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Background: Blood ecosinophils can increase in response to infection, inflammation, and hypersensitivity reactions, yet their
involvement in the progression of chronic kidney disease (CKD) is poorly understood. This study explores the relationship between
blood eosinophils and CKD progression among patients in a real-world setting.

Methods: This retrospective study analyzed data obtained from the Optum® de-identified electronic health records dataset in the
United States. Patients diagnosed with CKD stage 3 or 4 (International Classification of Diseases diagnosis code or estimated
glomerular filtration rate [eGFR] <60 mL/min) between January 2011 and March 2018 were included and followed until progression
to the next CKD stage, death, or dropout. The primary objective of this study was to assess the relationship between blood eosinophil
counts (bEOS) and CKD progression, adjusting for clinical and demographic features as well as known risk factors for CKD stages 3—
4. The primary outcomes were CKD progression and all-cause mortality.

Results: We found that high eosinophilic levels (bEOS >300 cells/uL) were associated with CKD progression from stage 3 to stages 4
or 5 (hazard ratio [HR] ranging from 1.30 to 1.50) and from stages 4 to 5 (HR ranging from 1.28 to 1.50). Among patients with CKD
progression, those with blood eosinophils >300 cells/uL. appeared to have a relatively lower eGFR, higher all-cause mortality, and
reduced time to CKD progression and death than those with <300 cells/uL. Factors including sex, race, hypertension, anemia, and
treatments for cardiovascular and hematopoietic drugs were associated with CKD progression.

Conclusion: Elevated eosinophils may increase the risk for CKD progression. Larger studies are needed to assess whether the risk of
mortality is increased among patients with elevated eosinophils.
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Introduction

Eosinophils play a complex pathophysiological role in local and systemic inflammatory diseases, cancer, and
thrombosis.! Eosinophils exhibit effector functions, such as perpetuating inflammation, tissue repair, and possible antigen
presentation to other immune cells.>® These complex interactions driven by activated eosinophils are known to play
a pathogenic role in a range of inflammatory conditions, including hypersensitivity reactions, eosinophilic asthma,
hypereosinophilia, eosinophilic granulomatosis with polyangiitis, and parasitic infections.*® Eosinophilic inflammation
involves eosinophil recruitment and activation, allowing eosinophils to infiltrate into different tissues where they induce
pathophysiological changes (eg, fibrosis and hypercoagulability), ultimately leading to tissue damage and impaired organ
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There is a growing interest in understanding the clinical correlation between circulating blood eosinophils and disease
progression.4’9 For example, eosinophilia (>500 cells/uL) is an independent prognostic factor of long-term mortality and
major adverse cardiovascular and cerebrovascular events in triple-vessel coronary artery disease.'®'" The role of
eosinophilia and its association with kidney disease is poorly understood because of limited data obtained from smaller
observational studies and/or specific patient cohorts (eg, cardiac and male).">'* A study of US patients who underwent
kidney biopsies previously demonstrated that peripheral eosinophilia in chronic kidney disease (CKD) patients was
associated with a higher risk of progression to end-stage kidney disease (ESKD) compared with those who did not
progress to end-stage disease after adjusting for a baseline estimated glomerular filtration rate, hypertension, race, and
diabetes.'? In addition, patients with peripheral eosinophilia who progressed to ESKD had a higher presence of tissue
eosinophil infiltration on biopsy specimens.'*'*

We study the relationship between blood eosinophils and CKD progression using a large real-world US database. The
primary objective of this study was to determine if elevated levels of blood eosinophils in stages 3 and 4 CKD patients
contribute to CKD progression, all-cause mortality, and healthcare resource utilization (hospital admission and length of
stay) compared with patients with normal blood eosinophils.

Methods

Study Design

A retrospective, observational study was conducted using electronic health records (EHR) obtained from the Pan-
Therapeutic Optum® de-identified Electronic Health Record (PANTHER) database. We included adult (>18 years) pre-
dialysis patients with CKD stage 3 or 4 enrolled between January 1, 2011, and March 31, 2018. Criteria for CKD
diagnosis consisted of either two International Classification of Diseases, 9th (ICD-9-CM) or 10th (ICD-10-CM)
Revision diagnosis codes; two laboratory values for estimated glomerular filtration rate (eGFR) levels <60 mL/min
captured at baseline; or a combination of one ICD code and one eGFR test value at least 90 days apart and up to 730 days
apart. Patients were also required to have at least two eosinophil blood tests during each CKD episode and at least 1 year
of continuous enrollment in the database’s prior index date. Full inclusion and exclusion criteria are provided in Table S1.
The final analytical sample and details on sample size are shown in Figure S1. The specific codes used to build the study
cohort are listed in Table S2.

Patients were followed until progression to the next stage, death, or dropout for the duration of data availability
(follow-up). Patients were stratified into episodes, starting from the index date of a given CKD stage (3 or 4) until the
next stage or end of data. Thereafter, a new index date and baseline were created for subsequent episodes. Patient
episodes were further stratified by the blood eosinophil level into the following groups: <300 cells/uL (considered to be
normal blood eosinophils for this study’s purpose), 300-499 cells/uL, 500-1499 cells/uL, and >1500 cells/uL."> Patients
having at least two blood eosinophil records during an episode were considered for the study. An approximation of the
blood eosinophil level for each patient episode was made by taking the mean of the recorded blood eosinophil level
across the length of respective patient episodes to offset the effect of fluctuations across the patient journey. An
illustration of the study design is provided in Figure 1. Ethics approval from Institutional Review Boards was not
required because this study utilized commercially available, anonymized administrative EHR data.

Data Collection

Patient characteristics, demographics, and comorbidities (including the Charlson Comorbidity Index [CCI])'® were
assessed at baseline. Medications (Table S3) were assessed at baseline and first diagnosis of CKD (stages 3 and 4 or
eGFR <60 mL/min). Estimated GFR levels were recorded during the follow-up for assessment of the CKD stage. Body
mass index, smoking status, blood eosinophils, and other blood tests (eg, hemoglobin and serum bicarbonate) were noted
in the follow-up until progression to the next stage.

270 https: International Journal of Nephrology and Renovascular Disease 2023:16
Dove


https://www.dovepress.com/get_supplementary_file.php?f=431375.pdf
https://www.dovepress.com/get_supplementary_file.php?f=431375.pdf
https://www.dovepress.com/get_supplementary_file.php?f=431375.pdf
https://www.dovepress.com/get_supplementary_file.php?f=431375.pdf
https://www.dovepress.com
https://www.dovepress.com

Dove Kielar et al

(KD Progression

Index Date (T1) M)

v Comorbidity-1 ~ Comorbidity-2 CKDEpisode ——— Last Appearance n
[ ) + + £0S-1 £05-2 EHR
CKD Stage X {} G CKD Stage Y
A - «l | 4
Medications <> .

¢ X 'Severity Test tevemy Test

idity- Comorbidity-1

¢ Prior to Index Date Comorbidty-2 y

(Baseline = 12 Months) Time to next stage
' m2-T1)

¢ Follow-Up >

Figure | Study design. An illustrative patient journey with details of baseline, enroliment, follow-up, and assessment endpoints.
Abbreviations: EHR, electronic health record; T1, time |; T2, time 2.

Outcomes

The primary outcomes of the study were time to CKD progression and all-cause mortality. CKD progression was
assessed using ICD-9-CM/ICD-10-CM diagnosis codes and eGFR over the follow-up period. The secondary outcome
was healthcare resource utilization, defined as the number of inpatient days (including length of stay) and outpatient/
office/emergency room visits.

Statistical Methods

Patients were stratified according to the starting CKD stage and grouped into one of the following stage-change
categories: 3 to 3,3 to 4,3 to 5, 4 to4, or 4 to 5. In cases of multiple eGFR tests conducted within 60 days, the 60-
day mean eGFR value was utilized. In addition, any eGFR value found within 30 days of an ICD code for a CKD stage
was superseded by the ICD diagnosis. Blood eosinophil values were averaged for each patient episode, with the average
used to place the episode in the appropriate eosinophil groups as defined above. For each patient episode, CKD
progression was measured by the time taken to transition between stages.

Categorical variables are presented as counts and percentages. Continuous variables were summarized using the
means, medians, standard deviations (SD), quartiles (Q), and ranges. Descriptive statistics were provided for the overall
characteristics of the study population at baseline. A multivariate Cox proportional hazards regression model was used to
assess the impact of each variable on CKD progression expressed as a hazard ratio (HR) with 95% ClIs while
simultaneously adjusting for remaining variables. Kaplan—-Meier curves were plotted to determine median survival
estimates along with time-dependent outcome probabilities across various blood eosinophil groups. Statistics were
performed using R studio (Version 1.1.456).

Results

A total of 383,708 cases were identified in which patients with CKD stages 3 and 4 either remained in the same stage or
progressed to stages 4 or 5 throughout the study period (Figure S1). Of these cases, 68.4% (262,636) occurred in patients over
age 65 and 66.6% (255,643) occurred in females. Approximately 77.5% (297,324) of episodes occurred in Caucasians, with
12.2% (46,722) and 2.4% (9236) noted in African Americans and Asians, respectively. Hypertension and diabetes were
frequently observed comorbidities, reported in 56.0% (214,802) and 34.0% (130,282) of episodes, respectively. Common
medications (Table S3) in CKD stage 3 and 4 episodes were antidiabetics (eg, sulfonylureas and biguanides) and statins,
present in 34.0% (130,282) and 25.6% (98,219) of episodes, respectively. Medicare (167,292; 43.6%) and commercial
(97,497; 25.4%) insurance provided coverage for the majority of the CKD stage 3 and 4 episodes. Patient characteristics
expressed by CKD stages 3 and 4 and average eosinophil categories are provided in Table 1.
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Table | Characteristics of Patients by Episodes and Average Blood Eosinophil Values

Characteristic Stage 3 to 3 Stages 3 to 4/5 Stage 4 to 4 Stages 4 to 5
Episode No. (%) 257,786 | 33,192 10,161 454 22,236 4146 1348 60 38,563 5474 1773 79 6511 1389 515 21
(85.5) (11.0) (34) 0.2) (80.0) (14.9) (4.9 0.2) (84.0) (1.9) (3.9 0.2) (772) | (l6.5) e.1) 0.3)
EOS count (cells/pL) <300 300- 500- | 21500 <300 300— 500- | 21500 <300 300— 500- | 21500 | <300 300- 500- | 21500
499 1499 499 1499 499 1499 499 1499
Age
18—44 years 30,401 2329 649 21 2011 274 104 3(5.0 3921 331 105 3(3.8) 747 138 73 2(9.5)
(11.8) (7.0) (6.4) (4.6) (9.0) (6.6) (7.7) (10.2) (6.0) (5.9 (1'.5) 9.9 (14.2)
45-54 years 20,175 2164 629 28 2348 365 121 6 2884 347 95 4(5.1) 842 206 42 2(9.5)
(7.8) (6.5) (6.2) (6.2) (10.6) 8.8) (9.0 (10.0) (7.5) (6.3) (54) (129) | (148) 8.2)
55-64 years 29,828 3920 1182 59 3437 696 219 10 7135 890 269 9 1580 323 139 6
(11.6) (11.8) (r.6) | (13.0) (15.5) (16.8) | (l16.2) | (16.7) (18.5) (16.3) | (15.2) | (11.4) | (24.3) | (233) | (27.0) | (28.6)
265 years 177,382 | 24,779 7701 346 14,440 2811 904 41 24,623 3906 1304 63 3342 722 261 I
(68.8) (74.7) (75.8) | (76.2) (64.9) (67.8) | (67.1) | (68.3) (63.9) (71.4) | (735) | (79.7) | (51.3) | (52.0) | (50.7) | (52.4)
Sex,
Female 176,501 19,368 5515 251 14,321 2331 663 26 27,586 3266 929 38 3911 680 247 10
(68.5) (58.4) (54.3) | (55.3) (64.4) (56.2) | (49.2) | (43.3) (71.5) (59.7) | (524) | (48.1) | (60.1) | (49.0) | (48.0) | (47.6)
Male 81,266 13,823 4643 203 7914 1815 685 34 10,971 2208 844 41 2598 709 268 I
(31.5) (41.6) (45.7) | (44.7) (35.6) (43.8) | (50.8) | (56.7) (28.4) (403) | (47.6) | (51.9) | (39.9) | (51.0) | (52.0) | (524)
Unknown 19 (0.0) 1 (0.0) 3(0.0) |0(@©.0) | 1(.0) | 000 |0(©0)|0(©0)]| 6(0) |0(.0)|0(.0 |0(.0 |2(.0)]|0(.0)]|0(.0)[0(.0)
Race
African 30,522 2863 886 64 3780 530 185 10 5148 632 178 10 1525 289 9l 9
(11.8) (8.6) (8.7) (14.1) (17.0) (12.8) | (13.7) | (16.7) (13.3) (1.5 | (10.0) | (12.7) | (23.4) | (20.8) | (17.7) | (42.9)
Asian 5973 679 293 15 506 101 44 6 1108 159 68 6 (7.6) 207 49 21 1 (4.8)
(23) (2.0 (29 (3.3) (23) (24) (3.3) (10.0) (2.9 2.9 (3.8) (32) (3.5) 4.1)
Caucasian 201,361 27,139 8127 321 16,346 3178 1024 35 28,739 4219 1334 48 4208 910 327 8
(78.1) (81.8) (80.0) | (70.7) (73.5) (76.7) | (76.0) | (58.3) (74.5) (77.1) | (75.2) | (60.8) | (64.6) | (65.5) | (63.5) | (38.1)
Other/Unknown 19,930 2511 855 54 1604 337 95 9 3568 464 193 15 471 141 76 3
(7.7) (7.6) 84) (11.9) (7.2) 8.1) (7.0) (15.0) 93) (8.5) (10.9) | (19.0 (8.8) (10.2) | (14.8) | (14.3)
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Comorbidities

Arthritis 57,910 8312
(22.5) (25.0)
Coronary atherosclerosis and 53,729 8163
other heart disease (20.8) (24.6)
Diabetes 81,930 12,968
(31.8) (39.1)
Dyslipidemia 67,019 9838
(26.0) (29.6)
Hypertension 141,439 20,579

(54.9) (62.0)
Health insurance

Commercial 67,288 8112
(26.1) (24.4)
Medicaid 19,069 1942
(7.4) (5.9)
Medicare 110,437 14,856
(42.8) (44.8)
Other 6172 703
(2.4) 2.1)
Uninsured 6990 838
2.7) (2.5)
Unknown 47,830 6741
(18.6) (20.3)
Charlson Comorbidity Index* 2.35 2.72

(243) | (245)

2486
(24.5)
2578
(25.4)
3924
(38.6)
2947
(29.0)
6325
(62.2)

2377
(23.4)
28
62)
4696
(46.2)
219
22)
272
@.7)
1969
(19.4)
2.82
(2.48)

8l
(17.8)
2
(20.3)
164
36.1)
123
@7.1)
270
(59.5)

139
(30.6)
2
(5.7)
192
(42.3)
6(1.3)

8(1.8)

83
(18.3)
2.67
(2.54)

4497
(20.2)
4915
@2.1)
8798
(39.6)
7958
(35.8)
12,776
(57.5)

5010
(22.5)
1735
(7.8)
10,821
(48.7)
470
@.1)
465
Q.1
3735
(16.8)
2.53
(2.42)

899
217
1059
(25.5)
1976
(47.7)
1646
(39.7)
2630
(634)

906
1.9
264
(64)
2043
(49.3)
85
Q.1
94
23)
754
(182)
2.94
(2.46)

279
(20.7)
332
(24.6)
628
(46.6)
523
(38.8)
854
(63.4)

287
1.3)
107
7.9)
665
(49.3)
38
(2.8)
31
(23)
220
(16.3)
2.93
(2.34)

5
(25.0)
I5
(25.0)
24
(40.0)
23
(383)
34
(56.7)

(15.0)
4(6.7)

23
(38.3)
1(1.7)

2(33)

21
(35.0)
2.35
(2.43)

8283
(21.5)
8214
(21.3)
13,234
(34.3)
9710
(25.2)

20,631
(53.5)

9829
(25.5)
3324
(8:6)
16,050
(41.6)
839
2.2)
1013
(2.6)
7508
(19.5)
2.58
(2.63)

1358
(24.8)
1456
(26.6)
2338
(42.7)
1542
(282)
3375
61.7)

1262
(23.1)
351
(64)
2497
(45.6)
126
(23)
141
(2.6)
1097
(20.0)
3.16
(2.68)

399
(22.5)
507
(28.6)
775
(43.7)
530
(29.9)
1124
(63.4)

393
222)
136
@.7)
784
(44.2)
46
(2.6)
44
(2.5)
370
(20.9)
330
(2.58)

16
(20.3)
17
(21.5)
39
(49.4)
24
(30.4)
54
(68.4)

2
(26.6)
4(5.1)

31
(39.2)

1(1.3)

2 (2.5)

20
(25.3)
3.49
.81)

s
(17.2)
1206
(18.5)
2592
(39.8)
2078
31.9)
3561
(54.7)

1458
(22.4)
570
88)
3210
(49.3)
140
22)
140
22)
993
(15.3)
2.68
@.51)

246
(17.7)
301
21.7)
655
(47.2)
515
(37.1)
836
(60.2)

299
(21.5)
1o
7.9)
718
(51.7)
3
22)
34
(24)
197
(14.2)
3.06
(2.56)

92
(17.9)
102
(19.8)
27
(44.1)
172
(33.4)
299
(58.1)

104
(20.2)
46
89)
256
(49.7)
3(0.6)

17
(33)
89
(17.3)
2.95
2.52)

(28.6)

(19.0)
10
(47.6)

(28.6)
5
(714)

(143)
2(9.5)

61.9)

0(0.0)

0(0.0)

(143)

3.52
(2.86)

Notes: Data are presented as number (%) unless otherwise noted. *Data are expressed as mean (SD).

Abbreviations: EOS, eosinophil; ins, insurance; SD, standard deviation.

aro(q

[e 32 Jeany|


https://www.dovepress.com
https://www.dovepress.com

Kielar et al Dove

Kidney function (eGFR) was analyzed across blood eosinophil levels in patients who progressed from CKD stages 3 and 4
(Table S4). Among patients whose CKD progressed from stages 3 and 4, those with normal blood eosinophils had a higher
mean eGFR than patients with blood eosinophils >300 cells/uL. Among patients with stage 3 CKD who progressed to stages 4
or 5 (hereafter indicated as 4/5), the average eGFR was 33 mL/min in patients with normal blood eosinophils and 31 mL/min
in those with >300 cells/uL. Similarly, among patients with stage 4 CKD who progressed to stage 5, the average eGFR was
16 mL/min higher with normal blood eosinophils and 15 mL/min in those with >300 cells/uL. The average time to CKD
progression was 477 days in CKD stage 3 patients with normal blood eosinophils compared with patients with >300 cells/uL
(ranging from 396 to 453 days). For stage 4 patients, the average time to CKD progression was 422 days in those with normal
blood eosinophils than in those with >300 cells/pL (ranging from 320 to 382 days). Complete patient episode characteristics
expressed by all blood eosinophil groups are provided in Table S4. Together, patients with blood eosinophils >300 cells/uL
progressed more rapidly across the CKD stages analyzed.

Based on Kaplan—Meier analysis, patients with normal blood eosinophil levels progress slower from CKD stage 4 to 5 over
3 years compared to those with levels over 300 cells/uL (Figure 2). The results of Cox proportional hazards regression models
are presented in Table 2. Patients with blood eosinophils of 300499 cells/uL were more likely to progress from stage 3 to 4/5
(HR 1.30; p<0.0001) and from stage 4 to 5 (HR 1.28; p<0.0001) compared with patients with normal blood eosinophils.
Patients with blood eosinophils between 500 and 1499 cells/uL were also associated with an increased probability of CKD
progression from stage 3 to stages 4/5 (HR 1.37; p<0.0001) and from stage 4 to 5 (HR 1.38; p<<0.0001).

The Cox proportional hazards regression model also identified factors associated with a greater risk of CKD
progression (Table 2). The increased severity of anemia was associated with an increased likelihood of CKD progression:
patients with mild, moderate, and severe anemia were more likely to progress from CKD stage 3 to 4/5 (HR 1.50, 1.73,
and 1.99, respectively) and from stage 4 to 5 (HR 1.64, 2.16, and 2.90, respectively) compared with patients with normal
hemoglobin levels (Table 2). Hypertension also presented a greater risk of CKD progression: patients with hypertension
stages 1-3 were more likely to progress from stage 3 to 4/5 (HR 1.32, 1.87, and 2.96, respectively) and from stage 4 to 5
(HR 1.46, 1.87, and 4.30, respectively) compared with normotensive patients. Polycystic kidney disease, Goodpasture
syndrome, glomerulonephritis, proteinuria, and sickle cell disease increased the likelihood of patients progressing from
stage 3 to 4/5 and from stage 4 to 5. Moreover, CCI scores of 1, 2, 3, 4, and >5 were associated with HRs of 1.05, 1.28,
1.42, 1.53, and 1.57, respectively, for CKD progression from stage 3 to stages 4/5 using a CCI of 0 as reference. Patients

a.) Stage 3 to Stage 4 or 5 b.) Stage 4 to Stage 5
EOS Range 0to 300 - 300 to 500 — 500 to 1500 1500+ EOS Range 01to 300 — 300 to 500 — 500 to 1500 1500+

\
\

Estimated Cumulative Probability
Estimated Cumulative Probability

100 1500
1000 1500
5 Time (Days
Time (Days) (Days)
Number af risk
Number af risk

4

EOS Range

4

EOS Range

0C 1500
Time (Days)

1000 1500
Time (Days)

Figure 2 (a and b) CKD Kaplan—Meier curves for stages 3 to 4/5 and stage 4 to 5. Kaplan—-Meier curves indicating median survival estimates along with time-dependent
outcome probabilities across blood eosinophils.
Abbreviation: EOS, eosinophils.
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Table 2 Factors for CKD Progression
Characteristic Reference Stages 3 to 4/5 Stages 4 to 5
Hazard Ratio (CI) P value Hazard Ratio (CI) P value
Demographic
Age
45-54 years 18—44 years 1.37 (1.29-1.44) <0.0001 1.08 (0.98-1.18) 0.1039
55-64 years 1.34 (1.27-1.41) <0.0001 1.01 (0.94-1.10) 0.7361
265 years 1.08 (1.02-1.13) 0.0044 0.65 (0.60-0.71) <0.0001
Sex
Male Female 1.12 (1.09-1.15) <0.0001 1.37 (1.31-1.44) <0.0001
Unknown 0.56 (0.08-3.97) 0.5608 1.98 (0.49-7.95) 0.3346
Race
Asian African American 0.91 (0.84-0.99) 0.0326 1.00 (0.88-1.14) 0.9743
Caucasian 0.85 (0.82-0.88) <0.0001 0.77 (0.73-0.81) <0.0001
Other/unknown 0.79 (0.74-0.83) <0.0001 0.79 (0.71-0.87) <0.0001
Comorbidity
Acidosis 1.08 (1.00-1.18) 0.0620 1.22 (1.10-1.36) 0.0002
Dyslipidemia 1.28 (1.24-1.32) <0.0001 1.27 (1.20-1.35) <0.0001
Glomerulonephritis 1.53 (1.44-1.62) <0.0001 1.56 (1.44-1.69) <0.0001
Goodpasture syndrome 2.33 (1.25-4.34) 0.0075 292 (1.31-6.53) 0.0091
Hyperkalemia 1.34 (1.27-1.42) <0.0001 1.12 (1.03-1.21) 0.0083
Polycystic kidney disease 3.31 (2.85-3.85) <0.0001 1.59 (1.30-1.95) <0.0001
Proteinuria 1.76 (1.67—1.85) <0.0001 1.45 (1.34-1.57) <0.0001
Sickle cell disease 1.67 (1.32-2.11) <0.0001 1.43 (1.02-1.99) 0.0354
Laboratory
Anemia (hemoglobin)
Mild (10.0-11.9 g/dL) Normal 1.50 (1.46—1.54) <0.0001 1.64 (1.54-1.75) <0.0001
Moderate (7.0-9.9 g/dL) 1.73 (1.68-1.79) <0.0001 2.16 (2.03-2.31) <0.0001
High (<7.0 g/dL) 1.99 (1.50-2.64) <0.0001 2.90 (2.10-4.01) <0.0001
Eosinophil count
300499 cells/pL Normal <300 cells/uL 1.30 (1.26-1.34) <0.0001 1.28 (1.20-1.36) <0.0001
5001499 cells/uL 1.37 (1.30-1.45) <0.0001 1.38 (1.26-1.51) <0.0001
>1500 cells/uL 1.50 (1.16-1.93) 0.0018 1.50 (0.97-2.30) 0.0667
Hypertension
Stage | Normal (SBP <129, DBP <80) 1.32 (1.27-1.37) <0.0001 1.46 (1.37-1.56) <0.0001
Stage 2 1.87 (1.75-2.00) <0.0001 1.87 (1.68-2.08) <0.0001
Stage 3 2.96 (1.75-5.00) <0.0001 4.30 (1.78-10.39) 0.0012
Medication
ACE inhibitors 0.91 (0.87-0.94) <0.0001 0.91 (0.84-0.98) 0.0111
Beta-blockers 1.09 (1.06—1.13) <0.0001 1.16 (1.09-1.24) <0.0001
Calcium channel blockers 1.25 (1.21-1.29) <0.0001 1.31 (1.23-1.40) <0.0001
Hematopoietic agents 1.75 (1.50-2.03) <0.0001 1.39 (1.20-1.62) <0.0001
Charlson Comorbidity Index
| CCl=0 1.05 (1.01-1.10) 0.0281 1.00 (0.92-1.10) 0.9577
2 1.28 (1.23-1.34) <0.0001 1.35 (1.25-1.46) <0.0001
3 1.42 (1.36-1.49) <0.0001 1.41 (1.29-1.54) <0.0001
4 1.53 (1.45-1.60) <0.0001 1.35 (1.23-1.48) <0.0001
5+ 1.57 (1.49-1.65) <0.0001 1.34 (1.22-1.48) <0.0001

Notes: Hypertension, stage |: systolic blood pressure (SBP) 130-139 mm Hg, diastolic blood pressure (DBP) 80-89 mmHg; stage 2: SBP 140-179 mmHg, DBP 90-119
mmHg; stage 3: SBP 2180 mmHg, DBP 2120 mmHg.
Abbreviations: ACE, angiotensin-converting enzyme; CCl, Charlson Comorbidity Index; CKD, chronic kidney disease.
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with prescribed medications associated with hypertension and anemia, such as calcium channel blockers, beta-blockers,
and hematopoietic agents, were more likely to progress from stage 3 to stages 4/5 as well as from stage 4 to 5. Patients
aged >65 (HR 1.08) were less likely to progress from stage 3 to stages 4/5 as compared with those aged 45-54 (HR 1.37)
and 55-64 (HR 1.34) when using young adult patients (18—44 years) as a reference. Males had a greater likelihood of
progressing from stage 3 to stages 4/5 (HR 1.12) and from stage 4 to 5 (HR 1.37). Caucasians and other races exhibited
a lower risk for CKD progression using African Americans as a reference for progression from stage 3 to 4/5 (HR 0.85
and 0.79, respectively) and from stage 4 to 5 (HR 0.77 and 0.79, respectively).

In patients with no CKD progression, mortality was similar between patients with normal blood eosinophils and those
with 500-1499 cells/uL for both stage 3 (20.0% vs 19.3%) and stage 4 (25.0% vs 25.8%) (Table S4). However, there was
a numerical increase in mortality for patients with blood eosinophils >300 cells/uL that progressed from CKD stage 3 to
4/5 (300499 cells/uL: 24.1%; 500—1499 cells/uL: 24.1%; and >1500 cells/uL: 28.3%) and 4 to 5 (300499 cells/uL:
24.3%; 5001499 cells/puL: 26.2%; and >1500 cells/uL: 23.8%) compared with patients with normal blood eosinophils
that progressed (stage 3 to 4/5, 22.6%; stage 4 to 5, 22.9%). A shorter, non-significant mean time to death was noted in
patients with 500-1499 cells/uL that progressed from stage 4 (21 days) compared with patients with normal blood
eosinophils.

Healthcare resource utilization parameters expressed by CKD stages 3 and 4 and eosinophil groups are provided in
Table 3. Monthly outpatient visits ranged from 0.91 to 0.96 across eosinophil groups in stage 3 CKD patients who did not
progress and from 1.03 to 1.33 in patients who progressed from stage 3 to 4/5. Inpatient admissions were notably higher
for patients who progressed from stage 4 to 5 compared with those progressing from stage 3 to 4/5; these patients were
more likely to have a length of stay of >3 days.

Discussion

We evaluated the rate of CKD progression in patients with different bEOS levels in a large US EHR database. Our data suggest
an association of CKD progression from stages 3 and 4 in patients with blood eosinophils >300 cells/uL. Higher blood
eosinophils also appeared to be associated with a shorter time to CKD progression. CKD progression was associated with
a greater number of outpatient visits, however patients with high blood eosinophils had a greater number of inpatient days.
Larger studies are needed to confirm the association between elevated blood eosinophil levels and mortality.

Elevated blood eosinophils have been associated with an increased risk of kidney pathology in specific patient
populations.'?'* One study reported 15.9-fold greater adjusted odds for progression to end-stage renal disease (ESRD) in
patients with peripheral eosinophilia (>4%) compared with those without peripheral eosinophilia, with the fastest decline
in kidney function observed in patients with >10% ecosinophilia.'* Similarly, CKD patients with spikes (>3%) in blood
eosinophils exhibited a 58% higher risk for the composite endpoint of ESRD or death than non-CKD patients.'* The
present study complements these findings with a larger sample in a real-world setting and suggests that blood eosinophils
>300 cells/uL increase the risk for CKD progression. The effects reported in the above studies were larger compared with
this study and may be attributed to a combination of small sample size, risk prediction for severe endpoints typically
associated with blood eosinophils >1500 cell/uL'” (eg, ESRD or death), distribution of co-morbidities,'® and homo-
geneity in groups. However, the present study was performed using a US database; thus, the effects observed in our study
are likely more representative of average CKD patients in the US.

This study also identified patient characteristics associated with higher CKD progression from stages 3 and 4. In our
analysis, older patients had a lower likelihood of CKD progression. Aging is associated with nephron atrophy, impaired
glomerular filtration, and an overall reduction in nephron function, which can occur in the absence of kidney pathology.'**
Thus, lower eGFR values may be less indicative of pathology in aged patients. While females are at greater risk for developing
CKD,'® males were at greater risk of CKD progression in this study. This finding was similar to a meta-analysis of four studies
of 7724 patients that investigated the effects of male sex on CKD progression, which found that males had a 37% greater risk
of progression from late-stage CKD to ESRD.*" African Americans were at greater risk of CKD progression compared with
other races in this analysis. This finding strengthens a similar conclusion drawn by a scoping review of racial disparities in
CKD that was based on smaller studies.?? The review attributed the risk to poorer kidney function than Caucasians, as well as
to cardiovascular, diabetic, and genetic (apolipoprotein E) differences.”
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Table 3 Healthcare Resource Utilization

Characteristic Stage 3 to 3 Stages 3 to 4/5 Stage 4 to 4 Stages 4 to 5
Episode no. (%) 257,786 33,192 10,161 454 22,236 4146 1348 60 38,563 5474 1773 79 6511 1389 515 21
(85.5) (11.0) (34) 0.2) (80.0) (14.9) (4.9) 0.2) (84.0) (11.9) (3.9) 0.2) (77.2) (16.5) e.1) 0.3)
EOS count (cells/uL) <300 300499 500- 21500 <300 300- 500- 21500 <300 300- 500- 21500 <300 300- 500- 21500
1499 499 1499 499 1499 499 1499
ER visits in progression period 0.10 0.09 0.09 0.09 0.11 0.10 0.11 0.12 0.10 0.09 0.10 0.12 0.12 0.12 0.15 0.12
(0.18) (0.23) (0.18) (0.18) (0.22) 0.19) (0.23) (0.18) 0.17) 0.17) 0.21) 0.22) 0.22) 0.22) (0.28) 0.13)
Inpatient admissions in 0.07 0.06 0.07 0.07 0.08 0.07 0.08 0.06 0.08 0.08 0.08 0.07 0.11 0.11 0.11 0.21
progression period 0.13) (0.13) (0.13) (0.15) (0.15) (0.13) (0.15) (0.14) (0.15) (0.14) (0.15) (0.10) 0.17) 0.17) (0.19) 0.31)
Inpatient days in progression 0.54 0.50 0.54 0.51 0.66 0.64 0.84 0.63 0.68 0.65 0.87 0.75 0.92 1.06 0.94 2.46
period (2.00) (2.32) (2.17) (1.09) (3:29) (3.19) (8.34) (2.28) (2.90) (2.32) (5.03) (1.45) (2.94) (4.38) (2.30) (6.77)
Outpatient visits in 0.91 0.95 0.96 0.93 1.27 1.33 1.27 1.03 0.94 1.03 1.01 1.03 1.36 1.37 1.50 1.29
progression period (1.11) (1.14) (1.18) (1.15) (1.33) (1.39) (1.30) (0.93) (1.12) (1.29) (1.25) (1.12) (1.48) (1.42) (1.63) (1.25)

Note: Mean data (SD) are expressed per month.

Abbreviations: EOS, eosinophil; ER, emergency room; SD, standard deviation.
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In this study, patients who had prescriptions for cardiovascular (calcium channel blockers and beta-blockers) and
hematopoietic drugs were more likely to progress from CKD stages 3 and 4. Patients with hypertension, anemia, and
diabetes had a greater risk for CKD progression according to disease severity, which was consistent with previous
studies.>'*** Patients who had never smoked or had quit smoking were 5-10% less likely to progress from stages 3 and 4.
Finally, greater CCI scores were associated with a greater risk of CKD progression. Taken together, comorbid conditions,
especially those that make up metabolic syndrome, increase the risk of CKD progression. Importantly, the agreement of
connected measures within this study (eg, increased risk of CKD progression in patients with hypertension and
antihypertensive prescriptions), as well as with the existing literature, provides a greater level of confidence in our
findings of an association between elevated blood eosinophils and risk of CKD progression.

There was a general trend for greater healthcare resource utilization in CKD patients with blood eosinophils >300
cells/pL compared with patients with normal blood eosinophils. Specifically, blood eosinophils >300 cells/uL appeared
to be associated with more inpatient days in the progression period; however, there was substantial variability across
blood eosinophil groups. More research is needed to fully investigate the impact of blood eosinophils and CKD
progression on healthcare resource utilization.

This analysis describes the relationship between blood eosinophils and the progression of CKD as well as associated
risk factors. We can speculate upon the role of eosinophils in increasing the risk of progression, but a clear mechanism
for eosinophil-mediated CKD progression has not been elucidated despite numerous publications describing increased
morbidity with elevated blood eosinophils in CKD.>*2° It is intriguing to consider the role of eosinophil-depleting
biologics, such as benralizumab, in hopes of curtailing the progression of CKD in the setting of elevated blood
eosinophils, but this requires further research. Mechanistic studies using animal models are necessary to characterize
pathophysiological roles for eosinophils as related to CKD progression.

Strengths and Limitations

The Optum PANTHER EHR database contains medical diagnoses and procedures, medications, patient and provider
characteristics, laboratory values, vital signs, provider notes, and health-care costs via an integrated insurance claims
database, which increases the reliability of data for projection to the general US population. Moreover, this study utilized
a long period of follow-up, which enabled the monitoring of disease progression over time. Limitations included
retrospective examination of EHR to assess the risk of CKD progression according to patient and/or disease character-
istics. The veracity of results depends on the accuracy of administrative coding, from which errors can arise. We were
unable to differentiate between primary and secondary eosinophilia because of available data, and our sample size for the
analysis of healthcare resource utilization was limited. Because of the lack of blood eosinophil records in the baseline
period (12 months) of most patient episodes, the approximation of blood eosinophil levels was made using the records in
the follow-up period. There was also the potential for incomplete capture of mortality data through electronic health
records.

Conclusions

This large real-world study of a US EHR database suggests that higher blood eosinophil levels (=300 cells/uL) may
contribute to the increased risk of CKD progression from stages 3 and 4, independent of known risk factors. This study
also identified factors contributing to the risk of CKD progression, which included sex, race, hypertension, anemia, and
prescriptions for cardiovascular and hematopoietic drugs. Larger studies are needed to assess whether elevated eosino-
phils are associated with poor CKD outcomes and if eosinophil-depleting therapies provide a benefit in this patient
population.

Abbreviations

CCI, Charlson Comorbidity Index; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; EHR,
electronic health records; EID, eosinophilic immune dysfunction; ESRD, end-stage renal disease; HR, hazard ratio; ICD-
9-CM, International Classification of Diseases, 9th Revision; ICD-10-CM, International Classification of Diseases, 10th
Revision.
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