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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 (eGFR) level <60 mL/min/ 
1.73m2 (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),1 increasing the 
risk of cognitive impairment, sleep disturbances, cardiovascular comorbidities, need 
for dialysis, and all-cause mortality.2–4

Current knowledge is limited to data from cross-sectional studies reporting 
a prevalence of anemia ranging from 5% to 51%5,11 in patients with CKD stage 3 
(estimated glomerular filtration rate [eGFR] = 30–59 mL/min/1.73 m2) and from 
53% to 97%6,11 in patients with stage 5 CKD (eGFR <15 mL/min/1.73 m2). 
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 m2) 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 System12 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 System13 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 Registry14 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 Registry15 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.16 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.17 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 m2); stage 3b 
(eGFR between 30 and 44 mL/min/1.73 m2); stage 4 (eGFR 
between 15 and 29 mL/min/1.73 m2); and stage 5 (eGFR 
less than 15 mL/min/1.73 m2).17

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).18 Anemia was 
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Population of Northern Denmark aged
>18 years with recorded creatinine
measurements during 1997-2016, 

n=1,439,389 

Restrict to persons with CKD stages 3-5 
(eGFR<60, ≥90 days apart), 

n=247,903 

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. 

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

Restrict to progressed CKD stages 3-5 
during 2009-2016 and >1 year prior 

residence in Northern Denmark, 
n=94,728

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

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

Restrict to patients without previously
recorded cancer, hereditary hematologic 

disease, chronic inflammatory disease, 
gastrointestinal bleeding, transplants, 

n=69,616 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 1 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.19

Anemia was further characterized by mean corpuscular 
hemoglobin (MCH) (hypochromic/normochromic/hyper-
chromic) and mean corpuscular volume (MCV) (microcy-
tic/normocytic/macrocytic), if this information was 
available in the laboratory results (see Appendix for spe-
cific definitions).20

Covariates
Covariates included age, sex, calendar year of CKD diag-
nosis, and comorbidity prior to the CKD index date (ie, 
conditions included in the Charlson Comorbidity Index 
[CCI] excluding renal disease).21 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).22 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.23 

Both crude HRs and HRs adjusted for sex, age, 
calendar year, and CCI category were estimated. We cal-
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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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 

Table 1 Characteristics of 55,940 Patients with Newly Identified CKD Stages 3–5, Northern Denmark, 2009–2016

CKD Stage at Index Date

Any CKD 

(Stages 3–5)a

3A 3B 4 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 (%)

- 2009–2010 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)

- 2014–2016 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 treatmentb, n (%) 93 (0.2) 14 (0.0) 16 (0.1) 18 (0.3) 73 (7.8)

Charlson Comorbidity Index category, n (%)

- Low (CCI score = 0) 30,843 (55.1) 24,591 (58.6) 7982 (44.7) 1957 (37.8) 375 (40.3)

- Medium (CCI score = 1–2) 20,563 (36.8) 14,566 (34.7) 7792 (43.6) 2275 (43.9) 369 (39.6)

- High (CCI 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: aThe 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. bAny 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 II receptor blockers.
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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 1-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 

Table 2 Risk aIncidence 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 

Stage 

on 

Index 

Date

N of 

Patients

N of 

Patients 

with 

Events

Person- 

Years 

at Risk

0–1 Year Risk 

(95% CI)

0–2 Year 

Risk 

(95% CI)

0–3 Year 

Risk 

(95% CI)

0–5 Year 

Risk 

(95% CI)

Incidence 

Rate per 

100 Person- 

Years 

(95% CI)

Crude 

Hazard 

Ratio 

(95% CI)

Hazard Ratio (95% 

CI) Adjusted for Sex, 

Age, CCI Category, 

and Calendar Year

Any 

CKDb

55,940 33,614 98,059 42.3 

(41.9–42.7)

51.7 

(51.3–52.2)

58.2 

(57.8–58.7)

67.7 

(67.2–68.2)

34.3 

(33.9–34.6)

N/A N/A

Stage 

3A

41,958 22,619 81,723 36.1 

(35.7–36.6)

45.5 

(45.0–46.0)

52.2 

(51.7–52.7)

62.3 

(61.7–62.9)

27.7 

(27.3–28.0)

(ref) (ref)

Stage 

3B

17,875 13,149 21,064 57.1 

(56.3–57.8)

66.9 

(66.2–67.7)

73.0 

(72.3–73.7)

80.8 

(80.1–81.5)

62.4 

(61.4–63.5)

1.85 

(1.81–1.89)

1.55 (1.52–1.58)

Stage 4 5182 4435 3197 74.7 

(73.5–75.9)

82.6 

(81.5–83.6)

86.6 

(85.6–87.6)

90.6 

(89.6–91.5)

138.7 

(134.7–142.9)

3.04 

(2.94–3.14)

2.38 (2.30–2.47)

Stage 5 931 907 121 95.3 

(93.6–96.5)

97.4 

(96.1–98.3)

98.7 

(97.6–99.3)

98.8 

(97.8–99.4)

749.5 

(701.5–799.9)

6.14 

(5.81–6.49)

5.42 (5.09–5.77)

Notes: aCumulative incidence proportions 1, 2, 3, and 5 years following baseline. bThe 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; CI, confidence interval; CCI, Charlson Comorbidity Index.
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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.

A B

C D

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).
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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),17 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.24

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).

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 

Patients

N of 

Patients 

with 

Events

Person- 

Years 

at Risk

0–1 Year Risk 

(95% CI)

0–2 Year Risk 

(95% CI)

0–3 Year Risk 

(95% CI)

0–5 Year Risk 

(95% CI)

Incidence Rate 

per 100 Person- 

Years (95% CI)

Age

- <65 years 9533 4327 21,876.4 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 (47.3–48.5) 54.4 (53.8–55.0) 64.2 (63.5–64.8) 30.0 (29.6–30.4)

Charlson Comorbidity Index 

category

- Low (CCI 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 (CCI score = 1–2) 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) 75.7 (75.0–76.4) 47.6 (46.8–48.4)

- High (CCI 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 16,118.8 52.2 (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) 75.9 (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; CI, confidence interval; CCI, Charlson Comorbidity Index.
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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.5– 

11 These previous studies examined prevalent anemia in 
patients with prevalent CKD, reporting anemia in 551% of 
patients with CKD stage 3,5–11 5079% in patients with CKD 
stage 4,5–11 and 5397% in patients with CKD stage 5.6–11 

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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data-protection-agency/introduction-to-the-danish-data- 
protection-agency/).

Ethics Approval and Informed 
Consent
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 is required for registry- 
based studies.

Acknowledgment
We owe a great thank to prof. Henrik Toft Sørensen, MD, 
PhD, DMSc, for excellent editing consultancy during the 
finalization of the manuscript.

Funding
This study received funding in part from AstraZeneca.

Disclosure
HvH, GJ and KH are employees of AstraZeneca. SVV, UH, 
HB, RWT and CFC do not report any personal conflicts of 
interest relevant to this study. The Department of Clinical 
Epidemiology is, however, involved in studies with funding 

Dovepress                                                                                                                                                    Vestergaard et al

Clinical Epidemiology 2020:12                                                                                               submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
961

https://www.dovepress.com/get_supplementary_file.php?f=259648.docx
http://sundhedsdatastyrelsen.dk/da/forskerservice
https://www.datatilsynet.dk/english/the-danish-data-protection-agency/introduction-to-the-danish-data-protection-agency/
https://www.datatilsynet.dk/english/the-danish-data-protection-agency/introduction-to-the-danish-data-protection-agency/
https://www.datatilsynet.dk/english/the-danish-data-protection-agency/introduction-to-the-danish-data-protection-agency/
http://www.dovepress.com
http://www.dovepress.com


from various companies as research grants to (and adminis-
tered by) Aarhus University, and this study was partly funded 
by a grant from AstraZeneca to Aarhus University. Heleen van 
Haalen reports personal fees from AstraZeneca, outside the 
submitted work. Glen James reports holding shares and receiv-
ing salary from AstraZeneca, during the conduct of the study. 
Katarina Hedman reports being an employee and stockholder 
of AstraZeneca, during the conduct of the study and outside the 
submitted work. The authors report no other potential conflicts 
of interest for this work.

References
1. Babitt JL, Lin HY. Mechanisms of Anemia in CKD. J Am Soc 

Nephrol. 2012;23(10):1631–1634. doi:10.1681/ASN.2011111078
2. Tonelli M, Wiebe N, Culleton B, et al. Chronic kidney disease and 

mortality risk: a systematic review. J Am Soc Nephrol. 2006;17 
(7):2034–2047. doi:10.1681/ASN.2005101085

3. Thorp ML, Johnson ES, Yang X, Petrik AF, Platt R, Smith DH. 
Effect of anaemia on mortality, cardiovascular hospitalizations and 
end-stage renal disease among patients with chronic kidney disease. 
Nephrology. 2009;14(2):240–246. doi:10.1111/j.1440-1797.2008.010 
65.x

4. Stevens LA, Viswanathan G, Weiner DE. Chronic kidney disease and 
end-stage renal disease in the elderly population: current prevalence, 
future projections, and clinical significance. Adv Chronic Kidney Dis. 
2010;17(4):293–301. doi:10.1053/j.ackd.2010.03.010

5. Astor BC, Muntner P, Levin A, Eustace JA, Coresh J. Association of 
kidney function with anemia: the third national health and nutrition 
examination survey (19881994). Arch Intern Med. 2002;162 
(12):1401–1408. doi:10.1001/archinte.162.12.1401

6. Kohagura K, Tomiyama N, Kinjo K, Takishita S, Iseki K. Prevalence 
of anemia according to stage of chronic kidney disease in a large 
screening cohort of Japanese. Clin Exp Nephrol. 2009;13 
(6):614–620. doi:10.1007/s10157-009-0197-z

7. Ryu SR, Park SK, Jung JY, et al. The prevalence and management of 
anemia in chronic kidney disease patients: result from the korean 
cohort study for outcomes in patients with chronic kidney disease 
(KNOW-CKD). J Korean Med Sci. 2017;32(2):249–256. 
doi:10.3346/jkms.2017.32.2.249

8. McClellan W, Aronoff SL, Bolton WK, et al. The prevalence of 
anemia in patients with chronic kidney disease. Curr Med Res 
Opin. 2004;20(9):1501–1510. doi:10.1185/030079904X2763

9. Stauffer ME, Fan T. Prevalence of anemia in chronic kidney disease 
in the United States. PLoS One. 2014;9(1):e84943. doi:10.1371/jour-
nal.pone.0084943

10. St Peter WL, Guo H, Kabadi S, et al. Prevalence, treatment patterns, 
and healthcare resource utilization in Medicare and commercially 
insured non-dialysis-dependent chronic kidney disease patients with 
and without anemia in the United States. BMC Nephrol. 2018;19 
(1):67. doi:10.1186/s12882-018-0861-1

11. Li Y, Shi H, Wang WM, et al. Prevalence, awareness, and treatment 
of anemia in Chinese patients with nondialysis chronic kidney dis-
ease: first multicenter, cross-sectional study. Medicine. 2016;95(24): 
e3872. doi:10.1097/MD.0000000000003872

12. Schmidt M, Pedersen L, Sorensen HT. The danish civil registration 
system as a tool in epidemiology. Eur J Epidemiol. 2014;29 
(8):541–549. doi:10.1007/s10654-014-9930-3

13. Grann AF, Erichsen R, Nielsen AG, Froslev T, Thomsen RW. Existing 
data sources for clinical epidemiology: the clinical laboratory informa-
tion system (LABKA) research database at Aarhus University, 
Denmark. Clin Epidemiol. 2011;3:133–138. doi:10.2147/CLEP.S17901

14. Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen L, 
Sorensen HT. The danish national patient registry: a review of con-
tent, data quality, and research potential. Clin Epidemiol. 
2015;7:449–490. doi:10.2147/CLEP.S91125

15. Pottegard A, Schmidt SAJ, Wallach-Kildemoes H, Sorensen HT, 
Hallas J, Schmidt M. Data resource profile: the danish national 
prescription registry. Int J Epidemiol. 2017;46(3):798–798f. 
doi:10.1093/ije/dyw213

16. Levey AS, Greene T, Kusek JW, Beck GJ. A simplified equation to 
predict glomerular filtration rate from serum creatinine. J Am Soc 
Nephrol. 2000;11:155A.

17. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work 
Group. KDIGO 2012 clinical practice guideline for the evaluation 
and management of chronic kidney disease. Kidney Inter Suppl. 
2013;(3):1–150.

18. Beutler E, Waalen J. The definition of anemia: what is the lower limit 
of normal of the blood hemoglobin concentration? Blood. 2006;107 
(5):1747–1750. doi:10.1182/blood-2005-07-3046

19. National Cancer Institute NIoH. Common Terminology Criteria for 
Adverse Events (CTCAE) Version 5.0. 2017;3. Available from: 
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ 
docs/CTCAE_v5_Quick_Reference_8.5x11.pdf. Accessed March 1, 
2020

20. Rodgers GM 3rd, Becker PS, Blinder M, et al. Cancer- and 
chemotherapy-induced anemia. J Nat Comprehensive Cancer 
Network. 2012;10(5):628–653. doi:10.6004/jnccn.2012.0064

21. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: develop-
ment and validation. J Chronic Dis. 1987;40(5):373–383. 
doi:10.1016/0021-9681(87)90171-8

22. Thygesen SK, Christiansen CF, Christensen S, Lash TL, 
Sorensen HT. The predictive value of ICD-10 diagnostic coding 
used to assess Charlson comorbidity index conditions in the 
population-based danish national registry of patients. BMC Med Res 
Methodol. 2011;11:83. doi:10.1186/1471-2288-11-83

23. Lin DY, Wei LJ. The robust inference for the cox proportional 
hazards model. J Am Stat Assoc. 1989;84(408):1074–1078. 
doi:10.1080/01621459.1989.10478874

24. Hernan MA, Hernandez-Diaz S, Robins JM. A structural approach to 
selection bias. Epidemiology. 2004;15(5):615–625. doi:10.1097/01. 
ede.0000135174.63482.43

Clinical Epidemiology                                                                                                                       Dovepress 

Publish your work in this journal 
Clinical Epidemiology is an international, peer-reviewed, open access, 
online journal focusing on disease and drug epidemiology, identifica-
tion of risk factors and screening procedures to develop optimal pre-
ventative initiatives and programs. Specific topics include: diagnosis, 
prognosis, treatment, screening, prevention, risk factor modification, 

systematic reviews, risk & safety of medical interventions, epidemiol-
ogy & biostatistical methods, and evaluation of guidelines, translational 
medicine, health policies & economic evaluations. The manuscript 
management system is completely online and includes a very quick 
and fair peer-review system, which is all easy to use.  

Submit your manuscript here: https://www.dovepress.com/clinical-epidemiology-journal

Vestergaard et al                                                                                                                                                     Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                                   

Clinical Epidemiology 2020:12 962

https://doi.org/10.1681/ASN.2011111078
https://doi.org/10.1681/ASN.2005101085
https://doi.org/10.1111/j.1440-1797.2008.01065.x
https://doi.org/10.1111/j.1440-1797.2008.01065.x
https://doi.org/10.1053/j.ackd.2010.03.010
https://doi.org/10.1001/archinte.162.12.1401
https://doi.org/10.1007/s10157-009-0197-z
https://doi.org/10.3346/jkms.2017.32.2.249
https://doi.org/10.1185/030079904X2763
https://doi.org/10.1371/journal.pone.0084943
https://doi.org/10.1371/journal.pone.0084943
https://doi.org/10.1186/s12882-018-0861-1
https://doi.org/10.1097/MD.0000000000003872
https://doi.org/10.1007/s10654-014-9930-3
https://doi.org/10.2147/CLEP.S17901
https://doi.org/10.2147/CLEP.S91125
https://doi.org/10.1093/ije/dyw213
https://doi.org/10.1182/blood-2005-07-3046
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://doi.org/10.6004/jnccn.2012.0064
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1186/1471-2288-11-83
https://doi.org/10.1080/01621459.1989.10478874
https://doi.org/10.1097/01.ede.0000135174.63482.43
https://doi.org/10.1097/01.ede.0000135174.63482.43
http://www.dovepress.com
http://www.dovepress.com
http://www.dovepress.com

