance with the
Declaration of Helsinki and the Act on Secondary Use of Health
and Social Data. The study protocol and data requests were ap-
proved by the wellbeing services county of Central Uusimaa, Fin-
land, Finnish Social and Health Data Permit Authority, Findata,
and Statistics of Finland. Data permission numbers are provided
in Supplementary methods.

Study populations, data extraction

and study period

The electronic health records of potential CKD patients, identified
in primary care in the municipalities of the wellbeing services
county of Central Uusimaa (Keusote) and city of Turku, were
linked with respective primary and secondary/tertiary care
laboratory data (data lakes of Hospital Districts of Helsinki and
Uusimaa and Southwest Finland) and national register data.
The national data included primary and secondary/tertiary care
contacts (the Register of Primary Health Care Visits and the Care
Register for Health Care, Finnish Institute for Health and Wel-
fare, THL), reimbursed outpatient medications (Social Insurance
Institution Finland, SII), and causes of deaths (Statistics Finland;
Supplementary data, Fig. S1). Linkage of individual-level data
across different registers was enabled by using the personal iden-
tification numbers, and the pseudonymized data were analyzed
in a secure data environment. The last data point available was
31 December 2022 (end of study, EOS).

The final study populations included stage 3—4 CKD patients of
five Finnish municipalities (Hyvinkd4, Jarvenpdd, Méntséld, Por-
nainen and Turku; two of six Keusote municipalities were ex-
cluded due to data quality issues; Supplementary data, Fig. S1).

Stage 3—-4 CKD definition

Stage 3-4 CKD was defined as having an eGFR of 15-
59 ml/min/1.73 m? confirmed by two measurements taken

>90 days apart, or as having a CKD diagnosis validated with at
least one eGFR measurement up to 1 year before or up to 14 days
after the recorded diagnosis (Supplementary data, Table S1).
Eligible individuals were indexed at the first-ever date fulfilling
the confirmed stage 3—4 criteria: date of diagnosis or date of sec-
ond (confirmatory) eGFR measurement. We excluded individuals
aged <18 years at index or patients with records of stage 5 CKD
or dialysis or gestational or type 1 diabetes before index date
(Supplementary data, Table S1).

Two final study cohorts were formed: prevalent and incident
cohorts (Supplementary data, Fig. S1).

Prevalent stage 3-4 CKD patients

The prevalent cross-sectional cohort included all identified stage
3-4 CKD patients on 31 December 2022. The annual point preva-
lence was calculated as the number of patients alive and still in
stage 3-4 CKD on 31 December 2022 reported per 100 000 adult
population.

Incident stage 3-4 CKD patients

These CKD patients were indexed at the date of newly detected
stage 3-4 CKD between the years 2016 and 2022. The incident
cohort was divided in subgroups according to baseline T2D sta-
tus (T2D vs non-T2D), defined as having a T2D diagnosis (In-
ternational Classification of Diseases, Tenth Revision E11) or
medication (Anatomical Therapeutic Chemical A10) or HbAlc
>48 mmol/mol (Supplementary data, Fig. S1).

Baseline characteristics

Use of medications was based on at least one reimbursed pur-
chase during the year prior to the index (Supplementary data,
Table S2). For laboratory measurements, the closest laboratory
value up to 3 years prior to index, or 14 days post-index (see
the eligibility criteria) was considered. For estimation of GFR,
the CKD Epidemiology Collaboration equation was used [10]. Co-
morbidities were searched from all available data prior to index
(Supplementary data, Table S1).

Clinical outcomes

The following clinical outcomes were reported for the incident co-
hort as total number of events per 1000 patient years (PYs) dur-
ing 1 year post index: All-cause and CVD mortality, as well as in-
patient hospitalizations due to kidney disease (including acute,
chronic, unspecified, diabetic, and hypertensive kidney disease,
dialysis, glomerular diseases and renal tubulointerstitial disease),
heart failure (HF), cardiorenal disease, myocardial infarction (MI)
and stroke (Supplementary data, Table S1). For disease-specific
hospitalizations, both main and side diagnoses were considered.
Patients without events were followed until EOS, 1 year post-
index or death, whichever occurred first. In addition to describ-
ing plasma potassium levels at baseline, the cumulative incidence
of patients with plasma potassium levels >5.5 mmol/L during
follow-up was assessed using mean cumulative function from in-
dex until maximum 5 years of follow-up, and accounting for death
as competing risk.

Costs of healthcare resource use

Healthcare resource use was analyzed based on the data in the
Register of Primary Health Care Visits and the Care Register for
Health Care (THL) which contain all in- and outpatient con-
tacts of public healthcare in Finland. Respective costs were deter-
mined in euros and based on publicly available unit costs of the
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healthcare in 2017 [11]. The unit costs include the average costs of
examinations, procedures, operations, inpatient medications and
overheads estimated for each unit, and the type of contact/visit
and occupational group/specialty field [11]. For contacts without
relevant cost available, mean cost among all entries with valid
cost of same type was used.

Costs were summarized cumulatively using mean cumulative
function from index until maximum 5 years of follow-up. Patients
were censored at EOS or death, whichever occurred first. Mean cu-
mulative function was fitted separately for all-cause costs, and by
disease group (CKD, HF, MI, stroke and peripheral artery disease,
and other CVD; Supplementary data, Table S1). Contacts were al-
located to disease groups if either the main and/or side diagnoses
fulfilled the criteria, thus events could be included in multiple dis-
ease groups [1, 12-14].

Utilization of kidney-protective medications

Longitudinal patterns of RASi, SGLT2i and dapagliflozin
uptake were determined based on filled prescriptions
(Supplementary data, Table S2). On/off treatment status of each
patient was followed on daily basis from 6 months prior to index
until 12 months post index, death or EOS, whichever occurred
first [12]. Dapagliflozin uptake was analyzed from 6 months prior
approval for the treatment of CKD until 12 months post-approval.
If a new purchase occurred before the previous package had
been finished, it was assumed to be used after the previous one.
A patient was considered to be off treatment from the last day
covered until the collection of a new medication package, if
any. The proportion of patients on treatment was defined as the
number of patients on treatment divided by patients at risk.

Statistical analysis

All analyses were descriptive and performed using R-4.0.3 [15].
Mean incidence was calculated for the period 2010-2022 with
95% confidence intervals (Cls) derived from Poisson approxima-
tion. The presence of monotonic trend was assessed using Mann—
Kendall trend test. Standard summary statistics were reported
for patient characteristics; mean with standard deviation and/or
median with interquartile range for continuous variables, and
the number and proportion of patients for categorical variables.
Differences were reported using standardized mean differences
(SMD), and where more than 10% was considered to represent a
significant difference.

RESULTS
Prevalence and incidence

Study cohorts were established based on data from five Finnish
municipalities, which together represent approximately 5.7%
(0.32 million) of the total Finnish population (5.6 million). In these
municipalities in 2022, a total of 16 813 individuals with stage 34
CKD were alive and had not progressed to stage 5, representing a
prevalence of 6.3% in the total background population of 263 383
adult inhabitants. The mean incidence during 2010-2022 was 750
cases per 100 000 adult population (Supplementary data, Fig. S2).

Baseline characteristics of incident CKD patients

Between January 2016 and December 2022, a total of 12 474 pa-
tients were identified with incident stage 3-4 CKD where the
majority were non-T2D (73%; n = 9158). When comparing non-
T2D with T2D patients, they were similar in age (median age,
76 vs 75 years) and eGFR (55 vs 55 mL/min/1.73 m?) (Table 1).

Overall, the utilization of albuminuria testing was low (20%) in
patients with newly detected CKD, with a substantial difference
between those without and with T2D, 9% and 53%, respectively
(SMD 109.7%) (Table 1). The median potassium level at baseline
was 4.0 mmol/L, whereas potassium levels >5.5 mmol/L at base-
line was experienced by 0.4% and 0.8% of patients without and
with T2D (SMD -5.9%), respectively (Table 1). Patients without
T2D had slightly lower comorbidity burden; 11% vs 18% for HF
(SMD -18.7%), 9% vs 14% for myocardial infarction (SMD -15.4%),
and 21% vs 25% for atrial fibrillation (SMD -10.2%), respectively
(Table 1). Baseline CKD diagnoses were scarce, 13% and 19%, re-
spectively (SMD -15.0%) (Table 1). The proportion of individu-
als with a recorded CKD diagnosis increased only slightly during
the follow-up, with only 25% in non-T2D and 36% in T2D hav-
ing a recorded CKD diagnosis by the end of follow-up. In patients
without T2D, treatment with both kidney- and cardiovascular-
protective medications, like RASI/SGLT2i (55% vs 79%, SMD —
51.4%) and statins (38% vs 64%, SMD -53.2%), was lower than in
patients with T2D (Table 1).

Kidney-protective treatment

At the time of newly detected stage 3-4 CKD, no change in the
utilization of kidney-protective medications was observed (Fig. 1;
Supplementary data, Fig. S3). The proportions of patients on
kidney-protective medications remained unchanged 12 months
post-index in both CKD subgroups: 47% in non-T2D and 67% in
T2D (Fig. 1).

Post-approval uptake of novel kidney-protective
drugs

In a separate analysis of incident CKD patients following the ap-
proval of SGLT?2i (dapagliflozin) for CKD treatment, the general up-
take was very low, i.e. no change in proportions of patients treated
with dapagliflozin before and after approval (Fig. 2).

Risks of clinical outcomes

Patients with newly detected stage 3-4 CKD had 10% risk of all-
cause mortality within the first year, irrespective of diabetes sta-
tus (Supplementary data, Fig. S4); 101 and 103 deaths per 1000
PYs in non-T2D and T2D CKD, respectively (Fig. 3). Accordingly,
CVD mortality rate was 29 and 40 deaths per 1000 PYs. The risk of
severe complications requiring hospitalization was mainly driven
by cardiorenal diseases, like CKD or HF, and less by atheroscle-
rotic CVDs, like MI, stroke or peripheral artery disease. A similar
pattern of event rates was observed in patients with and without
T2D (Fig. 3). All-cause hospitalization rate was high in both CKD
subgroups: 551 and 707 events per 1000 PYs in non-T2D and T2D,
respectively.

Throughout follow-up, the proportion of patients with potas-
sium levels >5.5 mmol/L, was twice as high among T2D patients
compared with non-T2D patients (Supplementary data, Fig. S5).

Healthcare costs per patient

During 5 years, the total all-cause accumulated healthcare costs
per patient were 13 000 euros (95% CI 12 000-14 000 euros) in
non-T2D and 18 000 euros (95% CI 16 000-20 000 euros) in T2D
(Supplementary data, Fig. S6). Cardiorenal complications (CKD or
HF) contributed considerably more to the all-cause healthcare
costs than the atherosclerotic CVD complications (Fig. 4). This
pattern was similar irrespective of diabetes status. As expected,
hospitalizations contributed to the costs already 1 year before

G20z Arenuer g uo 1sanb Aq Z9€588./27Z2eIB/PU/E60 L 0L /10p/9[0IlE-90UBADE/PU/WOO"dNO-olWapede//:SdRy WOy papeojumoq


https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae242#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae242#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae242#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae242#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae242#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae242#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae242#supplementary-data

K. Metsérinneetal. | 5

Table 1: Baseline characteristics of individuals with incident stage 3-4 CKD in Finland 2016-2022.

Variable All Non-T2D T2D SMD (%)¢
N 12 474 9158 3316
Age (years), median (IQR) 76 (70; 82) 76 (70; 83) 75 (69; 81) 8.2
Females, 1 (%) 7448 (60) 5772 (63) 1676 (51) 25.4
Comorbidities, n (%)?
CKD diagnosis 1850 (15) 1224 (13) 626 (19) -15.0
Myocardial infarction 1261 (10) 808 (8.8) 453 (14) -15.4
Stroke 1893 (15) 1366 (15) 527 (16) 27
Peripheral artery disease 633 (5.1) 385 (4.2) 248 (7.5) -14.0
Atrial fibrillation 2743 (22) 1909 (21) 834 (25) -10.2
Any heart failure 1654 (13) 1053 (11) 601 (18) -18.7
Cancer 2566 (21) 1906 (21) 660 (20) 2.3
Laboratory measurements®
Blood hemoglobin (g/L), median (IQR) 135 (123; 145) 135 (124; 145) 132 (121; 144) 11.1
Missing/not measured 112 (0.9) 90 (1) 22 (0.7) 3.5
Plasma potassium (mmol/L), median (IQR) 4.00 (3.90; 4.30) 4.00 (3.90; 4.30) 4.00 (3.90; 4.40) -15.8
Plasma potassium <5.0 mmol/L, n (%) 11 631 (95) 8576 (96) 3055 (93) 13.9
Plasma potassium >5.0 mmol/L, n (%) 593 (4.9) 357 (4.0) 236 (7.2) -13.9
Plasma potassium >5.5 mmol/L, n (%) 60 (0.5) 33 (0.4) 27 (0.8) -5.9
Plasma potassium >6.0 mmol/L, n (%) 23(0.2) 11 (0.1) 12 (0.4) -4.9
Missing/not measured 250 (2) 225 (2.5) 25 (0.8) 13.6
eGFR (mL/min/1.73 m?), median (IQR) 55 (50; 58) 55 (50; 58) 55 (49; 58) 11.1
eGFR 45-60 mL/min/1.73 m2, n (%) 10 781 (86) 7993 (87) 2788 (84) 9.3
eGFR 30-45 mL/min/1.73 m?, n (%) 1405 (11) 973 (11) 432 (13)
eGFR 15-30 mL/min/1.73 m2, n (%) 288 (2.3) 192 (2.1) 9 (2.9)
UACR categories (mg/mmol), n (%) 27.8
Al (<3 mg/mmol) 1926 (76) 650 (84) 1276 (73)
A2 (3-30 mg/mmol) 480 (19) 93 (12) 387 (22)
A3 (>30 mg/mmol) 123 (4.9) 34 (4.4) 89 (5.1)
Missing/not measured 9945 (79.7) 8381 (91.5) 1564 (47.2) 109.7
Pharmacological treatments, n (%)¢
Statins 5585 (45) 3474 (38) 2111 (64) -53.2
RASI 7640 (61) 5078 (55) 2562 (77) —47 4
SGLT2i 420 (3.4) 0(0) 420 (13) -53.8
SGLT2i and/or RASi 7693 (62) 5078 (55) 2615 (79) -514

@Based on all available data prior to index.

PThe closest laboratory value up to 3 years prior to index (or 14 days post-index, see eligibility criteria). The numerical categories of UACR and plasma potassium
indicate the proportion to the total number of assessed patients for whom the respective data was available.

“Based on data recorded 1 year prior to index.
dAbsolute SMD of >10% is considered to represent a significant difference.

For laboratory variables that are missing/not measured, the SMD is calculated as binary variable for missing vs non-missing.

IQR, interquartile range.

index and remained the main driver across the follow-up time
(Supplementary data, Fig. S7).

DISCUSSION

This study showed that the prevalence of stage 3-4 CKD was as
high as 6.3%. Moreover, we showed that newly detected stage 3-4
CKD patients were at high risk of dying and having severe clini-
cal events, irrespective of diabetes status. Overall, CKD patients
had high all-cause healthcare costs, and cardiorenal complica-
tions (CKD or HF) contributed considerably more to the healthcare
costs than atherosclerotic diseases, with similar pattern among
non-T2D and T2D CKD patients, respectively. The majority of all
CKD patients were non-T2D patients, which, compared with T2D
patients, were more neglected in terms of albuminuria screening
and utilization of recommended kidney-protective medications.

These key findings are consistent with previous literature with
regard to proportion of T2D among CKD patients [1, 12], under-
utilization of albuminuria screening [16, 17], treatment inertia
[18], cardiorenal risk drivers [1, 12], cardiorenal cost drivers [1, 12]
and mortality [16].

To overcome challenges in identification of CKD patients, we
used both diagnostic codes and pathological kidney function tests
in cohort formation [1], which allowed a more complete assess-
ment of CKD, with an estimated prevalence of 6.3%, being in line
with evidence from a previous multi-country study [1]. The preva-
lence would have been lower if estimated based on diagnostic
codes only [17, 18]. In this study, only one in four CKD patients
had a recorded diagnosis at end of follow-up. The prevalence of
CKD based on eGFR values and CKD diagnoses was in fact close
to the prevalence of T2D in Finland, 7% [19]. Thus, CKD should be
considered as a common disease, similar to T2D. It is known that
CKD is a major risk factor for CV events, even without the pres-
ence of T2D [5]. In this study, non-T2D CKD patients showed high
1-year morbidity and similar 1-year mortality to T2D patients.
Risks and healthcare costs were driven by cardiorenal complica-
tions as compared with atherosclerotic diseases. Therefore, CKD
needs to be diagnosed, treated and followed up accordingly, re-
gardless of T2D status. Our findings showed that T2D patients had
twice the risk of hyperkalemia during follow-up than non-T2D pa-
tients, which is in line with previous studies [20]. Moreover, this
could also partly be explained by the higher proportion of RASi
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Figure 1: Uptake of RASi and/or SGLT2i in incident stage 3-4 CKD patients, with and without T2D. Uptake was followed on daily basis from 6 months
prior to index (Day 0) until 12 months post-index. Each data point represents the proportion of individuals on treatment.
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prescriptions among T2D patients than non-T2D patients, since
RASI is also a well-known risk factor for hyperkalemia, in addi-
tion to CKD and T2D [20].

The true prevalence of stage 3-4 CKD in Keusote and Turku mu-
nicipalities is likely higher than estimated in this study because it
depends on the coverage of kidney function screenings. As the co-
hort comprises patients with eGFR values of 15-59 mL/min/1.73
m?, there are no patients without a creatinine/eGFR value. Never-
theless, the low coverage of baseline UACR screening in this CKD
cohort is in line with observations in T2D patients in several re-
gions in Finland and again confirms the lack of compliance to this
important aspect [9, 16]. Early diagnosis of CKD, preferably already
in stages 1 and 2, enables the initiation of kidney-protective treat-
ments to slow down the progression of CKD. This underlines how
crucial it is to find and inform of ways to improve the screening
practice which mainly takes place in the primary care [21]. A more
systematic approach to screening for CKD in at risk patients with
both the eGFR and UACR measurements is needed.

RASI are the mainstay treatment of diagnosed CKD, with
clinical trials showing kidney-protective effects and beneficial
cardiovascular risk reduction [22-25]. More recently, clinical trials
have shown that SGLT2i reduce the risk of CKD progression and
cardiovascular events, regardless of diabetes status [26]. The
baseline use of RASI/SGLT2i in 55% of non-T2D CKD patients
is therefore extremely low, showing no improvement even after
the identification of CKD. These data are in line with previously
published European data with over half of the CKD population
receiving RASI treatment and only a minority receiving SGLT2i [1].
RASI/SGLT2i treatment inertia suggests there may be a potential
for increased use of recommended CKD therapies. The low use
of kidney-protective medications may partly result from poor
adherence to prescribed treatments. This could be due to several
patient- and healthcare-related factors which, however, were not
in the focus of the present study. In general, the doctor-patient
relationship, shared decision-making, continuous patient educa-
tion and personalized treatment plans are a few key factors in
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Figure 3: One-year mortality and hospitalization rates in stage 3—-4 CKD,
with and without T2D. Events reported per 1000 patient years for
all-cause mortality and hospitalizations with any main/side diagnosis of
CKD, HF, stroke or MI.
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Figure 4: Cumulative direct public healthcare costs per patient in
incident stage 3-4 CKD, with and without T2D. Costs associated with HF,
CKD, stroke, peripheral artery disease (PAD) and MI as a primary or
secondary cause of the contact (one contact may be included in more
than one disease group). All costs were reported in euros (€) at 2017
price level. 95% CIs and patients at risk included.

adherence to pharmacological treatments and these aspects
should also be studied for CKD treatments [27]. The screening for
CKD including testing for UACR in at risk patients as well as the
initiation of kidney-protective medications should mostly take
place in primary care where both general practitioners (GPs) and
nurses follow up and treat these patients. Moreover, CKD patients
are often asymptomatic in early stages and therefore problem-
atic symptoms do not prompt patients to take their medication.
Therefore, both GPs, nurses and patients need to be educated.

This study was based on secondary use of data extracted from
Finnish hospital records and national registers. Health, social
and administrative registers in Finland are known for their high-
quality data and accurate linkage of data from multiple data
sources. The study was carried out in public healthcare setting,
where patients at risk for kidney function decline are mainly
followed up in primary healthcare, with severe complications
treated in secondary/tertiary care. Thus, the extraction of patient
population from primary care should identify most of the relevant
CKD patients treated in public healthcare of assessed municipali-
ties. However, we may have missed individuals with CKD based on
diagnostic code only or based on UACR measurements only. More-
over, data for the patients also treated at private care may be in-
complete. Emigration from geographical areas of interest was not
considered in the analysis of the prevalence of CKD.

Limitations also exist in the analysis of comorbidities, which
was dependent on diagnostic code assignments known to be bi-
ased due to underreporting. Medication data was derived from
purchases and thus might not fully reflect the actual medica-
tion utilization. Moreover, Finland’s reimbursement situation al-
lowed assessment of dapagliflozin-specific treatments only for a
short time period. The study period includes the COVID-19 pan-
demic, which was associated with a temporary decrease in the
number of healthcare visits in Finland [28, 29]. Although this
may have impacted patients’ prognosis due to delayed diagnosis
(Supplementary data, Fig. S2), we did not observe any decline in
the uptake of kidney protective medications (SGLT2i and/or RASI)
by calendar year of incident CKD (data not shown), but rather a
small increased uptake from 2016 to 2022. Lastly, this study in-
cluded five municipalities and thus may not be completely gen-
eralizable across Finland, where e.g. the coverage of albuminuria
screening is known to vary by region [30].

CONCLUSIONS

This study shows that CKD is a common disease in Finland, com-
parable to the prevalence of T2D, but remains neglected in terms
of albuminuria screening and kidney-protective RASi/SGLT2i
treatments, especially in non-T2D, which showed similar disease
pattern as those with T2D. Cardiorenal complications (CKD or
HF) contributed considerably more to the all-cause healthcare
costs than the atherosclerotic CVD complications. These data call
for an urgent need to improve awareness and risk management,
especially in the larger, non-T2D group of CKD patients. Similar
studies in Finland and more detailed studies assessing ways to
improve CKD screening and healthcare/patient adherence to
kidney-protective treatments should be carried out in the future.

SUPPLEMENTARY DATA

Supplementary data are available at Nephrology Dialysis
Transplantation online.
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