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ABSTRACT

Background. Information on the incidence of chronic kidney disease (CKD) in the general population is scarce. This study
examined the incidence and risk factors of CKD stages 1-5 in Iceland, based on multiple markers of kidney damage.
Methods. All serum creatinine (SCr) values, urine protein measurements and diagnosis codes for kidney diseases and
comorbid conditions for people aged >18 years were obtained from electronic medical records of all healthcare
institutions in Iceland in 2008-2016. CKD was defined according to the Kidney Disease: Improving Global Outcomes
(KDIGO) criteria as evidence for kidney damage and/or estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m?
for >3 months. Alternatively, CKD was defined using age-adapted eGFR thresholds. Mean annual age-standardized
incidence of CKD was calculated for persons without CKD at study entry. Risk factor assessment was based on
International Classification of Diseases diagnosis codes. Incidence was reported per 100 000 population.

Results. We retrieved 1820990 SCr values for 206 727 persons. Median age was 45 years (range, 18-106) and 47% were
men. Mean annual age-standardized incidence of CKD per 100000 was 649 in men and 694 in women, and 480 in men
and 522 in women using age-adapted eGFR thresholds. The incidence reached over 3000 in men and women

aged >75 years. Traditional CKD risk factors, such as acute kidney injury, diabetes, hypertension and cardiovascular
disease, as well as less well characterized risk factors, including chronic lung disease, malignancy and major psychiatric
illness were associated with increased risk of CKD, and the same was true for obesity and sleep apnoea in women.
Conclusion. The annual incidence of CKD, with strict adherence to the KDIGO criteria, was <0.7% but markedly lower
using age-adapted eGFR thresholds. Apart from acute kidney injury, the observed risk factors comprised chronic and
potentially modifiable disorders.
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sl Incidence and risk factors of chronic kidney disease:
results of a nationwide study in Iceland

Reports on the incidence of chronic kidney disease (CKD) are scarce due to lack of longitudinal data.
This study examined the incidence and risk factors of CKD stages 1-5 in Iceland.
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Conclusion: The annual incidence of CKD, with strict adherence to the KDIGO

criteria, was < 0.7% but was markedly lower using age-adapted eGFR thresholds.
The majority of observed risk factors comprised potentially modifiable disorders.
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INTRODUCTION

Numerous studies on the prevalence of chronic kidney disease
(CKD) in diverse populations have been reported [1]. Assessing
the incidence of CKD is more cumbersome as it requires longi-
tudinal data for identification of new cases.

In the past, most studies on incidence of CKD have focused
on end-stage kidney disease (ESKD), defined as the receipt of re-
nal replacement therapy (RRT), as it is registered in most coun-
tries and information therefore readily available [2, 3]. Recent
studies have shown that the crude incidence of ESKD has in-
creased in both the USA and Europe over the past decades, and
although the age-standardized incidence has declined or lev-
elled off in recent years [4, 5], the global burden of ESKD is likely
to increase in the next decade [2].

Only few studies exploring the incidence of earlier stages
of CKD in the general population have been reported, demon-
strating incidence rates ranging from 76.7 to 479 per 100000
[6-8]. An important limitation of these studies is incomplete
definition of CKD in addition to ignoring markers of kidney
damage other than proteinuria [6, 7]. Studies identifying inci-
dent CKD stringently based on the Kidney Disease: Improving
Global Outcomes (KDIGO) definition, including the required
90-day duration for both estimated glomerular filtration rate
(eGFR) and proteinuria, are lacking and the same applies to the
use of other markers of kidney damage. Using multiple factors
in the definition of kidney damage will likely more accurately
estimate the true incidence of CKD [9, 10].

Commonly reported risk factors for CKD include diabetes, hy-
pertension, vascular disease and history of acute kidney injury
(AKI) [11-13]. However, studies examining the association be-
tween risk factors and incident CKD, robustly defined according
to the KDIGO criteria in the general population, have not been
published [9].

The purpose of this study was to estimate the incidence rate
of CKD stages 1-5 based on the KDIGO definition or age-adapted
eGFR thresholds in the Icelandic population and to assess pos-
sible risk factors for CKD development.

MATERIALS AND METHODS
Ethical approval

The study was approved by the National Bioethics Committee of
Iceland (VSN 13-138).

Study design and data collection

The study population has previously been described in detail
[14]. Briefly, data were collected retrospectively and included
all inhabitants of Iceland aged 18 years or older who had one
or more serum creatinine (SCr) measurements available in the
years 2008-2016. We obtained all SCr values and urine protein
and albumin determinations. We also retrieved all available
glycated haemoglobin (HbA1lc) values. Data on age, sex, hospital
discharges and diagnoses of kidney disease and comorbid
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conditions based on International Classification of Diseases,
Ninth and Tenth Revision (ICD-9 and ICD-10) codes were ob-
tained from the nationwide electronic medical record system,
as well as the date of death. Study entry for each individual was
defined as the date of his/her first SCr measurement.

Definition of CKD

CKD was defined according to the KDIGO clinical prac-
tice guideline [15]. At least two determinations of
eGFR <60 mL/min/1.73 m? >90 days apart were required,
preferably derived from outpatient SCr values. Measurements
obtained during an episode of transient SCr elevation consis-
tent with AKI, as defined by the KDIGO criteria, were excluded
[16, 17]. CKD was also defined by the presence of persistent
proteinuria manifested as urinary albumin excretion rate (AER)
>30 mg/24 h, urinary protein excretion rate (PER) >150 mg/24
h, urine albumin-to-creatinine ratio >30 mg/g or urine dipstick
value of 1+ or greater in at least two consecutive measure-
ments >90 days apart, in the absence of a urinary tract infection
defined as a positive dipstick test for leukocyte esterase or
nitrates. Proteinuria that was not consistently present was
considered non-persistent proteinuria and was not used for
identification of CKD. In addition, primary kidney disease diag-
nosis codes were used as markers of kidney damage [14]. After
identification of CKD, staging of the disorder was carried out
according to eGFR using the KDIGO classification system [15].
An alternative definition of CKD was based on age-adapted
eGFR thresholds of <75 mL/min/1.73 m? for persons aged <40
years, <60 mL/min/1.73 m? for those aged between 40 and 65
years and <45 mL/min/1.73 m? for persons aged >65 years [18].

Definition of incident CKD

Incidence of CKD was examined overall and for different stages
based on eGFR (stages G1-G5). Albuminuria stages (A1-A3) were
not examined separately. For incidence of CKD stages 1-5, all
persons with confirmed absence of CKD at study entry were in-
cluded. For definitions of incident CKD stages 1-2, 3-5, 4-5 and
5, and RRT, all persons with no evidence of the same CKD stage
at study entry were included.

Definitions of comorbid conditions

We used the ICD-9 and ICD-10 diagnosis codes or biochemical
markers to define comorbid conditions as previously described
[14].In addition, diabetes was categorized by levels of HbAlc and
Hospital Frailty Risk Score was calculated from diagnosis codes
and classified as outlined by Gilbert et al. [19].

Statistical analysis

Comparison of groups was performed employing Chi-squared
test and ANOVA. Annual age-standardized incidence was calcu-
lated for CKD stages 1-5, 1-2, 3-5, 4-5 and 5, as well as for RRT,
in relation to the population of persons aged >18 years in Ice-
land, who numbered 258565 on 31 December 2016. Incidence
was standardized to the EU 27 population. Calculation of mean
annual incidence, stratified by age groups and sex, was carried
out by dividing the number of cases each year by the number of
individuals at risk with confidence intervals calculated accord-
ing to the method described by Fay et al. [20]. Lifetime risk of CKD
was estimated by cumulative incidence calculated according to
Fine-Gray model. Persons were censored at death, accounting

for death as a competing risk. Cumulative risk calculations were
based on persons with available SCr measurement who were at
risk for incident CKD. Risk factor analysis was based on medical
conditions existing prior to the development of CKD. The earli-
est date of documentation of each risk factor was used in the
analysis. Hazard ratios (HR) for CKD risk factors were estimated
using Cox regression. Individuals entered the risk set at the age
of first SCr measurement, were followed-up until the time of
CKD identification and were censored at the time of death or
at the end of follow-up (31 December 2016). Models were ad-
justed for age by using chronological age as a timescale. Risk of
developing CKD stages 1-2, CKD stages 3-5 and CKD stages 4-5
was estimated in separate models. When estimating the risk of
CKD stages 1-2, individuals who had progressed to CKD stages
3-5 prior to CKD stages 1-2 were censored at the time of CKD
stages 3-5. Risk factors were handled in a time-dependent man-
ner based on the date of first documented diagnosis of each con-
dition. All statistical analyses were performed using R version
4.0.2 (www.r-project.org) in RStudio.

RESULTS
Characteristics of the cohort

We obtained a total of 2120 147 SCr measurements from 218437
inhabitants in Iceland, aged >18 years in 2008-2016. Figure 1
demonstrates the derivation of the cohorts used for incidence
calculations. The number of persons at risk for developing dif-
ferent stages of CKD varied. After excluding 11710 persons who
were identified with CKD upon study entry, 206727 with SCr
measurements remained at risk for developing CKD, of whom
109023 (52.7%) were women. These persons had 1820990 SCr
measurements available, with a median of 4 [interquartile range
(IQR), 2-10] per person. A total of 237 392 urine protein measure-
ments were available for 75811 of these persons, with a median
of 2 (IQR, 1-3) values per person.

Incidence of CKD

Of the 206 727 persons at risk, a total of 14286 (6.9%) developed
incident CKD stages 1-5 during the study period. Tables 1 and 2
show the characteristics of persons who developed CKD com-
pared with those who did not. The average time from study en-
try to CKD identification was 3.4 years (IQR, 1.3-5.2) and var-
ied somewhat for the different stages of CKD (Supplementary
data, Table S1). Individuals who developed CKD were older, with
a higher prevalence of comorbid conditions. The majority were
found to have CKD stage 3A as the initial stage. The mean an-
nual age-standardized incidence of CKD per 100 000 population
was 671 [95% confidence interval (95% CI) 657-685] for the en-
tire group, 649 (95% CI 630-668) for men and 694 (95% CI 674-
714) for women (Table 3). The incidence increased markedly in
the age groups >65 years, reaching approximately 4000 in men
and 3000 in women per 100000 (Figure 2). The same trend in
incidence with advancing age was seen for all stages of CKD
(Figure 2). Using the age-adapted eGFR thresholds, the over-
all incidence per 100000 was 501 (95% CI 490-513) and was
higher for women than men (Table 3). The lifetime risk of CKD
stages 1-5 presented as cumulative incidence is displayed in
Figure 3 and stratified by age and sex in Supplementary data,
Table S2. Approximately 30% of persons with prevalent CKD
had received a CKD diagnosis (N18 or N19), compared with
only 11.5% of those with incident CKD. Men were more likely
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Cohort of individuals with SCr
measurement in Iceland in 2008-2016

(n=218437)

CKD stages 1-5 at CKD stages 1-2 at
study entry excluded study entry excluded
(n=11710) (n=2128)

Individuals at risk for Individuals at risk for

CKD stages 3-5 at
study entry excluded
(n=9582) (n=938) (n=171)

Individuals at risk for

CKD stages 4-5 at
study entry excluded

CKD stage 5 at
study entry excluded

Individuals at risk for Individuals at risk for

incident CKD incident CKD incident CKD incident CKD incident CKD
stages 1-5 stages 1-2 stages 3-5 stages 4-5 stage 5
(n=206727) (n=216309) (n=208 855) (n=217499) (n=218266)
Incident CKD Incident CKD Incident CKD Incident CKD Incident CKD
stages 1-5 identified stages 1-2 identified stages 3-5 identified stages 4-5 identified stage 5 identified
(n=14286) (n=3962) (n=11626) (n=2146) (n=449)
—3768 (95%) without prior CKD —11260 (97%) without —573 (27%) without prior CKD —78 (17%) without prior CKD
—194 (5%) from CKD stages prior CKD —32 (1%) from CKD stages —371 (83%) from stages 1-4

3-5 at study entry

—366 (3%) from CKD stages
1-2 at study entry

1-2 at study entry
—1541 (72%) from CKD stages
3A/3B at study entry

at study entry

FIGURE 1: Flowchart demonstrating derivation of cohorts used for defining incident CKD, both overall and different stages. CKD, chronic kidney disease.

Table 1. Characteristics of persons with and without incident CKD
during the study period

No CKD CKD stages 1-5

(N=192441) (N =14286)
Age at study entry, years 44 (18-106) 69 (18-106)
Sex, women 101705(52.8) 7318 (52.2)
Mean time to CKD, years (IQR) - 3.4 (1.3-5.2)
First CKD stage observed?
Stage 1 - 1762 (12.3)
Stage 2 - 1811 (12.7)
Stage 3A - 9676 (67.7)
Stage 3B - 952 (6.7)
Stage 4 - 68 (0.5)
Stage 5 - 17 (0.1)
Persistent proteinuria®
At first CKD identification - 2850 (19.9)
In the study period - 3147 (22.0)
CKD based on kidney-specific
diagnosis®
Diagnosis
At first CKD identification - 1717 (12.0)
In the study period - 2423 (17.0)

Data presented as number (%) or mean (range).

2CKD stages 1-2 were identified based on kidney damage evident by either per-
sistent proteinuria or primary kidney disease diagnosis.

bDefined as urinary AER >30 mg/24 h, urinary PER >150 mg/24 h, urine albumin-
to-creatinine ratio >30 mg/g or urine dipstick value of 1+ or greater in at least
two consecutive measurements >90 days apart, in the absence of a urinary tract
infection defined as a positive dipstick test for leukocyte esterase or nitrates.
¢Kidney-specific diagnosis defined as primary kidney disease diagnosis, incor-
porated for evidence of kidney damage.

IQR, interquartile range; CKD, chronic kidney disease; AER, urinary albumin ex-
cretion rate; PER, urinary protein excretion rate.

to receive a CKD diagnosis than women (Supplementary data,
Table S3).

Incidence of different CKD stages

The mean annual age-standardized incidence of different
stages of CKD is displayed in Table 3. The mean annual age-
standardized incidence of CKD stages 1-2 was 178 (95% CI 172-
186) per 100000 and was higher in men. For CKD stages 3-5, the
incidence was 547 (95% CI 535-560) per 100 000 and was higher in
women. Using the age-adapted eGFR thresholds, the incidence
of CKD stages 3-5 was somewhat lower or 328 (95% CI 318-337)
per 100 000. For CKD stages 1-2 and CKD stages 3-5,95% and 97%
of persons, respectively, were previously identified as not having
evidence for CKD (Figure 1). For CKD stages 4-5, the mean an-
nual age-standardized incidence per 100000 was 91 (95% CI 86—
96) and was higher in women. The age-standardized incidence
of CKD stage 5 was 19 (95% CI 17-22) per 100000, with no dif-
ference between men and women. For CKD stages 4-5 and CKD
stage 5, the vast majority of individuals progressed from earlier
CKD stages (Figure 1). A total of 229 individuals initiated RRT dur-
ing the study period, yielding a mean annual age-standardized
incidence of 11 (95% CI 9-12) per 100000, with no difference be-
tween men and women (Table 3).

Risk factors for CKD

Overall, there was a similar pattern of risk factor association
with CKD development for both men and women. For inci-
dent CKD stages 1-2, the multivariate model identified diabetes,
AKI, kidney stones, hypertension, cerebrovascular disease, ma-
lignancy and increased frailty as significant risk factors for both
men and women. Of these, diabetes showed the strongest as-
sociation in the multivariable model, especially when defined
as HbAlc >8% (Table 4). For CKD stages 3-5, AKI showed a par-
ticularly strong association in both men and women, followed
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Table 2. Comorbid conditions of the study cohort, mostly based on ICD-9 and ICD-10 diagnosis codes

No CKD Incident CKD stages 1-5
(N = 192441) (N = 14 286) P-value
Hypertension 48255 (25.1) 9770 (68.4) <0.001
Diabetes mellitus—ICD? 9220 (4.8) 3573 (25.0) <0.001
Diabetes mellitus—ICD + HbA1c? 20840 (10.8) 5445 (38.1) <0.001
Coronary artery disease 14832 (7.7) 5137 (36.0) <0.001
Congestive heart failure 4113 (2.1) 2846 (19.9) <0.001
Atrial fibrillation/flutter 7826 (4.1) 3334 (23.3) <0.001
Cerebrovascular disease 5990 (3.1) 2026 (14.2) <0.001
Peripheral vascular disease 6616 (3.4) 1841 (12.9) <0.001
Hyperlipidemia 22807 (11.9) 4429 (31.0) <0.001
Obesity 18837 (9.8) 2043 (14.3) <0.001
Chronic lung disease 35236 (18.3) 4379 (30.7) <0.001
Obstructive sleep apnoea 9247 (4.8) 1554 (10.9) <0.001
Kidney stones 7408 (3.8) 1193 (8.4) <0.001
Malignancy 32211 (16.7) 4516 (31.6) <0.001
Substance abuse 25213 (13.1) 1829 (12.8) 0.31
Psychiatric disease 42213 (21.9) 3805 (26.6) <0.001
Acute kidney injury®© 11064 (5.7) 4887 (34.2) <0.001
AKI stage 1° 9261 (83.7) 3730 (76.3) <0.001
AKI stage 2¢ 1333 (12.1) 842 (17.2) <0.001
AKI stage 3¢ 470 (4.2) 315 (6.5) <0.001
Frailty risk scored
Low 106591 (55.4) 3030 (21.2) <0.001
Intermediate 75825 (39.4) 7060 (49.4) <0.001
High 10025 (5.2) 4196 (29.4) <0.001

The data represent prevalent conditions in the study period. Data are presented as number (%).

@Diabetes defined by registered ICD codes.
bDiabetes defined by registered ICD codes or HbAlc >6.5%.

¢Acute kidney injury episodes were determined according to the serum creatinine component of the KDIGO criteria.

dFrailty Risk Score categorization: low risk: <5; intermediate risk: 5-15; high risk: >15.

€Only attributable to individuals identified as having AKI.
AKI, acute kidney injury; CKD, chronic kidney disease.

Table 3. Age-standardized mean annual incidence of different stages
of CKD

Incidence per 100000 per year (95% CI)

Stages of CKD All Men Women

649 (630-668
480 (464-497

CKD stages 1-5 671 (657685 )
)
198 (188-209)
)
)

CKD stages 1-52 501 (490-513

( ) 694 (674-714)
( )
CKD stages 1-2 178 (172-186)
( )
( )

(

522 (505-540)

159 (150-169)

579 (561-597)
(
99 (

(
CKD stages 3-5 547 (535-560) 515 (498-533
CKD stages 3-5° 328 (318-337 286 (274-299 369 355-384)
CKD stages 4-5 91 (86-96) 82 (75-89) 92-107)
CKD stages 5 19 (17-22) 20 (17-24) 18 (15-21)
RRT 11 (9-12) 13 (10-16) 8 (6-11)

2CKD based on age-adapted eGFR thresholds.
CKD, chronic kidney disease; RRT, renal replacement therapy.

by hypertension and various cardiovascular diseases, whereas
a weaker but significant association was observed for diabetes
with the greatest effect size for HbAlc >8% (Table 5). While per-
sistent proteinuria was included in the definition of CKD, any
proteinuria was also evaluated as a risk factor developing CKD
stages 3-5, revealing a statistically significant association. Obe-
sity and obstructive sleep apnoea showed a significant associ-
ation in women. History of malignancy, major psychiatric dis-
orders and chronic lung disease also associated with incident
CKD stages 3-5. For development of CKD stages 4-5, women
were found to have a greater number of significant risk fac-

tors than men (Table 6). AKI had the strongest association for
both men and women. Furthermore, hypertension, cardiovascu-
lar diseases and all categories of diabetes associated with inci-
dent CKD stages 4-5. Increased frailty score associated with de-
creased risk of development of CKD stages 3-5 and 4-5 (Tables 5
and 6).

DISCUSSION

In this nationwide study that included the majority of the
Icelandic population aged 18 years or older, the overall age-
standardized incidence of CKD was approximately 0.7% when
a stringent definition based on the KDIGO criteria was used.
The incidence increased with advancing age for all stages of
CKD. However, applying age-adapted eGFR thresholds for iden-
tification of CKD results in a markedly lower incidence. Cumu-
lative incidence was noted to be higher in women at younger
age and higher in older men. Risk factors for the development
of CKD showed a similar pattern for men and women, with AKI,
hypertension, diabetes and cardiovascular disease being most
significant.

Few studies have been reported on the incidence of CKD
in the general population. The community-based EPidémiolo-
gie de I'Insuffisance Rénale chronique dans I’Agglomération
Nancéienne (EPIRAN) study estimated the incidence of CKD
in a population in Eastern France [7]. The authors identified
persons with persistently elevated SCr and defined CKD as
eGFR <60 mL/min/1.73 m?, calculated using the modification
of diet in renal disease equation. The overall age-standardized
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FIGURE 2: (A-F) Age-standardized mean annual incidence of different CKD stages according to age groups and sex. (A) CKD stages 1-5. (B) CKD stages 1-2. (C) CKD
stages 3-5. (D) CKD stages 4-5. (E) CKD stage 5. (F) Renal replacement therapy. Note difference range on y-axis in panels E and F.

— Men
— Women

60

50

Cumulative incidence of CKD (%)

|
20 40 60 80 100
Age (years)

FIGURE 3: Cumulative incidence (lifetime risk) of CKD stages 1-5 for men and
women. CKD, chronic kidney disease.

incidence was 767.1 per million population (pmp), which is ap-
proximately 7 times lower than in our study. The methods used
for identification of CKD differed from ours as we used persis-
tent proteinuria and a kidney-specific diagnosis as markers of
kidney damage, in addition to reduced eGFR. Furthermore, a sin-
gle creatinine cut-off value of >1.7 mg/dL for identification of
individuals at risk of CKD was used in the EPIRAN study, which
is likely to result in underestimation of the CKD incidence. The
same notion applies when comparison is made with a study
by Drey et al. [6] in a general cohort in the UK. The investiga-
tors observed an incidence of 1701 pmp when elevated SCr was
used for definition of CKD. Another study by van Blijderveen
et al. based on data from a primary care database in the Nether-
lands, using both eGFR and proteinuria to define CKD, showed
an age-standardized incidence of 479 per 100000 person-years
when the 90-day criterion was included, compared with 1213 per
100000 person-years when this criterion was not required [8].
These findings are more consistent with the results of our study,
although we included data from hospitals and outpatient spe-
cialty care and used kidney disease diagnoses to define CKD, in
addition to eGFR and proteinuria. Although the use of diagnosis
codes lacks sensitivity and therefore is likely to underreport the
incidence of CKD, their addition to other criteria nevertheless
would be expected to better reflect the true incidence of CKD [8].
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Table 4. Association between risk factors and incident CKD stages 1-2 for women and men

Men Women
Univariate Multivariate Univariate Multivariate

Risk factors Hazard ratio CI Hazard ratio CI Hazard ratio CI Hazard ratio CI
Hypertension 2.09 1.90-2.31 1.35 1.22-1.50 1.99 1.77-2.24 1.30 1.14-1.47
Diabetes mellitus

- HbAlc <6.5% 4.38 3.39-5.66 3.63 2.80-4.71 4.40 3.29-5.89 3.58 2.66-4.81

- HbA1lc 6.5%-8.0%2 4.64 4.06-5.30 4.05 3.53-4.65 3.68 3.10-4.35 3.18 2.67-3.78

- HbAlc >8.0%* 10.62 9.55-11.80 8.96 8.01-10.03 13.85 12.16-15.76 11.31 9.84-13.00
Coronary artery disease 1.46 1.31-1.64 0.90 0.79-1.01 1.71 1.44-2.04 1.03 0.86-1.24
Congestive heart failure 2.12 1.76-2.54 1.13 0.93-1.38 2.35 1.80-3.06 1.25 0.95-1.66
Atrial fibrillation/flutter 1.56 1.34-1.81 1.12 0.95-1.31 1.32 1.02-1.70 0.83 0.63-1.08
Cerebrovascular disease 1.77 1.50-2.09 1.31 1.11-1.56 1.76 1.39-2.22 1.33 1.05-1.68
Peripheral vascular disease 1.42 1.20-1.69 1.09 0.91-1.29 1.70 1.37-2.11 1.38 1.11-1.71
Hyperlipidemia 1.34 1.21-1.50 0.95 0.85-1.06 1.49 1.29-1.72 1.01 0.88-1.17
Obesity 2.19 1.93-2.49 1.01 0.88-1.16 1.94 1.72-2.20 1.09 0.96-1.25
Chronic lung disease 1.29 1.15-1.45 1.03 0.91-1.16 1.36 1.22-1.52 1.07 0.95-1.21
Obstructive sleep apnoea 1.76 1.53-2.02 1.02 0.88-1.18 1.94 1.53-2.47 0.97 0.75-1.24
Kidney stones 1.62 1.32-2.00 1.59 1.29-1.96 2.67 2.11-3.43 2.70 2.11-3.46
Malignancy 1.82 1.61-2.06 1.63 1.44-1.84 1.22 1.08-1.39 1.13 1.00-1.28
Psychiatric disease 0.97 0.83-1.13 0.93 0.79-1.10 1.08 0.94-1.23 1.04 0.90-1.20
Acute kidney injury 2.93 2.56-3.36 1.68 1.46-1.93 2.49 2.13-2.91 1.52 1.29-1.78
Intermediate frailty risk score 1.97 1.79-2.17 1.41 1.27-1.56 1.66 1.50-1.85 1.25 1.11-1.40
Severe frailty risk score 2.01 1.68-2.41 1.22 1.01-1.47 2.25 1.89-2.68 1.36 1.12-1.64

Cox proportional hazards model.

@Diabetes mellitus identified by ICD diagnosis codes or HbA1lc (% or mmol/mol) and stratified by worst HbAlc measurement in the study period.
Statistically significant risk factors in the multivariate model are highlighted in bold.

CKD, chronic kidney disease.

Table 5. Association between risk factors and incident CKD stages 3-5 for women and men

Men Women
Univariate Multivariate Univariate Multivariate

Risk factors Hazard ratio CI Hazard ratio CI Hazard ratio CI Hazard ratio CI
Hypertension 1.75 1.66-1.86 1.62 1.53-1.72 1.83 1.73-1.93 1.74 1.64-1.85
Diabetes mellitus

- HbAlc <6.5% 1.53 1.29-1.80 1.26 1.06-1.48 1.69 1.43-1.99 1.28 1.09-1.52

- HbA1lc 6.5%-8.0%% 1.41 1.30-1.54 1.05 0.97-1.15 1.46 1.34-1.60 1.09 0.99-1.19

- HbA1lc >8.0%/64? 1.64 1.50-1.79 1.17 1.07-1.28 1.71 1.54-1.91 1.22 1.09-1.36
Proteinuria® 2.08 1.94-2.23 1.45 1.34-1.56 1.74 1.60-1.89 1.26 1.15-1.38
Coronary artery disease 1.65 1.56-1.75 1.37 1.29-1.46 1.77 1.67-1.88 1.48 1.39-1.58
Congestive heart failure 2.74 2.54-2.95 1.93 1.77-2.10 2.46 2.27-2.68 1.57 1.43-1.72
Atrial fibrillation/flutter 1.57 1.46-1.68 1.12 1.04-1.21 1.92 1.78-2.07 1.46 1.35-1.58
Cerebrovascular disease 1.34 1.23-1.45 1.32 1.21-1.44 1.30 1.19-1.42 1.22 1.11-1.34
Peripheral vascular disease 1.46 1.35-1.58 1.26 1.16-1.37 1.47 1.34-1.61 1.27 1.16-1.40
Hyperlipidemia 1.13 1.06-1.20 0.95 0.89-1.01 1.16 1.09-1.23 1.00 0.94-1.06
Obesity 1.40 1.27-1.54 1.06 0.96-1.18 1.43 1.32-1.55 1.17 1.07-1.27
Chronic lung disease 1.23 1.17-1.33 1.12 1.05-1.20 1.26 1.19-1.33 1.13 1.07-1.20
Obstructive sleep apnoea 1.32 1.21-1.45 1.06 0.97-1.17 1.51 1.33-1.70 1.21 1.07-1.37
Kidney stones 0.95 0.82-1.11 1.01 0.87-1.18 1.00 0.80-1.24 1.07 0.86-1.34
Malignancy 1.52 1.42-1.62 1.46 1.37-1.56 1.35 1.27-1.43 1.31 1.23-1.40
Psychiatric disease 0.96 0.86-1.08 1.20 1.06-1.35 1.04 0.95-1.12 1.28 1.17-1.39
Acute kidney injury 3.64 3.40-3.90 2.90 2.70-3.12 3.12 2.93-3.34 2.73 2.55-2.93
Intermediate frailty risk score 0.93 0.88-0.99 0.61 0.58-0.65 1.05 0.99-1.10 0.68 0.64-0.72
Severe frailty risk score 0.52 0.46-0.57 0.26 0.23-0.29 0.64 0.59-0.70 0.31 0.28-0.34

Cox proportional hazards model.

2Diabetes mellitus identified by ICD diagnosis codes or HbAlc (% or mmol/mol) and stratified by worst HbAlc measurement in the study period.

bPersistent and non-persistent proteinuria defined as: urinary AER >30 mg/24 h, urinary PER >150 mg/24 h, urine albumin-to-creatinine ratio >30 mg/g or urine
dipstick value of 14 or greater, in the absence of a urinary tract infection defined as a positive dipstick test for leukocyte esterase or nitrates, with (persistent) or
without (non-persistent) requirement of at least two consecutive measurements >90 days apart.

Statistically significant risk factors in the multivariate model are highlighted in bold.

CKD, chronic kidney disease; AER, urinary albumin excretion rate; PER, urinary protein excretion rate.
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Table 6. Association between risk factors and incident CKD stages 4-5 for women and men

Men Women
Univariate Multivariate Univariate Multivariate

Risk factors Hazard ratio CI Hazard ratio CI Hazard ratio CI Hazard ratio CI
Hypertension 2.98 2.22-3.99 2.07 1.52-2.82 2.33 1.75-3.11 1.74 1.64-1.85
Diabetes mellitus

—HbAlc <6.5%* 2.44 1.38-4.32 1.21 0.68-2.16 491 3.29-7.32 1.28 1.09-1.52

- HbA1c 6.5%-8.0%* 2.85 2.06-3.93 1.67 1.20-2.33 2.60 1.87-3.62 1.09 0.99-1.19

- HbA1lc >8.0%* 3.78 2.72-5.24 1.96 1.39-2.78 4.53 3.18-6.45 1.22 1.09-1.36
Proteinuria® 6.64 5.19-8.50 2.62 2.00-3.43 5.87 4.61-7.46 1.26 1.15-1.38
Coronary artery disease 2.07 1.60-2.67 1.07 0.81-1.42 2.60 2.04-3.30 1.48 1.39-1.58
Congestive heart failure 6.02 4.60-7.89 2.34 1.72-3.20 6.73 5.20-8.69 1.57 1.43-1.72
Atrial fibrillation/flutter 2.38 1.82-3.12 1.05 0.78-1.40 3.27 2.53-4.24 1.46 1.35-1.58
Cerebrovascular disease 1.38 0.98-1.94 0.97 0.68-1.37 1.28 0.90-1.82 1.22 1.11-1.34
Peripheral vascular disease 2.15 1.59-2.91 1.40 1.02-1.91 1.58 1.11-2.26 1.27 1.16-1.40
Hyperlipidemia 1.19 0.90-1.56 0.87 0.65-1.16 1.25 0.97-1.61 1.00 0.94-1.06
Obesity 1.74 1.17-2.57 0.78 0.51-1.19 2.88 2.12-3.90 1.17 1.07-1.27
Chronic lung disease 1.61 1.23-2.11 1.09 0.82-1.44 1.43 1.12-1.82 1.13 1.07-1.20
Obstructive sleep apnoea 1.53 1.03-2.25 0.90 0.59-1.35 2.67 1.74-4.11 1.21 1.07-1.37
Kidney stones 1.03 0.53-2.01 0.99 0.51-1.94 0.74 0.24-2.29 1.07 0.86-1.34
Malignancy 1.60 1.22-2.10 1.23 0.93-1.62 1.25 0.96-1.63 1.31 1.23-1.40
Psychiatric disease 0.82 0.46-1.46 1.02 0.57-1.85 1.12 0.77-1.63 1.28 1.17-1.39
Acute kidney injury 15.52 12.02-20.03 8.36 6.29-11.12 12.26 9.67-15.53 2.73 2.55-2.93
Intermediate frailty risk score 1.13 0.87-1.46 0.69 0.53-0.90 1,21 0.94-1.57 0.68 0.64-0.72
Severe frailty risk score 0.58 0.36-0.93 0.30 0.19-0.48 0.62 0.42-0.90 0.31 0.28-0.34

Cox proportional hazards model.

2Diabetes mellitus identified by ICD diagnosis codes or HbAlc (% or mmol/mol) and stratified by worst HbAlc measurement in the study period.

bPersistent and non-persistent proteinuria defined: urinary AER >30 mg/24 h, urinary PER >150 mg/24 h, urine albumin-to-creatinine ratio >30 mg/g or urine dipstick
value of 1+ or greater, in the absence of a urinary tract infection defined as a positive dipstick test for leukocyte esterase or nitrates, with (persistent) or without
(non-persistent) requirement of at least two consecutive measurements >90 days apart.

Statistically significant risk factors in the multivariate model are highlighted in bold.

CKD, chronic kidney disease; AER, urinary albumin excretion rate; PER, urinary protein excretion rate.

Interestingly, only about 11% of persons who were identi-
fied with incident CKD in the current study had a documented
diagnosis of CKD, suggesting underreporting and/or unaware-
ness among physicians. Men were more likely to be assigned
a CKD diagnosis than women. The reasons for this are unclear
and might indicate inconsistencies in the management of CKD
among physicians.

As expected, we detected a significant association between
hypertension, diabetes and AKI, and the development of all
stages of CKD. In addition, we found cardiovascular disease to be
associated with development of CKD stages 3-5. These findings
are in line with previous studies [2, 11-13, 21, 22]. For diabetes,
the HR was highest for CKD stages 1-2, especially among those
with HbAlc >8%. The less significant association between dia-
betes and development of CKD stages 3-5 might be explained by
inadequate time for individuals with CKD stages 1-2 to progress
to more advanced stages or a competing risk of death before the
development of CKD in diabetics [23].

Obesity was associated with development of CKD stages 3-5
in women. Previous studies have demonstrated that obesity
is a risk factor for CKD [13, 24] and proteinuria [25]. Although
increased risk of CKD might be mediated through comorbid con-
ditions associated with obesity [26], it is also conceivable that
obesity has unique effects on kidney function [27]. In our anal-
ysis, we used ICD diagnosis codes for identification of obesity
which likely underestimates its prevalence, precluding detailed
assessment of the role of obesity. Moreover, we did not account
for waist circumference or hyperlipidemia analysis for better
understanding of the effects of factors comprising the metabolic

syndrome, which may be of more importance than obesity itself
[26].

CKD is known to be common among patients with malignan-
cies, although few studies have explored the incidence of CKD
in persons with a history of cancer [27]. We found malignancy to
be a risk factor for development of CKD stages 3-5 in both men
and women. We were neither able to determine which types of
malignant disorders carry increased risk for CKD, nor was it pos-
sible to establish whether the increased risk was mediated by
the cancer itself or by treatment-related mechanisms. Further
studies on incident CKD after development of cancer are needed.
Likewise, the association between frailty and CKD requires fur-
ther study.

Chronic lung disease is a less well recognized risk factor for
CKD. Although existing evidence is limited, prior studies do sup-
port our findings [28, 29]. Likewise, increased risk of CKD in pa-
tients with major psychiatric illness has not been well charac-
terized, but may in part be related to lithium treatment [30].
While additional studies are needed to define the risk of CKD in
these patient populations, our results suggest that monitoring
of kidney function should be an integral part of their long-term
care.

Kidney stones were a significant risk factor for development
of CKD stages 1-2 for both men and women. However, for higher
CKD stages, a significant association was not detected. Increased
risk of CKD has been observed among individuals with kidney
stones in several studies carried out in the general population
[31-33], though not all [34]. Most have defined CKD solely based
on reduced eGFR, precluding assessment of association with
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CKD stages 1-2. The lack of association with higher CKD stages
could possibly be explained by our stringent definition of CKD,
because a kidney stone event may associate with a transient el-
evation in SCr not fulfilling the chronicity criterion for CKD [35].

A significant strength of this study is the large sample size
and the availability of multiple SCr and urine protein measure-
ments available for the majority of persons. To our knowledge,
this is the first study to apply the KDIGO criteria in a robust fash-
ion for identification of CKD and incidence estimation. We only
included persons without evidence of CKD at baseline in this
study. For these reasons, we believe that the reported incidence
rates are accurate and generalizable to other Western nations,
although we acknowledge the variability in CKD prevalence be-
tween populations and stress the importance of further studies
with strict adherence to the KDIGO criteria for comparison.

There are, however, limitations to this study. First, the study
cohort may be prone to selection bias as the inclusion of persons
was based on available SCr measurements in the study period.
Earlier stages of CKD may be asymptomatic and unlikely to be
detected without routine screening. Although this would be the
most accurate approach to incidence estimation, it is unrealis-
tic to obtain such data for a whole nation. Since persons with
available SCr measurements are likely to be less healthy than
those without SCr values, the incidence rates obtained in our
study may be an overestimate. Second, as SCr and urine pro-
tein measurements are included in the assessment of certain
medical conditions, their association with CKD may be overesti-
mated. Third, we used ICD diagnosis codes for identification of
the majority of risk factors. For this reason, a more detailed sub-
division of risk factors, for example hypertension or obesity, was
not possible. In addition, ICD diagnosis codes may have been un-
derreported.

CONCLUSION

In conclusion, we have demonstrated that the use of stringent
definition yields an overall annual incidence of CKD of roughly
0.7% per year, but is higher and reaches almost 4% in the elderly.
This is somewhat higher than in prior studies. The use of age-
adapted eGFR thresholds results in markedly lower incidence.
Risk factors for incident CKD include AKI, hypertension, diabetes
and various cardiovascular diseases, as might be expected.

ACKNOWLEDGEMENTS

The study was supported by a grant from Landspitali University
Hospital Science Fund.

AUTHORS’ CONTRIBUTIONS

All authors have contributed to the study, AJJ., B.O.E.,, O.S.I
and R.P. to the design and A.JJ., O.S.I. and R.P. to collection of
data. AJJ., S.H.L. and O.S.I. performed the analysis. A.J.J. wrote
the initial draft and all authors have contributed to the final
manuscript.

CONFLICT OF INTEREST STATEMENT

The results presented in this article have not been published
previously in whole or in part, except in abstract form. Part of
this work was presented at the American Society of Nephrology
Kidney Week in November 2018 and at the Biennial Congress of
the Nordic Society of Nephrology in September 2019.

CONFLICT OF INTEREST STATEMENT

None.

SUPPLEMENTARY DATA

Supplementary data is available at ckj online.

DATA AVAILABILITY STATEMENT

Data are available upon request conditional on National
Bioethics Committee approval.

REFERENCES

1. Hill NR, Fatoba ST, Oke JL et al. Global prevalence
of chronic kidney disease—a systematic review and
meta-analysis. PLoS One 2016; 11: e0158765. doi:10.1371/
journal.pone.0158765

2. Liyanage T, Ninomiya T, Jha V et al. Worldwide access to
treatment for end-stage kidney disease: a systematic review.
Lancet 2015; 385: 1975-1982

3. Caskey FJ, Kramer A, Elliott RF et al. Global variation in re-
nal replacement therapy for end-stage renal disease. Nephrol
Dial Transplant 2011; 26: 2604-2610

4. United States Renal Data System. 2015. USRDS Annual Data
Report Volume 2: Epidemiology of Kidney Disease in the United
States. National Institutes of Health, National Institute of Di-
abetes and Digestive and Kidney Diseases, Bethesda, MD,
2016

5. Heaf]. Current trends in European renal epidemiology. Clin
Kidney ] 2017; 10: 149-153

6. Drey N, Roderick P, Mullee M et al. A population-based study
of the incidence and outcomes of diagnosed chronic kidney
disease. Am J Kidney Dis 2003; 42: 677-684

7. Ayav C,BeuscartJB, Briancon S et al. Competing risk of death
and end-stage renal disease in incident chronic kidney dis-
ease (stages 3 to 5): the EPIRAN community-based study.
BMC Nephrol 2016; 17: 174

8. van Blijderveen JC, Straus SM, Zietse R et al. A population-
based study on the prevalence and incidence of chronic kid-
ney disease in the Netherlands. Int Urol Nephrol 2014; 46: 583
592

9. Bash LD, Coresh J, Kottgen A et al. Defining incident chronic
kidney disease in the research setting: The ARIC Study. Am
] Epidemiol 2009; 170: 414424

10. Grams ME, Rebholz CM, McMahon B et al. Identification of in-
cident CKD stage 3 in research studies. Am J Kidney Dis 2014;
64:214-221

11. Yamagata K, Ishida K, Sairenchi T et al. Risk factors for
chronic kidney disease in a community-based population:
a 10-year follow-up study. Kidney Int 2007; 71: 159-166

12. Chawla LS, Eggers PW, Star RA et al. Acute kidney injury and
chronic kidney disease as interconnected syndromes. N Engl
J Med 2014; 371: 58-66

13. Fox CS, Larson MG, Leip EP et al. Predictors of new-onset kid-
ney disease in a community-based population. JAMA 2004;
291: 844-850

14. Jonsson AJ, Lund SH, Eriksen BO et al. The prevalence of
chronic kidney disease in Iceland according to KDIGO cri-
teria and age-adapted estimated glomerular filtration rate
thresholds. Kidney Int 2020; 98: 1286-1295

15. Kidney Disease: Improving Global Outcomes (KDIGO) CKD
Work Group. KDIGO 2012 clinical practice guideline for the

€20z Arenuer g0 uo ysenb Aq z#69€59/0621/2/G |/a101He/Bjo/woo dno-olwapede//:sdpy woly papeojumod


https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfac051#rsupplementary-data

16.

17.

18.

19.

20.

21.

22.

23.

24.

evaluation and management of chronic kidney disease. Kid-
ney Int Suppl 2013; 3: 1-150

Kidney Disease: Improving Global Outcomes (KDIGO) Acute
Kidney Injury Work Group. KDIGO clinical practice guide-
line for acute kidney injury. Kidney Int Suppl 2012; 2:
1-138

Jonsson AJ, Kristjansdottir I, Lund SH et al. Computerized al-
gorithms compared with a nephrologist’s diagnosis of acute
kidney injury in the emergency department. Eur ] Intern Med
2019; 60: 78-82

Delanaye P, Jager KJ, Bokenkamp A et al. CKD: a call for an
age-adapted definition. ] Am Soc Nephrol 2019; 30: 1785-1805
Gilbert T, Neuburger J,Kraindler ] et al. Development and val-
idation of a Hospital Frailty Risk Score focusing on older peo-
ple in acute care settings using electronic hospital records:
an observational study. Lancet North Am Ed 2018; 391: 1775-
1782

Fay MP, Feuer EJ. Confidence intervals for directly standard-
ized rates: a method based on the gamma distribution. Stat
Med 1997; 16: 791-801

Nelson RG, Grams ME, Ballew SH et al. Development of risk
prediction equations for incident chronic kidney disease.
JAMA 2019; 322: 2104-2114

Coca SG, Singanamala S, Parikh CR. Chronic kidney disease
after acute kidney injury: a systematic review and meta-
analysis. Kidney Int 2012; 81: 442-448

Thomas SM, Viberti GC. Cardiovascular risk in diabetic kid-
ney disease: a model of chronic renal disease. Kidney Int
2005; 68: S18-520

Tsujimoto T, Sairenchi T, Iso H et al. The dose-response rela-
tionship between body mass index and the risk of incident
stage >3 chronic kidney disease in a general Japanese popu-
lation: the Ibaraki Prefectural Health Study (IPHS).] Epidemiol
2014; 24: 444-451

Chronic kidney disease incidence and risk factors

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

| 1299

Tozawa M, Iseki K, Iseki C et al. Influence of smoking and
obesity on the development of proteinuria. Kidney Int 2002;
62: 956-962

Stefansson VTN, Schei ], Solbu MD et al. Metabolic syndrome
but not obesity measures are risk factors for accelerated
age-related glomerular filtration rate decline in the general
population. Kidney Int 2018; 93: 1183-1190

Stenvinkel P, Zoccali C, Ikizler TA. Obesity in CKD—what
should nephrologists know? ] Am Soc Nephrol 2013; 24: 1727-
1736

Kim SK, Bae JC, Baek JH et al. Is decreased lung function asso-
ciated with chronic kidney disease? A retrospective cohort
study in Korea. BMJ Open 2018; 8: e018928

Chen CY, Liao KM. Chronic obstructive pulmonary disease is
associated with risk of chronic kidney disease: a nationwide
case-cohort study. Sci Rep 2016; 6: 25855

Iwagami M, Mansfield KE, Hayes JF et al. Severe mental ill-
ness and chronic kidney disease: a cross-sectional study in
the United Kingdom. Clin Epidemiol 2018; 10: 421-429

Rule AD, Bergstralh EJ, Melton L] III et al. Kidney stones and
the risk for chronic kidney disease. ClinJ Am Soc Nephrol 2009;
4: 804-811

ShoagJ, Halpern J, Goldfarb DS et al. Risk of chronic and end
stage kidney disease in patients with nephrolithiasis. J Urol
2014; 192: 1440-1445

Alexander RT, Hemmelgarn BR, Wiebe N et al. Kidney stones
and kidney function loss: a cohort study. BMJ 2012; 345:
e5287

Kummer AE, Grams M, Lutsey P et al. Nephrolithiasis as a
risk factor for CKD: The Atherosclerosis Risk in Communi-
ties Study. Clin ] Am Soc Nephrol 2015; 10: 2023-2029

Haley WE, Enders FT, Vaughan LE et al. Kidney function after
the first kidney stone event. Mayo Clin Proc 2016; 91: 1744~
1752

€20z Arenuer g0 uo ysenb Aq z#69€59/0621/2/G |/a101He/Bjo/woo dno-olwapede//:sdpy woly papeojumod



