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Abstract

Rationale & Objective: While some evidence exists of increased dementia risk from anemia, 

it is unclear if this association persists among adults with CKD. Anemia may be a key marker 

for dementia among adults with CKD. We therefore evaluated if anemia is associated with an 

increased risk of dementia among adults with CKD.

Study Design: Retrospective cohort study.
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Setting & Participants: The study included 620,095 veterans aged ≥45 years with incident 

stage 3 CKD (estimated glomerular filtration rate [eGFR] <60 mL/min/1.73 m2) between January 

2005 and December 2016 in the US Veterans Health Administration system and followed through 

December 31, 2018 for incident dementia, kidney failure or death.

Exposures: Anemia was assessed based on the average of hemoglobin levels (g/L) during the 

two years prior to the date of incident CKD and categorized as normal, mild and moderate/severe 

anemia (≥12.0, 11.0–11.9, <11.0 g/dL, respectively for women and ≥13.0, 11.0–12.9, <11.0 g/dL 

for men).

Outcomes: Dementia and the composite outcome of kidney failure or death.

Analytical Approach: Adjusted cause-specific hazard ratios were estimated for each outcome.

Results: At the time of incident CKD, mean age was 72 years, 97% were male, and mean 

eGFR was 51 mL/min per 1.73 m2. Over a median 4.1 years of follow-up, 92,306 (15%) veterans 

developed dementia before kidney failure or death. Compared to veterans with CKD without 

anemia, multivariable-adjusted models showed a 16% (95% confidence interval [CI] 14% to 17%) 

significantly higher risk of dementia for those with mild anemia and a 27% (95% CI 23% to 31%) 

higher risk with moderate/severe anemia. Combined risk of kidney failure or death was higher at 

39% (95% CI 37% to 40%) and 115% (95% CI 112% to 119%) for mild and moderate/severe 

anemia, respectively, compared to no anemia.

Limitations: Residual confounding from the observational study design. Findings may not be 

generalizable to the broader U.S. population.

Conclusions: Anemia was significantly associated with increased risk of dementia among 

veterans with incident CKD, underscoring the role of anemia as a predictor of dementia risk.

Plain Language Summary

Adults with chronic kidney disease (CKD) often have anemia. Prior studies among adults in 

the general population suggest anemia is a risk factor for dementia, though it is unclear if this 

association persists among adults with CKD. In this large study of veterans in the United States, 

we studied the association between anemia and the risk of two outcomes: 1) dementia; 2) kidney 

failure or death, which are important outcomes in this population. We found that anemia was 

associated with a greater risk of dementia, as well as risk of kidney failure or death. The study 

findings therefore emphasize the role of anemia as a key predictor of dementia risk among adults 

with CKD.

Index Words:

chronic kidney disease; anemia; dementia; kidney failure; ESKD

Introduction

Among adults 65 years of age and older, over one third are affected by chronic 

kidney disease (CKD)1 and nearly one in ten have dementia2. Both conditions contribute 

substantially to the health and financial burden of affected adults,3–5 as well as share many 

risk factors such as cardiovascular disease, diabetes, hypercholesterolemia, and anemia5,6. 
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While existing studies suggest anemia may be a risk factor for dementia7, it is unclear if 

this association persists among adults with CKD. Anemia may play a role in the association 

between CKD and dementia risk. In addition to being a non-conventional risk factor for 

CKD8,9, anemia may also result from CKD. As renal function worsens, erythropoietin 

production in the renal cortex decreases10, resulting in decreased red blood cell production 

and risk of anemia. With reduced capacity to oxygenate brain tissue in the anemic state, 

neurodegeneration may result through increased production of β-amyloid protein implicated 

in the pathology of dementia, reduced cerebral blood flow, and prolonged hypoxia7.

Few studies have examined if anemia is a risk factor for cognitive impairment or dementia 

among older adults with CKD. One study of adults ≥55 years old with CKD from the 

Chronic Renal Insufficiency Cohort (CRIC) did not find any significant association between 

anemia and either cross-sectional baseline cognitive function or longitudinal change in 

cognitive function11. Other studies are subject to considerable methodological limitations 

including cross-sectional study designs, small samples, and reporting only univariate 

analyses12–16. Further, the association of anemia and dementia is confounded by the use of 

erythropoietin-stimulating agents (ESA), which may confer a risk of stroke17. Some studies 

also restrict to patients with kidney failure14,15, in whom the risk profile for health outcomes 

such as incident dementia may qualitatively differ due to the advanced state of the disease. 

Therefore, we leveraged the large longitudinal data available in the United States Veterans 

Health Administration (VHA), to examine the association of anemia with incident dementia 

among adults in mid- to late-life with CKD. As secondary analyses, we also examined this 

association in a subgroup with measures for transferrin saturation (TSAT) to evaluate the 

possible role of iron deficiency in the pathogenesis of dementia. We also assessed the risk 

of kidney failure or death as a composite outcome, as they are important patient-centered 

outcomes in this population.

Methods

Study Population

This study comprises veterans in the VHA, an integrated healthcare system providing care 

for veterans at approximately 1,300 facilities throughout the United States. Veterans were 

45 years and older with incident CKD stage 3 between January 1, 2005 and December 31, 

2016. The date of incident CKD, serving as the index date, was defined as the second of 

two estimated glomerular filtration rate (eGFR) values <60 mL/min/1.73 m2 occurring at 

≥91 days apart but within 18 months, and for the first time over the study period. The eGFR 

was calculated using the 2021 CKD Epidemiology (CKD-EPI) Collaboration creatinine 

equation that does not include the race term18. To maximize accuracy of the index date in 

representing veterans’ first lifetime instance of decreased eGFR lasting ≥91 days (incident 

CKD), eligible veterans must have been in the VHA for at least two years before their initial 

eGFR value <60 mL/min/1.73m2 recorded in the VHA database. Given this criteria, during 

these two years, 91% of veterans in the cohort had creatinine measurements (all eGFR 

values ≥60 mL/min/1.73m2) and the remaining 9% had no creatinine measurements. To 

ensure accurate ascertainment of anemia status, veterans included in this cohort were regular 

users of the VHA, defined a priori as VHA enrollees who fulfilled two criteria: 1) utilized 
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VHA services that were documented in annual utilization files for the year of the index date 

and the prior two calendar years; 2) had at least one outpatient visit during the two years 

before the first of two eGFR values <60 mL/min/1.73 m2. Veterans were excluded if they 

did not have any outpatient hemoglobin values within two years prior to the index date, or 

had a diagnosis of dementia (including secondary dementia attributed to alcohol abuse) or 

kidney failure before the index date. The flow chart for the cohort construction is presented 

in Figure S1. Institutional Review Board approval was obtained at the University of Virginia 

and the Salem Veterans Affairs Medical Center and the study was conducted in accordance 

with the Declaration of Helsinki. Informed consent was waived as the study only comprised 

secondary data analysis of deidentified data.

Study Variables

Follow-up period began from the index date and accrued until the first occurrence of the 

following events: diagnosis of dementia, kidney failure, death, loss to follow-up (defined 

at 18 months after the last clinical record in the VHA system), or the end of the study 

period (December 31, 2018). The primary outcome was incidence of dementia before 

kidney failure. The secondary outcome was the composite event of death or kidney failure 

before incidence of dementia. Dementia was identified based on the first occurrence of 

any qualifying International Classification of Diseases, Ninth Revision or Tenth Revision 

diagnosis code (ICD-9, ICD-10) code in the electronic medical record, using an algorithm 

adapted from a prior publication (Table S1)19. Secondary cases of dementia attributed to 

alcohol abuse were excluded due to its distinct etiology. Death status was based on the 

VHA Vital Status File and VHA Corporate Data Warehouse (CDW) Patient Domain. Kidney 

failure was determined by the initiation of kidney replacement therapy, which was recorded 

in the United States Renal Data System (USRDS) through linking our cohort to the USRDS.

The baseline period was defined as the two-year period prior to the index date. Baseline 

anemia status was measured using the average of all outpatient hemoglobin measurements 

during this baseline period. Thresholds to define categories of anemia status were based on 

World Health Organization criteria20. Ranges of hemoglobin levels (g/dL) for no anemia, 

and mild, moderate and severe anemia were as follows: ≥12.0, 11.0–11.9, 8.0–10.9, <8.0, 

respectively, for women and ≥13.0, 11.0–12.9, 8.0–10.9, <8.0 for men. Due to a small 

sample size for severe anemia, the moderate and severe categories were combined for all 

analyses. Follow-up anemia status was defined for each year of follow-up using the average 

of outpatient hemoglobin values during the previous year and with the most recent value 

carried forward in the absence of any measures for a given year.

Baseline demographic covariates included age (45–64, 65–84, 85–100 years) at the 

index date, sex, and race/ethnicity (Black, Hispanic, Other or Unknown, White). “Other” 

races included veterans who identified as American Indian/Alaska Native, Asian, Native 

Hawaiian/Pacific Islander, or multiple races. Additional covariates included smoking 

status (current, former, never), body mass index (BMI; kg/m2), recent history of blood 

transfusion (based on at least one qualifying code during the two-year baseline period), 

urinary albumin-to-creatinine ratio (UACR; <29, 30–300, >300 mg/g), transferrin saturation 

(TSAT; <20%, ≥20%), medication use (ESA, angiotensin-converting-enzyme inhibitors 
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[ACEi], and angiotensin II receptor blockers [ARB]), and comorbidities. Comorbidities 

were assessed based on the presence of at least one ICD diagnosis code and included 

hypertension, depression, alcohol abuse, drug abuse, as well as those comprising the 

Charlson Comorbidity Index (CCI)21, excluding kidney disease and dementia. These 

variables were defined using records during the two-year baseline period, with the exception 

of the calculation of the CCI, which was based on records within prior five years, to 

better capture long-term history of comorbidities. TSAT was based on the average of 

measurements over the baseline period.

All laboratory test results were obtained from the VHA CDW. As the cohort has been 

linked to Centers for Medicare and Medicaid Services (CMS) data, other variables were 

based on both VHA records and Medicare claims from the CMS. Specifically, dementia, 

comorbidities, and blood transfusion were based on records from both the VHA CDW and 

CMS Medicare Part A & Part B. Medications (ESA, ACEi and ARB) were based on records 

in the VHA CDW, with additional CMS Medicare Part A & Part B for ESA.

Statistical Analysis

Baseline characteristics were summarized by baseline anemia status using counts and 

proportions for categorical variables, mean and standard deviation for normally distributed 

continuous variables, and median and interquartile range for non-normal continuous 

variables. The association between anemia status and incident dementia was examined 

with cause-specific hazard models22 using dementia before kidney failure as the event 

of interest. Patients were censored if they developed the competing risk, the composite 

outcome of kidney failure or death, before developing dementia. Because anemia status may 

change over time, in addition to evaluating the potential effect of baseline anemia status, we 

also performed cause-specific hazard models with annual anemia status modeled as a time-

varying covariate. Similarly, cause-specific hazard models were performed for the secondary 

outcome, the composite event of death or kidney failure before incidence of dementia, as 

the event of interest. Patients were therefore censored if they developed the competing risk, 

incident dementia, before kidney failure or death. We obtained both unadjusted and adjusted 

hazard ratios (HR) for mild and moderate/severe anemia, respectively, compared with no 

anemia. Variables used for adjustment included the following: age, sex, race/ethnicity, BMI, 

smoking status, eGFR, ESA use, ACEi use, ARB use, blood transfusion, CCI, hypertension, 

depression, alcohol abuse, drug abuse, and year of incident CKD. The proportional hazards 

assumption was assessed using the cox.zph function from the survival package in R.

To evaluate iron deficiency as a potential confounder of the association between anemia 

and each outcome, we performed additional analyses in a subcohort of veterans (n=112,334, 

18% of the overall cohort) who had available TSAT data. We obtained the adjusted HRs with 

and without further adjustment for TSAT by adding TSAT to the previous adjusted models 

used in the primary analysis. Lastly, the primary analysis was replicated in subgroups 

of select baseline covariates to assess potential effect modification and p values for the 

corresponding interaction tests were reported. We also examined the availability of TSAT 

measurement as an effect modifier. SAS 9.4 (SAS Institute Inc., Cary, NC) and R Statistical 
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Software (version 4.1.2, R Foundation for Statistical Computing) were used to conduct 

statistical analyses.

Results

Characteristics of the 620,095 veterans are presented in Table 1. The mean age at index 

date was 72 years (standard deviation [SD]: 10 years); 600,568 (97%) were male and the 

majority were White (437,030 [71%]). Compared with veterans without anemia at baseline, 

those with moderate or severe anemia were more likely to be older, identify as Black, have 

a lower mean eGFR, have had a blood transfusion, be ESA users, and have more prevalent 

comorbidities. Over a median follow-up of 4.1 years (interquartile range [IQR]: 2.4 – 7.0 

years), 92,306 (15%) veterans developed dementia before kidney failure, with an incidence 

rate of 30.6 cases per 1,000 patient-years. A total of 201,686 (33%) veterans developed 

kidney failure or died without developing dementia, with an incidence rate of 66.6 cases 

per 1,000 patient-years. Of the veterans who developed dementia before kidney failure, the 

median age at dementia diagnosis was 83 years (IQR: 76 – 88), reflecting a predominance of 

late-onset dementia among observed cases.

Among veterans with incident CKD, both mild and moderate/severe anemia at baseline were 

significantly associated with an increased risk of both the primary outcome of dementia 

before kidney failure and the secondary composite outcome of kidney failure or death (Table 

2). In multivariable-adjusted models, mild and moderate/severe anemia were significantly 

associated with a 16% (HR [95% CI]: 1.16 [1.14–1.17]) and 27% (HR [95% CI]: 1.27 

[1.23–1.31]) increased risk of dementia, respectively. For the composite outcome of kidney 

failure or death, anemia was a stronger risk factor than for dementia, with a 39% (HR [95% 

CI]: 1.39 [1.37–1.40]) and 115% (HR [95% CI]: 2.15 [2.12–2.19]) significantly increased 

risk for mild and moderate/severe anemia, respectively, compared with no anemia. For the 

above findings, although p values for testing the proportional hazards assumption were less 

than 0.001, the tests were likely over-sensitive to slight deviations from the assumption due 

to the large sample size, as the time-varying HRs did not deviate substantially from the 

average HR over the course of follow-up and the direction of association did not change. 

When considering time-varying anemia status, the hazard ratios showed a similar trend 

but of a higher magnitude as compared to anemia status at baseline. In the subgroup of 

veterans with available TSAT measurements, results from the primary analysis were slightly 

attenuated but did not substantively change (Table S2).

Within select baseline subgroups (Figure 1), the significantly increased risks of both 

outcomes (dementia and the composite outcome of kidney failure or death) from anemia 

were seen across the subgroups. P-values from tests for interaction ranged from <0.001 to 

0.75. For both the dementia and kidney failure or death outcomes, the interaction between 

anemia status and age group was significant (p<0.001), while it was not significant for sex, 

with the latter finding potentially attributed to greater variability in estimates due to small 

numbers of female veterans in anemia subgroups. The majority of the remaining interaction 

tests were statistically significant, particularly for the composite outcome of kidney failure 

or death.
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Discussion

In a large national cohort of veterans with incident CKD, anemia was associated with 

an increased risk of dementia in addition to the composite outcome of kidney failure or 

death. Furthermore, observed associations with dementia risk were greater in magnitude 

when using a time-varying measure of anemia status, suggesting that the recent presence 

or severity of anemia may be a stronger indicator of dementia risk than baseline anemia. 

More recent anemia may be an indication of anemia accelerating the progression of 

dementia, since the pathology underlying dementia develops years or decades before clinical 

diagnosis23. In contrast, the larger magnitude of association using time-varying anemia 

status may also be attributed to reverse causation, as dementia can lead to cognitive and 

functional deficits resulting in malnutrition and anemia. The association between anemia 

status and kidney failure or death was stronger, which may be at least partially attributed 

to anemia as a marker of worsening CKD, as reflected by lower baseline eGFR among 

veterans with anemia compared with those without anemia. Additionally, the anemia-CKD 

relationship may also be bidirectional, as anemia may contribute to progression to kidney 

failure from hypoxic injury in tubular cells24. However, such mechanisms are unlikely 

to have meaningfully contributed to the observed results as patients with CKD are at 

substantially greater risk of cardiovascular death than kidney failure.

While the risk of kidney failure or death was higher than the risk of dementia, approximately 

15% of veterans with CKD still developed dementia over a median follow-up of 4.1 years. 

Moreover, this value is likely an underestimate, given the tendency to under-ascertain 

dementia when using administrative data25. Additionally, with increasing prescription drug 

coverage26 and availability of newer treatments27, the survival rate among individuals 

with CKD continues to increase26, therefore increasing the probability of developing other 

conditions prevalent in late-life such as dementia. Furthermore, compared with VHA users, 

the burden of dementia risk may be greater in the general population due to the larger 

proportion of women, who are at greater risk of dementia than men28. Collectively, these 

findings underscore the risk of dementia among adults with CKD. The current findings also 

highlight the importance of recognizing anemia as a potential marker of dementia risk in this 

population.

Our results were further enhanced by adjusting for iron deficiency status using TSAT, 

suggesting that the anemic state itself and/or other causes of anemia are likely driving 

the observed results. However, while demographic and clinical characteristics were similar 

between patients with and without TSAT measurements, patients selected for TSAT 

measurements in a clinical setting might still differ from the general patient population 

by other unmeasured factors. Regardless, rather than iron deficiency, a more prevalent cause 

of anemia may be anemia of chronic disease or inflammation from CKD itself and/or 

other conditions such as cancer, autoimmune disease, and acute or chronic infections29,30. 

It is unknown to what extent the anemia observed in our cohort is attributed to CKD, 

from these inflammatory conditions, or from other potential causes such as vitamin B12 

or folate deficiency. Thus, it is possible that the observed anemia in our cohort is a proxy 

measure of underlying risk factors of dementia that include cardiometabolic, inflammatory, 

nutritional, environmental and psychosocial factors. Randomized trials have not shown any 
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reduction in risk of death or major cardiovascular events among adults with CKD when 

administered ESA17,31,32, emphasizing the likely role of anemia as a predictive but not 

a causative risk factor for adverse health outcomes. Similarly, as adjustment for TSAT 

in the current study did not affect results, correction for iron deficiency may not reduce 

risk of dementia. Therefore, given the collective evidence, it may be most important to 

identify and target those factors contributing most to the anemic state to reduce the risk of 

outcomes such as dementia, kidney failure, or death among adults with CKD. Lastly, the 

biologic mechanisms by which anemia can contribute to neurodegenerative processes are 

yet to be fully explored. Current hypotheses include chronic brain hypoxia contributing to 

increased inflammation and formation of β-amyloid protein7,33, and decreased activation of 

neuroprotective erythropoietin receptors in the brain34.

A prior study among adults with CKD has evaluated the longitudinal association between 

anemia and dementia or other measures of cognitive function. Among 692 participants ≥55 

years old (mean age=64 years) with prevalent CKD from the CRIC study11, no significant 

association was found between anemia status and longitudinal change in cognitive function 

as measured by any of six neuropsychological tests. Though a neuropsychological battery 

may provide more information on cognitive function than diagnosis codes, the CRIC study 

might have been underpowered and CRIC volunteer study participants, on average, were 

younger and more likely to be healthier than VHA users35. Therefore, although the CRIC 

study findings did not show statistical significance, the results may be difficult to compare 

due to differences in study design, sample size and participant characteristics.

Strengths of the current study include the large national cohort with available data on 

clinical diagnoses, laboratory measures and pharmaceutical treatment, and the use of an 

incident CKD cohort at baseline which may reduce confounding by disease stage. Moreover, 

the use of both VHA records and Medicare claims to measure variables such as dementia 

and comorbidities likely provide greater validity than using VHA data alone as is commonly 

done in other studies. Additionally, time-dependent and subgroup analyses were conducted 

to illustrate the robustness of results. Limitations include the observational study design, 

as residual confounding from unmeasured variables such as socioeconomic status may 

have affected results. Since findings are derived from a cohort of predominately male 

veterans, the results may not be generalizable to the U.S. population. Non-differential 

misclassification of anemia status may result from measurement error of hemoglobin 

levels36, although using the average of multiple measurements may reduce the impact of 

any misclassification. Lastly, the use of ICD codes in place of direct neuropsychological 

assessment to identify incident dementia may result in under-ascertainment.

In conclusion, our findings suggest that anemia is a predictor for dementia in a national 

cohort of veterans with incident CKD. Future studies are warranted to identify what 

factors leading to anemia play the largest role in the etiology of dementia. Identification 

of modifiable risk factors would have the greatest potential public health impact in reducing 

dementia risk among adults with CKD.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Association between anemia at baseline and outcome in select baseline subgroups. Hazard 

ratios are stratified by levels of subgroups for age, sex, race/ethnicity, diabetes status, 

urinary albumin-to-creatinine ratio (UACR), transfusion status, availability of transferrin 

saturation (TSAT) measurement (yes/no), and TSAT (<20% / ≥20%) (among those with 

available TSAT), adjusting for all covariates included in the adjusted models shown in Table 

2, provided it is not the stratifying variable. The rhombus symbol indicates the hazard 

ratios (HR) for mild anemia versus no anemia and the circle symbol indicates the HRs for 

moderate/severe versus no anemia. Abbreviations: P(int) = p value for the interaction test.
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Table 1.

Baseline characteristics of veterans, by anemia status

Characteristic Overall (n=620,095) Baseline anemia status

Normal (n=416,582) Mild (n=168,469) Moderate or severe 
(n=35,044)

Age at CKD onset, years, mean ± SD 72 ± 10 72 ± 10 74 ± 10 73 ± 11

Age category at CKD onset, n (%)

45–64 years 153,731 (25) 106,986 (26) 37,624 (22) 9,121 (26)

65–84 years 401,999 (65) 273,461 (66) 107,789 (64) 20,749 (59)

≥ 85 years 64,365 (10) 36,135 (9) 23,056 (14) 5,174 (15)

Male, n (%) 600,568 (97) 401,558 (96) 165,430 (98) 33,580 (96)

Race and ethnicity, n (%)

Black 102,360 (17) 61,705 (15) 32,611 (19) 8,044 (23)

Hispanic 23,828 (4) 14,651 (4) 7,445 (4) 1,732 (5)

White 437,030 (71) 302,458 (73) 112,466 (67) 22,106 (63)

Other or unknown 56,877 (9) 37,768 (9.1) 15,947 (10) 3,162 (9)

BMI, kg/m2, mean ± SD 29.8 ± 6.0 30.0 ± 5.8 29.5 ± 6.4 28.6 ± 6.7

Smoking, n (%)

Current 138,128 (22) 97,905 (24) 32,853 (20) 7,370 (21)

Former 342,184 (55) 224,230 (54) 97,692 (58) 20,262 (58)

Never 139,783 (23) 94,447 (23) 37,924 (23) 7,412 (21)

eGFR at onset, mL/min per 1.73 m2, 
mean ± SD

51 ± 8 52 ± 7 50 ± 9 46 ± 11

Blood transfusion, n (%) 48,106 (8) 15,165 (4) 20,182 (12) 12,759 (36)

ESA use, n (%) 6,152 (1) 563 (0.1) 2,787 (2) 2,802 (8)

ACEi use, n (%) 351,917 (57) 230,154 (55) 101,439 (60) 20,324 (58)

ARB use, n (%) 82,267 (13) 52,425 (13) 24,908 (15) 4,934 (14)

Charlson score, median (IQR) 2 (1–4) 2 (1–3) 3 (1–4) 4.0 (2–6)

Hypertension, n (%) 561,485 (91) 372,704 (90) 156,466 (93) 32,315 (92)

Depression, n (%) 181,712 (29) 119,641 (29) 50,573 (30) 11,498 (33)

Alcohol abuse, n (%) 55,297 (9) 33,956 (8) 16,375 (10) 4,966 (14)

Drug abuse, n (%) 35,916 (6) 22,753 (6) 10,342 (6) 2,821 (8)

Diabetes, n (%) 303,872 (49) 184,040 (44) 98,654 (59) 21,178 (60)

Heart failure, n (%) 145,429 (234) 81,051 (20) 50,925 (30) 13,453 (38)

Coronary artery disease, n (%) 280,572 (45) 176,155 (42) 86,363 (51) 18,054 (52)

Cardiac dysrhythmia, n (%) 207,783 (34) 128,007 (31) 64,916 (39) 14,860 (42)

Other cardiac disease, n (%) 187,874 (30) 112,237 (27) 60,836 (36) 14,801 (42)

CVA/TIA, n (%) 128,241 (21) 78,507 (19) 40,739 (24) 8,995 (26)

PVD, n (%) 171,268 (28) 102,468 (25) 55,498 (33) 13,302 (38)

COPD, n (%) 183,493 (30) 115,692 (28) 54,603 (32) 13,198 (38)
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Characteristic Overall (n=620,095) Baseline anemia status

Normal (n=416,582) Mild (n=168,469) Moderate or severe 
(n=35,044)

Cancer, n (%) 144,551 (23) 83,376 (20) 47,924 (28) 13,251 (38)

GI bleeding disorders, n (%) 64,653 (10) 32,564 (8) 23,372 (14) 8,717 (25)

Liver disease, n (%) 27,094 (4) 13,874 (3) 9,412 (6) 3,808 (11)

HIV/AIDS, n (%) 4,374 (0.7) 2,746 (0.7) 1,286 (0.8) 342 (1)

UACR, n (%)

<30 mg/g 93,171 (15) 62,706 (15) 26,245 (16) 4,220 (12)

30–300 mg/g 50,306 (8) 29,936 (7) 16,678 (10) 3,692 (11)

>300 mg/g 15,993 (3) 8,419 (2) 5,919 (4) 1,655 (5)

 Missing 460,625 (74) 315,521 (76) 119,627 (7) 25,477 (73)

TSAT, n (%)

≥20% 66,134 (11) 29,064 (7) 28,986 (17) 8,084 (23)

<20% 46,200 (8) 13,101 (3) 23,735 (14) 9,364 (27)

 Missing 507,761 (82) 374,417 (90) 115,748 (69) 17,596 (50)

Hemoglobin (g/dL), mean ± SD 13.6 ± 1.6 14.4 ± 1.0 12.2 ± 0.5 10.2 ± 0.7

Abbreviations: ACEi = angiotensin-converting enzyme inhibitors; ARB = angiotensin II receptor blockers; BMI = body mass index; CKD = 
chronic kidney disease; COPD = chronic obstructive pulmonary disorder; CVA/TIA = cerebrovascular accident/transient ischemic attack; eGFR 
= estimated glomerular filtration rate; ESA = erythropoiesis stimulating agent, GI = gastrointestinal; HIV/AIDS = human immunodeficiency virus/
acquired immunodeficiency syndrome; IQR = interquartile range; PVD = peripheral vascular disease; SD=standard deviation TSAT=transferrin 
saturation; UACR = urinary albumin-to-creatinine ratio

Note: Blood transfusion status, medication use, and comorbidities were based on their presence in the two years prior to the date of incident CKD.
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