Clinical Epidemiology

Dove

ORIGINAL RESEARCH

Risk of Anemia in Patients with Newly Identified
Chronic Kidney Disease — A Population-Based

Cohort Study

Seren Viborg Vestergaard

Uffe Heide-Jorgensen'
Heleen van Haalen?

Glen James®
Katarina Hedman*

Henrik Birn>®
Reimar Wernich Thomsen
Christian Fynbo Christiansen

'Department of Clinical Epidemiology,

Aarhus University Hospital, Aarhus,

Denmark; 2Health Economics & Payer

Evidence, AstraZeneca, Gothenburg,
Sweden; 3Epidemiology, AstraZeneca,

Cambridge, UK; “Biometrics,

AstraZeneca, Gothenburg, Sweden;
SDepartment of Renal Medicine, Aarhus
University Hospital, Aarhus, Denmark;
®Department of Biomedicine, Aarhus

University, Aarhus, Denmark

Correspondence: Sgren Viborg

Vestergaard

Department of Clinical Epidemiology,
Aarhus University Hospital, Olof Palmes
Allé 43-45, Aarhus N 8200, Denmark
Tel +45 87168514

Email sovi@clin.au.dk

This article was published in the following Dove Press journal:
Clinical Epidemiology

Purpose: Anemia is prevalent in patients with chronic kidney disease (CKD), but the
longitudinal risk of anemia in patients with newly identified CKD is unknown. We therefore
examined the risks of experiencing anemia in persons with newly identified CKD.
Patients and Methods: This cohort study included adult patients with newly identified
CKD stages 3-5 defined by an estimated glomerular filtration rate (¢GFR) level <60 mL/min/
1.73m? (at least two measurements >90 days apart) ascertained from a population-based
registry with complete laboratory test results in Northern Denmark (population ~2.2 million)
during 2009-2016. We calculated 1) cumulative incidence (risk) of anemia [hemoglobin <12/
<13 g/dl in women/men] by CKD stage, and 2) adjusted hazard ratios (HRs) of anemia using
Cox regression analyses.

Results: We identified 55,940 distinct individuals with newly identified CKD stages
3-5 and no prevalent anemia [n=41,958 patients in stage 3a, n=17,875 in stage 3b,
n=5182 in stage 4, and n=931 in stage 5]. After one year, 42.3% (95%-confidence
interval [CI]: 41.9-42.7) of patients with CKD stages 3—5 had newly measured anemia,
increasing to 67.7% (95%-CI: 67.2-68.2) after five years. The absolute and relative
anemia risk increased markedly with higher CKD stages. The adjusted HR of any
anemia was 5.42 (95%-CI: 5.09-5.77) in patients with CKD stage 5 compared to
patients with CKD stage 3a.

Conclusion: Patients with newly identified CKD stages 3—5 have a substantial risk of
anemia, increasing with higher CKD stages. This study underlines that clinical awareness
of anemia risk is important in patients with newly identified or progressed CKD.

Keywords: anemia, chronic kidney disease, CKD, epidemiology, cohort study

Introduction
Anemia is common in patients with chronic kidney disease (CKD),' increasing the
risk of cognitive impairment, sleep disturbances, cardiovascular comorbidities, need
for dialysis, and all-cause mortality.>

Current knowledge is limited to data from cross-sectional studies reporting
a prevalence of anemia ranging from 5% to 51%'! in patients with CKD stage 3
(estimated glomerular filtration rate [eGFR] = 30-59 mL/min/1.73 m?) and from
53% to 97%%'" in patients with stage 5 CKD (eGFR <15 mL/min/1.73 m?).
However, anemia prevalence in persons with prevalent CKD depends on duration
of CKD and on clinical management of anemia, reducing the utility of the reported

prevalence in clinical care.
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The exact longitudinal risk of developing anemia in
patients with newly identified CKD stages 3—5 (eGFR
<60 mL/min/1.73 m?) remains unknown.

We therefore examined the risk of newly measured
anemia in patients with newly identified CKD stages 3—5
in a large population-based cohort study conducted in
Northern Denmark during 2009-2016.

Patients and Methods

Setting

We conducted a population-based cohort study using data
from routine inpatient and outpatient clinical care in
Northern Denmark during January 1, 2009 through
December 31, 2016 (source population ~2.2 million).
The study included all adult patients with newly identified
CKD stages 3—5, based on eGFR derived from plasma
creatinine values, and followed them for anemia diagnosed
on the basis of a low blood hemoglobin (Hb) level.

Data Sources

The Civil Registration System'* contains a personal iden-
tification number for every Danish citizen, encoding date
of birth and sex of each person. It allows unambiguous
linkage between public registries, enabling lifetime fol-
low-up of patients receiving care from the Danish univer-
sal health system.

The Laboratory Information System'? is a registry con-
taining laboratory test results from hospital laboratories in
Northern Denmark since 1997. These encompass tests
ordered during routine clinical care of inpatients and out-
patients (at both hospital clinics and general practices in
the community). For every test, the registry includes type
of test, test result, and exact date of the analysis.

The Danish National Patient Registry'* contains
records of hospital inpatient admissions since 1977, and
emergency room visits and outpatient clinic contacts since
1995. Data include dates of admission and discharge,
hospital and department codes, surgical procedures and
major treatments, and primary and secondary discharge
diagnoses. Since 1994, diagnoses have been coded accord-
ing to the Danish version of the International Classification
of Diseases, Tenth Revision (ICD-10).

The Danish National Prescription Registry'® contains
data on all prescriptions filled at Danish outpatient phar-
macies since 1995, including drug type classified accord-
ing to the Anatomical Therapeutic Chemical (ATC)
classification system.

Study Design

Definition of Newly Identified CKD

We obtained all recorded plasma creatinine tests in Northern
Denmark during 1997-2016 and calculated eGFR from
these using the four-variable modification of diet in renal
disease (4v MDRD) formula without correction for race, as
majority of Danes are Caucasian.'® CKD stage 3—5 was
defined as two eGFRs <60 mL/min/1.73 m2 at least 90
days apart, with no eGFR estimate above this threshold
between these two tests.'” We considered CKD as newly
identified when it was first observed during the study period
2009-2016, ie, criteria were not fulfilled during 1997-2008.
The date of the second and qualifying eGFR was defined as
the index date for newly identified CKD stage 3-5. The
CKD stage at index was defined by the maximal eGFR
measurement during the >90 day period, classified as stage
3a (eGFR between 45 and 59 mL/min/1.73 m?); stage 3b
(eGFR between 30 and 44 mL/min/1.73 m?); stage 4 (eGFR
between 15 and 29 mL/min/1.73 m?); and stage 5 (eGFR
less than 15 mL/min/1.73 m?)."”

Study Cohorts

During 2009-2016 we identified five cohorts of patients at
least 18 years old with newly identified or newly pro-
gressed to stage 3a, 3b, 4, 5, or any stage 3—5 CKD (first
entry to one of the stage 3—5 cohorts) (Figure 1 and Suppl.
Figure 1). We allowed patients to enter more advanced
CKD stage cohorts if their eGFR declined during the study
period. However, patients were not allowed to enter
a lower CKD stage cohort if their eGFR increased, as we
assumed chronicity of CKD.

To reduce the risk of recording anemia events stemming
from causes other than CKD, we excluded patients with
diagnoses of common other causes of anemia (any cancer,
hereditary hematologic diseases, chronic inflammatory dis-
eases, gastrointestinal bleeding, or any organ transplant)
recorded in the Danish National Patient Registry any time
prior to the index date of newly identified CKD (see ICD
codes in the Appendix). We excluded patients with known
prevalent anemia, ie, a low blood hemoglobin (Hb) level test
result within 30 days prior to (not including) the CKD index
date. Anemia was considered as an outcome if recorded on
the CKD index date, ie, on the same date as the second and
CKD stage qualifying eGFR test, or afterwards.

Anemia Outcomes
We defined anemia as a recorded blood Hb level <12 g/dl
in women and <13 g/dl in men)."® Anemia was
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Population of Northern Denmark aged
>18 years with recorded creatinine
measurements during 1997-2016,

n=1,439,389

l

Restrict to persons with CKD stages 3-5
(eGFR<60, 290 days apart),
n=247,903

l

Restrict to newly progressed CKD stages
3-5,n=221,398

1

Restrict to progressed CKD stages 3-5
during 2009-2016 and >1 year prior
residence in Northern Denmark,
n=94,728

\ 4

v

Restrict to patients without previously
recorded cancer, hereditary hematologic
disease, chronic inflammatory disease,
gastrointestinal bleeding, transplants,
n=69,616

v

Excluded patients with previously recorded
(n’s are numbers of excluded patients)
* Cancer, n=18,663
* Hereditary hematologic disease, n=18
* Chronic inflammatory disease, n=1,030
* Gastrointestinal bleeding, n=5,159
* Transplants (diagnoses), n=39
* Transplants (procedures), n=203

v

Restrict to patients without anemia
during 30 days before CKD stages 3-5
diagnosis (some patients have multiple
stays fulfilling above mentioned criteria),
n=65,946.

l

Distinct patients with
* any CKD stages 3-5, n=55,940
* CKD stage 3a, n=41,958
* CKD stage 3b, n=17,875
* CKD stage 4, n=5,182
* CKD stage 5, n=931

Excluded patients with anemia during 30
days before CKD diagnosis, n= 3,670
* 1,240 of 43,198 with CKD stage 3A
* 1,127 of 19,002 with CKD stage 3B
* 733 of 5,915 with CKD stage 4
* 570 of 1,501 with CKD stage 5

Figure | Selection of cohort of persons with newly identified CKD stages 3-5 and no prevalent anemia.
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additionally classified into three grades, ie, mild (grade 1):
Hb level of 10 to <12 g/dl in women, and 10 to <13 g/dl in
men; moderate (grade 2): Hb level of 8 to <10 g/dl; and
severe (grade 3): Hb level of <8 g/dl."’

Anemia was further characterized by mean corpuscular
hemoglobin (MCH) (hypochromic/normochromic/hyper-
chromic) and mean corpuscular volume (MCV) (microcy-
this
available in the laboratory results (see Appendix for spe-
cific definitions).?”

tic/normocytic/macrocytic), if information was

Covariates

Covariates included age, sex, calendar year of CKD diag-
nosis, and comorbidity prior to the CKD index date (e,
conditions included in the Charlson Comorbidity Index
[CCI] excluding renal disease).”’ We calculated CCI
scores for every patient based on all their hospital inpatient
and outpatient diagnoses during the 10 years prior to the
index date (CCI categories: score 0=Low, 1-2=Medium,
3+=High).*? From the Danish National Patient Registry,
we collected information on dialysis treatments within
90 days prior to the index date, and on cardiovascular
disease, diabetes, chronic pulmonary disease, and liver
disease recorded during 10 years before index date.
Finally, we obtained information on filled prescriptions
during 12 months before index of angiotensin-converting-
enzyme inhibitors (ACE-Is), angiotensin II receptor block-
ers (ARBs), loop diuretics, aspirin, immunosuppressants,
glucocorticoids, and vitamin K antagonists from the
Danish National Prescription Registry (see codebooks in

Appendix).

Statistical Analyses

We tabulated patient characteristics as of the CKD stage
index date, and followed patients from their index date
until the first of each anemia events of interest, or emigra-
tion, death, or 31 December 2016 (the last date that data
were available), whichever came first. Anemia events
included any anemia and graded anemia (mild, moderate,
or severe anemia) on the CKD stage index date or after-
wards, and for each anemia event follow-up was stopped
only for further anemia events of the same grade. If
patients entered a higher CKD stage during follow up,
they were not censored from their previous CKD stage
cohort. Thus, patients could contribute risk-time to more
than one CKD stage cohort at a time. We estimated the
incidence rate (IR) per 100 person-years of each anemia
outcome, as well as the cumulative incidence proportion

(risk) 1, 2, 3, and 5 years after the index date of CKD,
considering death as a competing event. We tabulated
these risks overall as well as stratified by CKD stage,
age, sex, CCI category, diabetes, and any cardiovascular
disease. We used Cox regression models to estimate
hazard ratios (HRs) for anemia across different CKD
stages, with CKD stage 3a serving as the reference
group. We used a robust sandwich estimator in the Cox
regressions as patients were allowed to belong to several
cohorts, introducing dependency between observations.?
Both crude HRs and HRs
calendar year, and CCI category were estimated. We cal-

adjusted for sex, age,
culated 95% confidence intervals (CIs) for every outcome
estimate.

All analyses were performed using SAS version 9.4
(Cary, NC, USA). The study was approved by the Danish
Data Protection Agency (record number 2015-57-0002,
Aarhus University record number 2016-051-000001/
812). According to Danish legislation, no approval from
an ethics committee or informed consent from patients are
required for registry-based studies.

Results

Patient Characteristics

From 2009 to 2016, we found 55,940 distinct individuals
with newly identified CKD stages 3—5 and without recent
anemia prior to study inclusion (Figure 1), after the exclu-
sion of 3670 patients with prevalent anemia during the 30
days prior to the index date (5% of the entire CKD cohort;
3%, 6%, 12%, and 38% of patients with CKD stages 3a,
3b, 4, and 5, respectively). As a patient may have belonged
to several CKD stage cohorts over the course of follow up,
there were a total of 41,958 patients in the CKD 3a cohort,
17,875 in the CKD 3b cohort, 5182 in the CKD 4 cohort,
and 931 in the CKD 5 cohort. Table 1 shows baseline
patient characteristics in each CKD cohort. Overall, the
study population included more women (58%) than men
(42%). The median age at index date was 77 years and
highest in stages 3b and 4 CKD. Comorbidity levels were
high and increased with CKD stage. Among persons with
any CKD, 21,462 (38.4%) had cardiovascular disease and
11,931 (21.3%) had diabetes diagnosed up to 10 years
before CKD index date. Only a few patients (n=93
[0.2%]) had been treated with dialysis within 90 days
preceding their index date of newly identified CKD
(Table 1).
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Table | Characteristics of 55,940 Patients with Newly Identified CKD Stages 3-5, Northern Denmark, 2009-2016

CKD Stage at Index Date
Any CKD 3A 3B 4 5
(Stages 3-5)
Overall, n (%) 55,940 (100.0) 41,958 (100.0) 17,875 (100.0) 5182 (100.0) 931 (100.0)
Male sex, n (%) 23,541 (42.1) 17,991 (42.9) 7285 (40.8) 2247 (43.4) 553 (59.4)
Age, median (IQR) 77 (68-84) 75 (67-82) 80 (73-86) 80 (71-87) 70 (57-80)
Year of diagnosis, n (%)
- 20092010 14,720 (26.3) 9563 (22.8) 4420 (24.7) 1348 (26.0) 224 (24.1)
-2011-2013 21,904 (39.2) 16,419 (39.1) 7094 (39.7) 1984 (38.3) 338 (36.3)
- 20142016 19,316 (34.5) 15,976 (38.1) 6361 (35.6) 1850 (35.7) 369 (39.6)
eGFR at diagnosis, median (IQR) 51.4 (41.9-56.4) 54.2 (49.6-57.3) 39.5 (35.1-42.4) 25.6 (22.5-27.9) 12.2 (10.5-13.5)
Recent dialysis treatment®, n (%) 93 (0.2) 14 (0.0) 16 (0.1) 18 (0.3) 73 (7.8)
Charlson Comorbidity Index category, n (%)
- Low (CCl score = 0) 30,843 (55.1) 24,591 (58.6) 7982 (44.7) 1957 (37.8) 375 (40.3)
- Medium (CClI score = 1-2) 20,563 (36.8) 14,566 (34.7) 7792 (43.6) 2275 (43.9) 369 (39.6)
- High (CCl score = 3+) 4534 (8.1) 2801 (6.7) 2101 (11.8) 950 (18.3) 187 (20.1)
Specific comorbidities diagnosed during 10 years before
index date
Any cardiovascular disease, n (%) 21,462 (38.4) 14,899 (35.5) 8470 (47.4) 2607 (50.3) 376 (40.4)
- Stable angina pectoris, n (%) 9109 (16.3) 6157 (14.7) 3632 (20.3) 1156 (22.3) 207 (22.2)
- Myocardial infarction, n (%) 3854 (6.9) 2565 (6.1) 1585 (8.9) 556 (10.7) 91 (9.8)
- Heart failure, n (%) 5339 (9.5) 3402 (8.1) 2522 (14.1) 874 (16.9) 87 (9.3)
- Stroke, n (%) 4965 (8.9) 3385 (8.1) 1981 (11.1) 635 (12.3) 96 (10.3)
- Atrial fibrillation/flutter, n (%) 8411 (15.0) 5830 (13.9) 3487 (19.5) 1026 (19.8) 117 (12.6)
- Heart valve disease, n (%) 3165 (5.7) 2097 (5.0) 1416 (7.9) 462 (8.9) 47 (5.0)
- Venous thromboembolism, n (%) 1440 (2.6) 958 (2.3) 603 (3.4) 219 4.2) 25 (2.7)
Diabetes, n (%) 11,931 (21.3) 8310 (19.8) 4918 (27.5) 1752 (33.8) 345 (37.1)
Chronic pulmonary disease, n (%) 5274 (9.4) 3709 (8.8) 2124 (11.9) 646 (12.5) 81 (8.7)
Liver disease, n (%) 508 (0.9) 368 (0.9) 169 (0.9) 61 (1.2) 18 (1.9)
Filled prescriptions 12 months before index date
ACE-Is, n (%) 21,728 (38.8) 15,859 (37.8) 7825 (43.8) 2198 (42.4) 375 (40.3)
ARBs, n (%) 15,620 (27.9) 11,359 (27.1) 5628 (31.5) 1739 (33.6) 324 (34.8)
Loop diuretics, n (%) 18,652 (33.3) 11,443 (27.3) 8669 (48.5) 3499 (67.5) 707 (75.9)
Aspirin, n (%) 23,096 (41.3) 15,935 (38.0) 8685 (48.6) 2577 (49.7) 391 (42.0)
Immunosuppressants, n (%) 492 (0.9) 400 (1.0) 128 (0.7) 27 (0.5) 3(0.3)
Glucocorticoids, n (%) 5478 (9.8) 3897 (9.3) 2044 (11.4) 602 (11.6) 71 (7.6)
Vitamin K antagonists, n (%) 6833 (12.2) 4772 (11.4) 2759 (15.4) 790 (15.2) 95 (10.2)

Notes: “The CKD stage 3A, 3B, 4, and 5 cohorts sum up to more than the Any CKD cohort, as some persons contribute to several of the separate stage cohorts, whereas
every person are only included once in the any CKD cohort. ®Any dialysis treatment (acute or chronic) during <90 days before the CKD index date.
Abbreviations: CKD, chronic kidney disease; IQR, interquartile range; eGFR, estimated glomerular filtration rate; CCI, Charlson Comorbidity Index; ACE-Is, angiotensin-

converting-enzyme inhibitors; ARBs, angiotensin Il receptor blockers.

Anemia Outcomes

The 55,940 unique CKD patients were followed for
a median of 12 months (interquartile range [IQR]: 0.6-34
months). During follow-up we identified a total of 33,614
newly measured anemia events. Within one year, 42.3%
(95% CI: 41.9-42.7) of all CKD stage 3—5 patients experi-
enced anemia. The proportion who had anemia increased
to 67.7% (95% CI: 67.2—68.2) within five years after study
inclusion (Table 2).

Patients with CKD stage 3a had the lowest risk: one in
three patients experienced anemia during the first year of
follow up, increasing to two in three patients after 5 years.
Risk increased with higher CKD stages. Among patients in
CKD stage 5, nearly every patient experienced an anemia
event within one year (Table 2 and Figure 2). Higher CKD
stages were also associated with shorter time to an anemia
diagnosis, reflected in higher IRs of anemia (Table 2). Cox

regression yielded increased anemia hazard ratios for
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Table 2 Risk *Incidence Rate (per 100 Person-Years), and Hazard Ratio of Newly Measured Anemia in Patients with Newly Identified
CKD Stages 3-5, Northern Denmark, 2009-2016

CKD N of N of Person- | 0-1 Year Risk | 0-2 Year 0-3 Year 0-5 Year Incidence Crude Hazard Ratio (95%

Stage Patients | Patients | Years (95% CI) Risk Risk Risk Rate per Hazard CI) Adjusted for Sex,

on with at Risk (95% ClI) (95% CI) (95% CI) 100 Person- | Ratio Age, CCI Category,

Index Events Years (95% ClI) and Calendar Year

Date (95% CI)

Any 55,940 33,614 98,059 423 51.7 582 67.7 343 N/A N/A

CKD® (41.9-42.7) (51.3-52.2) | (57.8-58.7) | (67.2-68.2) | (33.9-34.6)

Stage 41,958 22,619 81,723 36.1 455 522 62.3 277 (ref) (ref)

3A (35.7-36.6) (45.0-46.0) | (51.7-52.7) | (61.7-62.9) | (27.3-28.0)

Stage 17,875 13,149 21,064 57.1 66.9 73.0 80.8 62.4 1.85 1.55 (1.52-1.58)

3B (56.3-57.8) (66.2-67.7) | (72.3-73.7) | (80.1-81.5) | (61.4-63.5) (1.81-1.89)

Stage 4 | 5182 4435 3197 747 826 86.6 90.6 138.7 3.04 2.38 (2.30-2.47)
(73.5-75.9) (81.5-83.6) | (85.6-87.6) | (89.6-91.5) | (134.7-142.9) | (2.94-3.14)

Stage 5 | 931 907 121 95.3 974 98.7 98.8 749.5 6.14 5.42 (5.09-5.77)
(93.6-96.5) (96.1-98.3) | (97.6-99.3) | (97.8-99.4) | (701.5-799.9) | (5.81-6.49)

Notes: *Cumulative incidence proportions |, 2, 3, and 5 years following baseline. "The CKD stage 3A, 3B, 4, and 5 cohorts sum up to more than the Any CKD cohort, as
some persons contribute to several of the separate stage cohorts, whereas every person are only included once in the any CKD cohort.
Abbreviations: CKD, chronic kidney disease; Cl, confidence interval; CCI, Charlson Comorbidity Index.

higher CKD stages. After confounder adjustment, esti-
mates decreased somewhat in all CKD stages (Table 2).

To identify potential effect measure modification, in
Table 3, we present the rates of anemia stratified by age,
sex, comorbidity level (CCI category), prior cardiovascular
disease, and prior diabetes. Compared to patients aged <65
years, higher rates of anemia were observed in patients aged
over 65 years (IR = 38.4 [95% CI: 38.0 —38.9] versus IR =
19.8 [95% CI: 19.2-20.4] per 100 person-years). Higher rates
of anemia were also observed in male patients compared to
female patients (IR = 41.3 [95% CI: 40.7—42.0] versus IR =
30.0 [95% CI: 29.6-30.4] per 100 person-years). In addition,
anemia rates were markedly increased in patients with higher
CCI scores on their index date, as well as in patients with
diabetes or cardiovascular disease (Table 3).

Across all CKD stages, the risk of experiencing
milder anemia was greater than the risk of more severe
anemia events. The 1l-year risk of moderate (grade 2)
anemia ranged between 11.2% (95% CI: 10.9-11.5) in
CKD 3a to 63.3% (95% CI: 60.0-66.4) in CKD 5, while
3.1% (95% CI: 3.0-3.3) to 21.8% (95% CI: 19.1-24.6)
experienced severe (grade 3) anemia during this time-
frame, respectively (Figure 2, Suppl. Table 3). Eight
years after newly identified CKD stage 3a, the propor-
tion of patients experiencing severe anemia increased to
almost 20% of patients, compared to about 50% of
patients with CKD stage 5 (Figure 2). In adjusted

analyses using the CKD stage 3a cohort as reference,
there was no evidence of a substantial interaction
between anemia grade and CKD stage, indicating that
progression to higher CKD stages increased the risk of
any grade of anemia to similar extent (Suppl. Table 3).
Additional laboratory data on erythrocyte volume or
hemoglobin content was available for only few anemia
events. Among these, normocytic normochromic anemia

was the most common anemia type (Suppl. Table 1 and
Suppl. Table 2).

Sensitivity Analyses

Finally, in sensitivity analyses, we described the anemia tra-
jectory beyond the first anemia event, as we continued follow-
up for subsequent anemia events for all grades of anemia
beyond the first event (see detailed methods and results in
Additional file 1). The majority of CKD patients with
a recorded Hb measurement retained the same anemia grade
in the subsequent year, regardless of whether the index date
was defined as the date of newly identified CKD or as the date
of the first anemia event (Suppl. Table 4 and Suppl. Figure 2).

Discussion
Key Results
In this Danish population-based study of patients with
newly identified CKD stages 3-5, the risk of anemia
increased with higher CKD stages. One out of three patients
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A : Any anemia B : Mild anemia (Grade 1)
100
80 [ﬁ
60
40
20
0
55,940 16,101 5,261 592 55,940 16,253 5,329 603
41,958 13,606 4,513 511 41958 13,709 4,567 518
17,875 3,194 822 78 17,875 3,239 835 81
931 4 <3 <3 931 5 <3 <3
=
ﬁ C : Moderate anemia (Grade 2) D : Severe anemia (Grade 3)
X 100
80
60
40
“ __‘///
0
55,940 26,348 9,904 1,223 55,940 30,840 12,514 1,660
41,958 20,654 7,810 955 41,958 23,481 9,455 1,222
17,875 6,950 2,208 242 17,875 8,650 3,098 368
931 77 17 4 931 267 78 18
0.0 2.5 5.0 7.5 0.0 2.5 5.0 7.5
Follow-up (Years)
— Any CKD — CKD stage 3A — CKD stage 3B

CKD stage 4 — CKD stage 5

Figure 2 Cumulative risk of developing any anemia (Panel (A) and anemia of varying severity (Panels B=D), according to newly identified CKD stage: any CKD (grey curve),

stage 3a (blue curve), 3b (green curve), stage 4 (yellow curve), stage 5 (red curve).

with CKD stage 3a and almost every patient with CKD
stage 5 experienced anemia within 1 year after entering
their respective CKD stage, while more than one out of 10
patients and nearly two-thirds of patients with newly iden-
tified CKD stage 3a and 5, respectively, experienced at least
moderate (grade 2) anemia within 1 year. After five years,

anemia events had occurred in about two-thirds of patients
with newly identified CKD stage 3a as well as in most
patients with newly identified CKD stages 3b-5. The high-
est rate of anemia was observed in CKD patients with male
sex, older age, higher comorbidity level, diabetes, and car-

diovascular disease.
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Table 3 Risk of Newly Measured Anemia in Patients with Any Newly Identified CKD Stages 3-5, Stratified by Sex, Age, and

Comorbidity on the Index Date, Northern Denmark, 2009-2016

N of N of Person- | 0-1 Year Risk 0-2 Year Risk 0-3 Year Risk 0-5 Year Risk Incidence Rate
Patients | Patients Years (95% CI) (95% ClI) (95% ClI) (95% CI) per 100 Person-
with at Risk Years (95% CI)
Events
Age
- <65 years 9533 4327 21,8764 | 32.2 (31.2-33.1) | 38.8(37.8-39.8) | 43.5(42.4-44.6) | 51.2(50.0-52.4) | 19.8 (19.2-20.4)
- 65+ years 46,407 29,287 76,182.1 | 44.4 (43.9-44.8) | 54.4 (53.9-54.9) | 61.2(60.7-61.7) | 71.0(70.5-71.5) | 38.4 (38.0-38.9)
Sex
- Male 23,541 15,302 37,022.5 | 47.6 (47.0-48.3) | 57.0 (56.4-57.7) | 63.5(62.9-64.2) | 72.5(71.8-73.2) | 41.3 (40.7-42.0)
- Female 32,399 18,312 61,036.0 | 38.4(37.8-38.9) | 47.9 (47.3-485) | 54.4 (53.8-55.0) | 64.2 (63.5-64.8) | 30.0 (29.6-30.4)
Charlson Comorbidity Index
category
- Low (CCl score = 0) 30,843 16,020 64,593.7 | 33.8(33.3-34.4) | 42.8(42.3-43.4) | 49.4 (48.8-50.0) | 59.7 (59.0-60.4) | 24.8 (24.4-25.2)
- Medium (CCl score = |-2) | 20,563 13,972 29,361.0 | 50.0 (49.3-50.7) | 60.0 (59.3-60.7) | 66.7 (66.0-67.4) | 757 (75.0-76.4) | 47.6 (46.8-48.4)
- High (CCl score = 3+) 4534 3622 4103.8 64.9 (63.5-66.3) | 74.8 (73.5-76.1) | 79.9 (78.6-81.2) | 85.4 (84.1-86.6) | 88.3 (85.4-91.2)
Diabetes
- Yes 11,931 8434 16,1188 | 522 (51.3-53.1) | 63.3 (62.4-64.2) | 70.1 (69.2-71.0) | 79.0 (78.1-79.9) | 52.3 (51.2-53.5)
- No 44,009 25,180 81,939.7 | 39.6 (39.1-40.0) | 48.6 (48.1-49.1) | 55.0 (54.5-55.5) | 64.6 (64.1-65.2) | 30.7 (30.4-31.1)
Cardiovascular disease
- Yes 21,462 14,708 30,035.0 | 50.8 (50.1-51.5) | 61.1 (60.5-61.8) | 67.3 (66.6-68.0) | 759 (75.2-76.6) | 49.0 (48.2-49.8)
- No 34,478 18,906 68,023.5 | 37.0 (36.5-37.5) | 45.9 (45.3-46.4) | 52.5(52.0-53.1) | 62.6 (61.9-63.2) | 27.8 (27.4-28.2)

Abbreviations: CKD, chronic kidney disease; Cl, confidence interval; CCl, Charlson Comorbidity Index.

Limitations
We identified patients with CKD based on the definition as
specified in the most recent guideline (the 2012 Kidney
Disease: Improving Global Outcomes (KDIGO) Clinical
Practice Guideline for the Evaluation and Management of
Chronic Kidney Disease),'’ which include a three month
duration criteria for CKD. In addition, to minimize the risk
of including patients with two incident events of acute
kidney injury, we restricted inclusion to patients with no
eGFR measurement above the threshold of their respective
CKD stage during the >90-day period used to define CKD.
This conservative approach, combined with the lack of
systematic plasma creatinine screening tests, may have
resulted in a delay in identifying CKD patients and their
progression, as well as potential misclassification of
patients to milder stages of CKD because of one falsely
high eGFR measurement. Such misclassification could lead
to over- or underestimation of anemia risk in individual
CKD stage cohorts, but it would not affect overall anemia
risk estimates for the study population. Importantly, we
reported the prevalence of anemia at study inclusion.

Also, we did not define CKD stage 5 based on the
requirement for chronic dialysis. Therefore, any CKD

stage could have included patients in dialysis treatment.
However, as few patients (0.00.3%) in the CKD stages
3a-4 cohorts received any dialysis treatment during the
90 days before their CKD index date it was unlikely to
noticeably affect our results.

We did not censor patients in a specific CKD stage
cohort if they progressed to higher CKD stages during the
study period. The reasons were twofold. First, we consid-
ered it clinically relevant to ascertain risk of anemia
regardless of a future decline in kidney function. Second,
we wished to avoid informative censoring, as anemia risk
in patients with deteriorating kidney function would likely
differ from that in patients with stable kidney function.”*

Of note, we identified increased risks of anemia with
increasing CKD stage, which potentially could be partly
explained by closer monitoring of patients with higher
CKD stages because of increased detection rate of espe-
cially asymptomatic anemia. However, for patients at
every CKD stage, we found comparable HRs for mild
anemia (ie, possibly asymptomatic) and for moderate or
severe anemia (ie, likely symptomatic), so detection bias is
unlikely to explain the increased rate of anemia at higher

CKD stages (Suppl. Table 3).
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Due to lack of information on specific causes of ane-
mia, such as prior iron deficiency, or repeated phlebo-
tomies in hospitalized patients (potentially causing
iatrogenic anemia), we were not able to exclude patients
from our cohorts on this basis, which may have contrib-
uted to the estimated risks of CKD related anemia in our
study. We aimed to describe the clinical course of CKD
and did therefore not include data on erythropoietin or
other anemia treatment, which may have reduced the risk

of severe anemia.

Interpretation

In this study we had access to population-based data with
complete follow-up, generated by Denmark’s universal
health care and administrative systems, making it possible
to examine an unselected study population. We identified
both CKD and anemia based on laboratory data from blood
samples analyzed in all laboratories in Northern Denmark.
The blood samples were drawn by general practitioners, by
providers at outpatient clinics, and by hospital staff during
visits or admissions. We obtained eGFR measurements both
before and after the start of the study period, so our results
apply to a well-defined CKD cohort including only patients
with newly identified CKD stages 3—5, who were followed
starting on their diagnosis date. Furthermore, we excluded
patients with confirmed anemia up to 30 days prior to the date
of confirmed CKD. This allowed us to focus on newly
measured anemia rather than known prevalent anemia, in
contrast to previous cross-sectional epidemiologic studies.”
"' These previous studies examined prevalent anemia in
patients with prevalent CKD, reporting anemia in 551% of
patients with CKD stage 3, "' 5079% in patients with CKD
stage 4, and 5397% in patients with CKD stage 5.°"'
Anemia risk may vary with duration of CKD. By restricting
our analysis to patients with newly identified CKD stage 3-5,
we were able to compare patients with similar duration of
CKD at a given stage. Also, the detection and management of
anemia varies between countries and over time, which may
affect the prevalence of recorded anemia in previous studies.
Thus, previous findings are difficult to compare with each
other and with our findings, and we addressed this issue at
least in part by focusing on newly measured anemia events.

Conclusions

Our study showed that a substantial proportion of patients
with newly identified or progressed CKD experienced
anemia during the first year after CKD diagnosis.
Anemia risk increased with higher CKD stage, yet the

absolute risk of anemia was high across all CKD stages
3-5. This is of interest to clinicians as they inform patients
about the risks associated with CKD, and may contribute
to the design of algorithms for the follow up of patients
with CKD. Anemia is associated with increased risk of
potentially severe complications, and this study underlines
the importance for timely and continuous Hb monitoring
as part of routine clinical care for all patients with newly
identified or progressed CKD stages 3-5.
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