Chronic Kidney Disease: Chapter 1

CKD in the General Population
Highlights
Overall, 14.4% of the U.S. adult population surveyed in 2015-2018 in the National Health and Nutrition Examination Survey (NHANES)
had CKD based on a low eGFR or albuminuria (on a single examination), a percentage that has been relatively stable over the last
several years (Table 1.1, Figure 1.1).
The prevalence of CKD declined within several key risk groups, including older individuals and those with diabetes and cardiovascular
disease (Figure 1.1). However, the prevalence of these risk factors increased over the same period (Figure 1.5). Thus, some success in
prevention of CKD among high-risk individuals was offset by an increase in the number of individuals with these underlying high-risk
conditions.
Individuals with CKD were more likely to be sedentary than those without CKD (26.1% vs. 21.6% in 2015-2018) (Table 1.3). Adherence
to a low sodium diet was poor (<25%) among those with and without CKD.

Introduction and Methods
This chapter presents cross-sectional estimates of CKD prevalence in the U.S. using data from the National Health and Nutrition
Examination Survey (NHANES), which includes data derived from interviews, physical examinations, and laboratory testing. The sample,
which is updated biennially, is representative of the non-institutionalized U.S. population, with oversampling of certain subgroups to increase
reliability and precision of health indicator estimates. We report the most recent NHANES results for 2017-2018 and examine trends based
on four distinct four-year periods — 2003-2006, 2007-2010, 2011-2014, and 2015-2018. The study population consists of 39,569 NHANES
participants aged ≥20 years with serum creatinine and urinary albumin and creatinine measures, 9901 of whom are members of the 20152018 cohort.
In its 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease (Kidney Disease: Improving Global
Outcomes CKD Workgroup, 2013), KDIGO defined CKD as abnormalities of kidney structure or function present for >3 months with
implications for health. We have estimated CKD stages based on single estimates of GFR and albuminuria available in NHANES, which
invariably overestimates the prevalence of CKD compared with a requirement for persistently abnormal values in the clinical practice
guidelines. We evaluated kidney function using eGFR calculated using the original CKD-EPI creatinine-based equation (Levey et al., 2009),
which does include a term for Black race and was the most widely used equation at the time these analyses were performed. (However, in
this year’s special supplement on health disparities, we present a comparison of CKD prevalence according to the original CKD-EPI
equation versus the new refitted CKD-EPI creatinine-based equation without a term for Black race [Inker et al., 2021] that was endorsed for
clinical use by a joint task force of the National Kidney Foundation and the American Society of Nephrology [Delgado et al., 2021] [Table
14.1].) We used the urinary albumin to creatinine ratio (ACR) to assess urinary albumin excretion. In NHANES, diabetes mellitus and
hypertension are defined using patient report, examination or laboratory testing, and medication use, whereas cardiovascular disease is
based on self-report only as hospital records were not available. We present the prevalence of CKD by demographic characteristics and
clinical conditions. We then examine the prevalence of low eGFR and albuminuria separately. Finally, we present the prevalence of diabetes
mellitus by CKD status.
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Table 1.1 Percentage and number of U.S. adults in KDIGO CKD risk categories
Percentage

Number of Persons
(a) Percentage by estimated glomerular filtration rate and albumin to creatinine ratio
eGFR Categories

A1: Normal to mildly increased
(ACR <30 mg/g)

A2: Moderately increased
(ACR 30-299 mg/g)

A3: Severely increased
(ACR ≥300 mg/g)

Total

G1: Normal or high
(eGFR ≥90 ml/min/1.73m²)
G2: Mildly decreased
(eGFR 60-89 ml/min/1.73m²)
G3a: Mildly to moderately decreased
(eGFR 45-59 ml/min/1.73m²)
G3b: Moderately to severely decreased
(eGFR 30-44 ml/min/1.73m²)
G4: Severely decreased
(eGFR 15-29 ml/min/1.73m²)
G5: Kidney failure
(eGFR <15 ml/min/1.73m²)
Total
(b) Trends in percentage in KDIGO CKD risk categories
2003-2006

2007-2010

2011-2014

2015-2018

85.6

86.6

85.2

85.6

10.6

9.5

10.8

10.5

2.6

2.5

2.6

2.6

1.2

1.4

1.5

1.3

100.0

100.0

100.0

100.0

Data source: NHANES; Cohort: Participants aged ≥20 years with serum creatinine and urinary ACR measurements; Years: (a) 2015-2018, (b) 2003-2006, 2007-2010, 2011-2014,
2015-2018; Abbreviations: KDIGO, Kidney Disease Improving Global Outcomes; CKD, chronic kidney disease; ACR, albumin to creatinine ratio; eGFR, estimated glomerular filtration
rate; NHANES, National Health and Nutrition Examination Survey. The number of persons presented is the survey-weighted frequency.

In the last two NHANES surveys, encompassing 2015-2018, 14.4% of adults in the U.S. had low eGFR or albuminuria or both (Table 1.1).
The distribution of participants based on KDIGO risk categories defined by eGFR and urinary ACR (Kidney Disease: Improving Global
Outcomes CKD Workgroup, 2013) was as follows: 10.5% moderate risk, 2.6% high risk, and 1.3% very high risk. These percentages differ
little from those obtained in 2001-2004 (Saran et al., 2019).
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Figure 1.1 Prevalence of CKD in U.S. adults
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Figure 1.1 shows the overall prevalence of CKD, defined as eGFR <60 ml/min/1.73m2 or urinary ACR ≥30 mg/g, among U.S. adults. The
percentage of U.S. adults with CKD was stable from 2003-2006 to 2015-2018 at 14.4%. However, the prevalence of CKD declined in adults
aged ≥65 years from 43.2% in 2003-2006 to 36.8% in 2015-2018. In the most recent period, CKD prevalence was lower among Hispanics
or Latino individuals at 11.8% than among non-Hispanic White (15.0%) and non-Hispanic Black individuals (15.8%). In addition, the
prevalence of CKD decreased from 41.5% in 2003-2006 to 36.3% in 2015-2018 among adults with diabetes (DM) and from 47.1% to 38.3%
among those with cardiovascular disease.

Figure 1.2 Prevalence of CKD stages in U.S. adults
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2007-2010, 2011-2014, 2015-2018; Abbreviations: CKD, chronic kidney disease; ACR, albumin to creatinine ratio; NHANES, National Health
and Nutrition Examination Survey.
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In 2015-2018, 5.8% of adults had stage 3, 0.4% stage 4, and 0.1% stage 5 CKD (Figure 1.2). Whereas the overall prevalence of CKD did
not change over time (Figure 1.1), the prevalence of advanced CKD (stages 3-5) decreased. The decrease was most notable for CKD stage
3, which had a prevalence of 6.3% in 2003-2006 and 5.8% in 2015-2018, a relative decrease of 7.9%. CKD stage 3-5 was more prevalent
among older (aged ≥65 years) than younger individuals, but the prevalence decreased more in older individuals. The prevalence of stage 3
CKD was 28.8% in 2003-2006 and 22.6% in 2015-2018, a relative decrease of 21.5%.
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Figure 1.3 Urinary albumin to creatinine ratio in U.S. adults
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Overall, the percentage with ACR ≥30 mg/g was relatively stable between 2003-2006 (9.6%) and 2015-2018 (9.7%) (Figure 1.3). In 20152018, the percentage of non-Hispanic Black individuals with ACR ≥30 mg/g (12.4%) was higher than the percentage of non-Hispanic White
individuals with ACR ≥30 mg/g (9.4%). The percentage among Hispanic individuals was intermediate between these groups, at 10.3%.

Figure 1.4 Prevalence of urinary albumin to creatinine ratio ≥30 mg/g by estimated glomerular filtration rate in U.S. adults
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Between the first and last period, the prevalence of ACR ≥30 mg/g increased from 8.2% to 8.7% for individuals with eGFR >60
ml/min/1.73m2, was stable at 22.6% for those with eGFR 45-59 ml/min/1.73m2, increased from 35.3% to 38.0% for eGFR 30-44
ml/min/1.73m2, and, most strikingly, increased from 62.2% to 77.6% for eGFR <30 ml/min/1.73m2 (Figure 1.4). At all levels of eGFR, ACR
≥30 mg/g was more common in Black and Hispanic or Latino individuals than in Whites. For example, for eGFR 30-44 ml/min/1.73m2, the
percentage of White individuals with ACR ≥30 mg/g was 34.3% versus 45.6% for Black individuals and 51.0% for Hispanic or Latino
individuals.

Figure 1.5 Prevalence of diabetes mellitus by CKD status in U.S. adults
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Data source: NHANES; Cohort: Participants aged ≥20 years with serum creatinine and urinary ACR measurements; Years: 2003-2006,
2007-2010, 2011-2014, 2015-2018; Abbreviations: CKD, chronic kidney disease; ACR, albumin to creatinine ratio; NHANES, National Health
and Nutrition Examination Survey.
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The prevalence of DM increased from 2003-2006 to 2015-2018 among individuals with and without CKD, reaching 9.7% among those
without CKD (i.e., without albuminuria or eGFR <60 ml/min/1.73m2) and 32.8% of those with CKD (Figure 1.5). This increase in prevalence
of DM was evident across all stages of CKD.

Table 1.2 Prevalence of CKD by insurance, income, and education level in U.S. adults
Overall (%)
Characteristic

Age ≥65 Years (%)

2003-2006

2007-2010

2011-2014

2015-2018

2003-2006

2007-2010

2011-2014

2015-2018

14.4

13.4

14.8

14.4

43.2

40.9

39.0

36.8

Not insured

7.9

7.7

10.8

11.1

30.4

29.5

49.0

46.9

Insured

15.9

14.8

15.7

15.0

43.3

41.1

38.7

36.6

Private

12.8

12.3

13.0

13.0

44.3

39.8

36.5

37.2

Medicare

41.4

39.8

37.5

34.3

43.9

42.1

39.2

36.5

Medicare and private

44.4

40.1

36.9

36.6

44.9

41.5

37.5

37.8

Medicaid

21.3

19.5

20.9

16.7

50.8

44.3

46.8

47.9

Military

23.6

20.2

17.6

22.2

40.7

44.7

30.4

43.4

≤1: Not poverty

14.1

13.1

14.2

14.0

42.8

40.7

38.1

36.1

>1: Poverty

14.8

14.5

17.5

17.0

44.7

42.4

48.6

48.6

Not a High School graduate

21.3

18.6

21.2

19.4

52.1

45.3

50.4

42.1

High School graduate/GED

15.2

15.2

15.8

16.8

41.9

41.7

38.7

43.7

At least some College

11.9

10.9

12.9

12.5

38.2

37.9

34.8

32.7

Overall
Health insurance

Health insurance type

Family income/poverty ratio

Education

Data source: NHANES; Cohort: Participants aged ≥20 years with serum creatinine and urinary ACR measurements; Years: 2003-2006, 2007-2010, 2011-2014, 2015-2018; Abbreviations:
CKD, chronic kidney disease; ACR, albumin to creatinine ratio; NHANES, National Health and Nutrition Examination Survey.

Table 1.2 shows that the prevalence of CKD, defined as eGFR <60 ml/min/1.73m2 or urinary ACR ≥30 mg/g, declined from 2003-2006 to
2015-2018 among Medicare beneficiaries, consistent with the decline noted in individuals aged >65 years (Figure 1.1). However, the
prevalence of CKD also declined among those with Medicaid insurance, from 21.3% in 2003-2006 to 16.7% in 2015-2018, possibly related
to the expansion of this population in recent years (in which newly covered individuals may represent a healthier group). Those without
insurance were the only group in which CKD prevalence increased from 2003-2006 (7.9%) to 2015-2018 (11.1%).
In 2015-2018, the prevalence of CKD was more than twice as high among individuals with Medicare coverage with or without supplemental
insurance (34.3% and 36.6%, respectively) as among those with Medicaid, private insurance, or no insurance (16.7%, 13.0%, and 11.1%,
respectively), which is likely related to the older age of Medicare beneficiaries. Individuals with military coverage had intermediate
prevalence at 22.2%. The prevalence of CKD was also higher among individuals with lower income (17.0% among those below the poverty
line vs. 14.0% among those above) and lower education (19.4% among those with less than a high school education vs. 12.5% among
those with at least some college).
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Table 1.3 Health risk behaviors by CKD status in U.S. adults
Adjusted

Unadjusted
No CKD (%)

Characteristic

2003-2006

Sedentary behavior

CKD (%)

2007-2010

2011-2014

2015-2018

24.9

23.9

21.6

2003-2006

2007-2010

2011-2014

2015-2018

33.8

31.3

26.1

Smoking status
Never

50.5

54.9

57.5

57.4

49.8

53.1

49.9

54.0

Former

26.9

25.2

24.0

24.8

25.0

23.1

28.2

27.6

Current

22.7

19.9

18.6

17.8

24.9

23.5

21.7

18.2

Vaping status

5.5

7.5

Daily dietary intake
Energy, ≥2000 kcal

49.3

48.1

49.6

49.2

46.3

42.2

46.1

48.3

Sodium, ≥2.3 grams

76.1

79.1

80.6

78.0

77.3

74.2

76.0

76.5

Potassium, <4.7 grams

94.5

95.2

95.0

95.8

96.0

94.9

97.1

96.8

eGFR <60 mL/min/1.73m2 (%)
Characteristic

2003-2006

Sedentary behavior

ACR ≥30 mg/g (%)

2007-2010

2011-2014

2015-2018

35.0

41.2

32.1

2003-2006

2007-2010

2011-2014

2015-2018

35.0

33.5

27.4

Smoking status
Never

62.3

52.2

58.5

58.3

47.2

52.5

47.5

52.7

Former

24.8

32.8

26.9

27.7

25.6

22.0

28.3

27.8

Current

13.3

14.9

13.9

14.2

26.8

25.3

24.2

19.3

Vaping status

3.6

7.4

Daily dietary intake
Energy, ≥2000 kcal

47.1

39.1

37.9

34.3

45.7

41.5

45.9

49.4

Sodium, ≥2.3 grams

78.1

73.8

69.0

60.9

77.2

73.2

75.5

76.6

Potassium, <4.7 grams

98.4

98.9

99.2

99.0

96.0

94.3

96.8

96.5

Data source: NHANES; Cohort: Participants aged ≥20 years with serum creatinine and urinary ACR measurements; Years: 2003-2006, 2007-2010, 2011-2014, 2015-2018; Abbreviations:
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ACR, albumin to creatinine ratio; NHANES, National Health and Nutrition Examination Survey.

Table 1.3 shows self-reported sedentarism, smoking, vaping, and dietary energy, sodium, and potassium intake among adults with and
without CKD. Because large differences in population characteristics, and in particular the older age of the population with CKD, make it
difficult to interpret differences in these behaviors, data in this table have been adjusted for age, sex, and race. Sedentary behavior has
declined among individuals with CKD from 33.8% in 2007-2010 to 26.1% in 2015-2018, accompanied by a smaller decline among those
without CKD from 24.9% to 21.6%. Nevertheless, individuals with CKD remained more sedentary than those without CKD in 2015-2018
(26.1% vs. 21.6%).
Rates of smoking declined among those with and without CKD. In 2015-2018, 18.2% of individuals with CKD and 17.8% of individuals
without CKD were current smokers. New in 2015-2018, the NHANES survey asked about vaping. Whereas unadjusted data in the 2020
ADR suggested that those with CKD were somewhat less likely to report vaping than those without CKD (United States Renal Data
System), adjusted data show the opposite: 7.5% of patients with CKD reported vaping compared with 5.5% of those without CKD.
We examined three aspects of dietary intake: energy intake ≥2000 kcal, sodium ≥2.3 g, and potassium <4.7 g per day. Individuals with CKD
(based on either low eGFR or albuminuria) were less likely to report caloric intake ≥2,000 kcal/day during all time periods. However, the
difference was relatively small after adjustment for demographic characteristics. Regardless of CKD status, a minority of individuals meet
dietary recommendations for sodium or potassium intake (U.S. Department of Agriculture and U.S. Department of Health and Human
Services, 2020). The percentage with <2.3 g per day of sodium intake and potassium intake >4.7 g per day were similar for those with and
without CKD. Although a higher potassium intake is recommended for the general population, it may not be inappropriate for some patients
with CKD to have a lower intake.
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Summary
The overall prevalence of CKD in the U.S. adult population surveyed in 2015-2018 was 14.4% (based on a single examination
demonstrating low eGFR or albuminuria). Although this percentage is nearly identical to the prevalence of CKD in the 2003-2006 years of
the NHANES, it may mask some improvement. First, the U.S. population has aged over this time period, so that a stable rate represents
progress. This phenomenon can be appreciated by examining age-stratified results. The prevalence of CKD among individuals under age
65 changed little, from 8.6% to 8.8% (Figure 1.1), whereas there was a large decline, from 43.2% to 36.8%, among older individuals. The
reduction in CKD was driven mainly by fewer people with low eGFR rather than a reduction in the prevalence of albuminuria. Thus, it
appears that eGFR decline among older individuals has slowed over time, but the percentage of individuals over age 65 who are at higher
risk of CKD has increased simultaneously. The net result is a stable overall prevalence of CKD in the setting of clear improvement among
older individuals.
Second, the prevalence of CKD declined within key risk groups, including those with diabetes and cardiovascular disease, suggesting that
medical management of these conditions may have improved over the interval. Given the large proportion of CKD attributable to diabetes,
one would have expected that a reduction in the prevalence of CKD among individuals with diabetes would have resulted in a decline in the
overall prevalence of CKD. Unfortunately, however, the prevalence of diabetes increased over the same period (Figure 1.5). This
observation has important public health implications. Although there appears to have been some progress in prevention of CKD among
individuals with diabetes, more than one third still had CKD in 2015-2018, suggesting there is room for further improvement.
Increasing rates of obesity, hypertension, and diabetes offset all progress achieved through lower rates of CKD within these groups,
highlighting the importance of addressing these major risk factors in efforts to reduce the overall burden of CKD. The need for prevention of
risk factors for CKD can be appreciated by considering lifestyle factors. There has been some reduction in sedentary behavior over time, but
more than one quarter of those with CKD remained sedentary in 2015-2018. Adherence to a low sodium diet was worse, with more than
three quarters not meeting recommended targets. These modifiable factors may be contributing to the increase in obesity and hypertension
and, ultimately, CKD. The public health risk of sedentary behavior and poor diet are widely appreciated, but there has been less emphasis
on their role in the development of CKD than on their impact on cardiovascular disease.
For more information, see the USRDS Annual Data Report website, Volume 1 Chronic Kidney Disease, Chapter 1. CKD in the General
Population, located here: https://adr.usrds.org/2021/chronic-kidney-disease/1-ckd-in-the-general-population
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Chronic Kidney Disease: Chapter 2

Identification and Care of Patients with CKD
Highlights
Estimates of the prevalence of CKD vary considerably across sources of available data. Among Medicare fee-for-service (FFS) and
Medicare Advantage (MA) beneficiaries aged ≥66 years in 2019, 14.2% and 15.6% had diagnosed CKD, respectively. The prevalence
of albuminuria or low eGFR on a single laboratory measure among older National Health and Nutrition Examination Survey (NHANES)
participants (representative of the U.S. population) was 37.4% (Table 2.2). Among commercially insured individuals aged 18-65 years,
a diagnosis of CKD was present in only 1.1%, as compared with albuminuria or low eGFR in 9.1% of NHANES participants of similar
age.
The prevalence of diagnosed CKD in Medicare FFS beneficiaries aged ≥66 years increased from 8.0% in 2009 to 14.2% in 2019; the
prevalence of stage 3 CKD nearly tripled, and stage 4 increased by 38%. The prevalence of stage 3 CKD increased in all subgroups
based on age, sex, and race/ethnicity (Figure 2.1).
Most patients with CKD in 2014 were more likely to die than to progress to ESRD over the ensuing 5 years. Among individuals with
CKD stage 3 in 2014, 42.9% died before ever reaching ESRD, and 2.8% progressed to ESRD. Individuals with stage 5 CKD were
approximately 8 times more likely to reach ESRD (22.2%) than were individuals with stage 3 CKD, but even among beneficiaries with
stage 5 CKD, the likelihood of dying before ESRD (52.6%) was more than twice as high as the likelihood of reaching ESRD (22.2%) or
of remaining alive and free of ESRD (19.4%) (Table 2.3).
Among Medicare FFS beneficiaries with CKD, older individuals were more likely to die within one year and less likely to reach ESRD
than younger individuals. Men were more likely to reach ESRD and to die than women. Black individuals were more likely to have
progression of CKD or to reach ESRD than White individuals but were less likely to die (Figure 2.3b).
Fully 70.7% of Medicare FFS beneficiaries with CKD had some combination of atherosclerotic heart disease (ASHD), heart failure
(HF), and/or diabetes (DM), compared with only 32.2% of those without CKD. DM was approximately 2.5 times as common in those
with CKD (49.4% in Medicare FFS, 52.0% in Medicare Advantage) as in those without (19.6% in FFS, 20.1% in MA). HF was over 4
times as common in those with CKD (Figure 2.5).
Approximately 4 in 10 individuals with CKD stages 4-5 had a diagnosis of HF (Figure 2.7). HF with reduced ejection fraction (HFrEF)
was slightly more prevalent than HF with preserved EF (HFpEF) regardless of CKD status, CKD stage, or insurer; one-quarter of HF
was of unspecified type among individuals with CKD.
Less than 55% of FFS and MA beneficiaries with stage 4 CKD and <50% of individuals with stage 5 CKD had a nephrology physician
outpatient office encounter within the previous year (Figure 2.10a).
Among Medicare FFS beneficiaries, older individuals were less likely to have had a nephrology physician outpatient office encounter
within the previous year. Black individuals were slightly more likely to have seen a nephrologist than were White individuals (Figure
2.10b).

Introduction
Public health efforts to identify persons with CKD and examine outcomes among these individuals are a challenge in the U.S. because there
is no CKD registry. Estimates of the incidence and prevalence of CKD must rely on a variety of data sources, such as Medicare claims
(traditional FFS and, more recently, Medicare Advantage), large commercial health plans, and NHANES data. Each of these provides
valuable information; none, individually, can provide a definitive “total” or a complete picture of the CKD population. Unfortunately, Medicare
databases lack granular clinical data such as eGFR and albuminuria results required to establish a diagnosis of CKD according to Kidney
Disease Improving Global Outcomes (KDIGO) guidelines (Kidney Disease: Improving Global Outcomes CKD Workgroup, 2013). In addition,
Medicare captures data primarily on older individuals (aged ≥65 years), whereas commercially insured data include mostly employed
individuals and their dependents, who are typically younger. In contrast, NHANES is a representative sample of the U.S. population in which
laboratory testing was performed, making it useful for estimating the prevalence of CKD. However, NHANES estimates of CKD are based on
single measures of eGFR and albuminuria, and thus necessarily overestimate the prevalence of CKD. In addition, NHANES does not have
longitudinal data, making it unsuitable for examination of outcomes or delivery of care. In this year’s ADR, we re-introduce analyses
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using the Optum ® de-identified Clinformatics® Data Mart Database, including data from the Medicare Advantage population to provide a
counterpoint to data from “traditional” Medicare FFS and from the commercially insured population to provide insights about individuals aged
18-65 years.
In this chapter, we first present demographic information on persons with and without CKD using Medicare FFS, Medicare Advantage, and a
commercially insured population. Estimates of prevalence of CKD derived from these three insurance programs, as well as from NHANES,
are reported. Geographic variation in prevalence of CKD in the U.S. is mapped. Outcomes in those with CKD (e.g., progression of CKD,
development of ESRD, and death) are then shown for the beneficiaries of the various insurance programs, stratified by demographic
characteristics. Comorbidity burden in individuals with CKD, compared with individuals without, are then shown, with an emphasis on
manifestations of cardiovascular disease. Finally, we examine indices of care, such as testing for albuminuria and outpatient nephrology
physician encounters, by stage of CKD and by insurance type.

Methods
In this year’s ADR, we utilized data from several sources: the 5% FFS Medicare random sample from 2009-2019, the Optum® de-identified
Clinformatics® Data Mart Database from 2019, and NHANES data from 2015-2018. The 5% FFS Medicare sample contains administrative
claims data for >1 million beneficiaries annually. The Optum® de-identified Clinformatics® Data Mart Database contains administrative
claims data for a large sample of Medicare Advantage and commercial health plan enrollees from across the U.S. NHANES includes data
derived from interviews, physical examinations, and laboratory testing. NHANES, which is updated biennially, is representative of the noninstitutionalized U.S. population, with oversampling of certain subgroups to increase reliability and precision of health indicator estimates.
For analyses of Medicare FFS and Medicare Advantage beneficiaries, we focus on persons aged 66 years and older because (1) older
individuals almost universally qualify for Medicare coverage (unlike individuals who qualify for Medicare by virtue of a disability at a younger
age), and (2) the analyses typically require a look-back period to identify baseline conditions or comorbidities using International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) and International Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) diagnosis codes. Specifically, we required Medicare beneficiaries to have a look-back period of at least 1
year with continuous coverage. Since individuals become eligible for Medicare at age 65, examination of individuals at least 66 years of age
permits this look-back period. For enrollees in commercial insurance plans, we studied only individuals aged 18-65 years, providing a
contrast to the older population of Medicare FFS and Medicare Advantage beneficiaries. For an explanation of the analytical methods used
to generate the study cohorts, figures, and tables in this chapter, see the section on Chapter 2 within the CKD Analytical Methods.
Note that some figures show CKD by stages (i.e., display separate groups labelled by specific stage of CKD). Individuals with unknown or
unspecified stage of CKD (representing approximately 19% of Medicare FFS beneficiaries aged ≥66 years with CKD in 2019) are not
included in any stage-specific group. However, patients with unknown or unspecified stage of CKD are included in the CKD group in figures
that contrast “No CKD” with “CKD.”
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Table 2.1 Demographic characteristics in insured adults, 2019
Medicare fee-for-service

Medicare Advantage

Commercial

No CKD

CKD

No CKD

CKD

No CKD

CKD

(N = 1,094,477)

(N = 181,090)

(N = 3,797,724)

(N = 701,351)

(N = 6,496,606)

(N = 73,052)

18-39

-

-

-

-

45.6

13.8

40-54

-

-

-

-

33.2

33.1

55-65

-

-

-

-

21.1

53.1

66-69

26.6

13.5

24.7

13.2

-

-

70-74

29.3

21.4

30.1

22.4

-

-

75-79

19.5

21.4

21.2

22.6

-

-

80-84

12.4

18.7

12.5

18.6

-

-

85+

12.2

25.1

11.5

23.1

-

-

Female

56.7

52.3

58.8

54.7

48.8

43.2

Male

43.3

47.7

41.2

45.3

51.2

56.8

White

85.6

83.4

56.1

55.0

57.1

59.3

Black

6.4

9.6

7.7

11.2

7.9

11.1

Hispanic

1.5

1.5

8.7

11.6

12.2

11.7

Asian

2.0

2.1

3.2

2.9

5.3

4.0

Native American

0.5

0.5

-

-

-

-

Other

1.7

1.7

-

-

-

-

Unknown

2.3

1.3

24.4

19.4

17.2

13.9

Age (in years)

Sex

Race/Ethnicity

®

Data source: Medicare 5% sample (Medicare FFS) and Optum de-identified Clinformatics® Data Mart Database (Medicare Advantage and Commercial). December 31, 2019 point
prevalent enrollees aged ≥66 years (Medicare) or 18-65 years (Commercial).

In 2019, 14.2% of Medicare FFS beneficiaries and 15.6% of Medicare Advantage beneficiaries aged ≥66 years had a diagnosis of CKD,
whereas only 1.1% of commercially insured individuals aged 18-65 years did (Table 2.1). The much lower percentage of individuals with
CKD in the commercially insured population can be attributed, in part, to age. However, regardless of insurance type, individuals with CKD
were more likely than those without to be older, men (FFS, 47.7% versus 43.3%; MA, 45.3% versus 41.2%; commercial insurance, 56.8%
versus 51.2%), and of Black race (FFS, 9.6% versus 6.4%; MA, 11.2% versus 7.7%; commercial insurance, 11.1% versus 7.9%). The
racial/ethnic mix of the MA population was closer to that of the commercial insurance population than to the FFS population, although the
MA and commercial populations had a high percentage of enrollees with unknown race/ethnicity.
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Table 2.2 Prevalence of CKD by demographic characteristics in adults, 2019
Age 18-65 years

Age ≥66 years
NHANES (2015-18)

Commercial

Laboratory-based

Claims-based

9.1

1.1

18-39

5.8

0.3

40-54

9.4

1.1

55-65

15.2

2.7

Female

9.6

1.0

Male

8.6

1.2

White

8.5

1.2

Black

11.6

1.6

Hispanic

9.1

1.1

Asian

8.9

0.8

Other

11.6

-

-

0.9

Overall
Age (in years)

Sex

Race/Ethnicity

Unknown
Optum® de-identified

Clinformatics®

Data source: Medicare 5% sample (Medicare FFS) and
Data Mart Database (Medicare Advantage and Commercial). December 31, 2019 point
prevalent enrollees aged ≥66 years (Medicare) or 18-65 years (Commercial). NHANES, 2015-2018 participants aged ≥ 18 with serum creatinine and urinary ACR measurements.

Table 2.2 Prevalence of CKD by demographic characteristics in adults, 2019

Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and Commercial). December 31, 2019 point
prevalent enrollees aged ≥66 years (Medicare) or 18-65 years (Commercial). NHANES, 2015-2018 participants aged ≥ 18 with serum creatinine and urinary ACR measurements.
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Table 2.2 shows the prevalence of CKD, overall and by demographic characteristics, in 2 populations aged 18-65 years (participants in the
NHANES from 2015-2018 and individuals with commercial insurance in 2019) and 3 populations aged ≥66 years (NHANES participants,
2019 Medicare FFS beneficiaries, and 2019 Medicare Advantage beneficiaries). In NHANES, CKD status was determined by single
measurements of kidney function (eGFR and albuminuria); in the other data sources, CKD status was determined by the presence of
diagnosis codes for CKD based on administrative claims.
Among individuals aged 18-65 years, the prevalence of CKD was 9.1% in NHANES but only 1.1% in commercially insured individuals. The
commercially insured population generally comprises working individuals, who tend to be healthier than individuals who are not working. In
NHANES, a slightly higher percentage of women (9.6%) than men (8.6%) had CKD. Among individuals aged ≥66 years, the prevalence of
CKD was 37.4% in NHANES, 14.2% in Medicare FFS, and 15.6% in Medicare Advantage. The higher prevalence of CKD in NHANES was
evident across all age, sex, and race/ethnicity groups. The large difference in prevalence suggests that there is under-recognition and/or
under-coding of CKD in beneficiaries insured by the Medicare programs. In all three populations, CKD prevalence increased with age and
was higher in Black than White individuals. However, whereas the prevalence of CKD was higher in women (39.5%) than men (34.7%) in
NHANES, diagnoses of CKD were slightly more common in men than women in Medicare FFS (15.4% versus 13.2%) and Medicare
Advantage (16.9% versus 14.7%). This suggests the possibility of differential under-coding of CKD among women in Medicare claims.
Despite automatic reporting of eGFR in many electronic health records, it is possible that under-recognition of CKD among women is related
to lower serum creatinine concentration relative to eGFR.

Figure 2.1 Prevalence of CKD overall and by stage in older adult Medicare FFS beneficiaries, 2009-2019
Overall

Age

Sex

Race/Ethnicity

Overall

10

- CKD stage 1

- CKD stage 2

- CKD stage 5

- Unspecified CKD

- CKD stage 3

2019

2018

2017

2016

2015

2014

2013

2012

2011

0

2010

5

2009

Percentage

15

- CKD stage 4

Data source: Medicare 5% sample. December 31 point prevalent Medicare FFS beneficiaries aged ≥66 years.

The prevalence of diagnosed CKD in Medicare FFS beneficiaries aged ≥66 years increased from 8.0% in 2009 to 14.2% in 2019. The
consistent year-over-year increase was greatest between 2015 and 2016, which is likely attributable to the shift from the ICD-9-CM to ICD10-CM classification system. As claims are an indication of diagnosed CKD, greater emphasis on the detection and recognition of CKD is
likely a major reason for the observed increase. The biggest relative increase over this period was in stage 3 CKD, which nearly tripled in
prevalence, whereas the prevalence of stage 4 CKD increased by only 38%, and the prevalence of CKD of unspecified stage decreased
slightly. The prevalence of stage 3 CKD increased in all subgroups, and relative differences (e.g., higher prevalence among older and Black
individuals and among men) persisted.
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Figure 2.2 Prevalence of CKD by state in insured adults, 2019
Medicare FFS

Medicare Advantage

Commercial

Medicare FFS

5

10

15

20

© Natural Earth

Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and Commercial). December 31,
2019 point prevalent enrollees aged ≥66 years (Medicare) or 18-65 years (Commercial).

Medicare Advantage

© Natural Earth

Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and Commercial). December 31,
2019 point prevalent enrollees aged ≥66 years (Medicare) or 18-65 years (Commercial).

Commercial

© Natural Earth

Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and Commercial). December 31,
2019 point prevalent enrollees aged ≥66 years (Medicare) or 18-65 years (Commercial).
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The geographic distribution of diagnosed CKD prevalence in Medicare FFS, Medicare Advantage, and commercial insurance is shown in
Figure 2.2. HI had the highest CKD prevalence in each of the three insurers (19.0% in Medicare FFS, 20.1% in Medicare Advantage, and
1.7% in commercial insurance). Southeastern states tended to have high percentages with CKD. In addition to HI, the states that had the
highest percentage of individuals with CKD in Medicare FFS were FL, AL, TN, and GA; in Medicare Advantage were TX, FL, MI, and GA;
and in commercial insurance were LA, AL, and TN. The states with the lowest percentage of individuals with CKD tended to be in the rural
northeast (e.g., VT and ME) and the rural far west (e.g., MT and WY).

Table 2.3 Change in CKD status from 2014 to 2019 in older adult Medicare FFS beneficiaries
Overall

Age

Race/Ethnicity
2019 Status (row %)

2014 Status

Stage 3

Stage 4

Stage 5

ESRD alive

ESRD death

Death without ESRD

Lost to follow-up

Total N

Stage 3

33.0

11.5

0.7

1.4

1.4

42.9

9.2

65,406

Stage 4

--

19.6

4.3

7.9

8.5

54.6

5.1

11,226

Stage 5

--

--

19.4

9.2

13.0

52.6

5.9

2,142

Total %

27.4

12.4

1.7

2.6

2.7

44.8

8.5

.

Total N

21,558

9,752

1,348

2,019

2,112

35,290

6,695

78,774

Data source: Medicare 5% sample. January 1, 2015 point prevalent Medicare FFS beneficiaries aged ≥66 years.

Change in CKD status over 5 years among Medicare FFS beneficiaries who had prevalent CKD stages 3, 4, or 5 in 2014 is shown overall
and by age and race/ethnicity in Table 2.3. Outcomes include advancement of CKD stage, ESRD, death, and loss to follow-up (which likely
represents joining Medicare Advantage).
Risk of ESRD (regardless of death) and of death (regardless of ESRD) within 5 years was higher for those with higher stages of CKD.
Among individuals with CKD stage 3 in 2014, 33.0% remained in stage 3, 42.9% died before ever reaching ESRD, and 2.8% progressed to
ESRD over the ensuing 5 years. Individuals with stage 4 CKD in 2014 were about 6 times more likely to progress to ESRD (16.4%) and
those with stage 5 CKD about 8 times more likely (22.2%) than those with stage 3 CKD. Those with stage 4 and 5 CKD were also more
likely to die before reaching ESRD (54.6% and 52.6%), compared with those with stage 3 CKD. It is notable that even among beneficiaries
with stage 5 CKD, the likelihood of dying before ESRD (52.6%) was more than twice as high as the likelihood of reaching ESRD (22.2%) or
of remaining alive and free of ESRD (19.4%) within 5 years.
Stratification by age category shows that younger beneficiaries were more likely to progress to ESRD than those who were older, whereas
dying prior to reaching ESRD was more common among those who were older, regardless of CKD stage. Progression to ESRD within 5
years was relatively rare (5.4%) even in the youngest age group (66 to 69 years) among those who had stage 3 CKD at the beginning of
follow-up. The percentage of individuals reaching ESRD increased sharply as CKD stage increased: among individuals aged 66-69 years,
the percentage with stage 4 CKD who reached ESRD was 34.1%, and the percentage with stage 5 CKD, 38.9%. However, given the rarity
of ESRD, the risk of death without ESRD was higher than risk of ESRD for all age groups with stage 3 CKD. Only the youngest beneficiaries
(66 to 69 years) with stage 4 or 5 CKD were more likely to progress to ESRD than to die before reaching ESRD within 5 years (34.1% vs.
27.0%, respectively, for stage 4 CKD; 38.9% vs. 26.5% for stage 5 CKD).
In terms of race/ethnicity, at any stage of CKD in 2014, Black individuals had a higher likelihood of reaching ESRD (stage 3 CKD, Black
individuals 5.6% versus White individuals 2.3%; stage 5 CKD, Black individuals 26.1% versus White individuals 20.2%). White individuals
were more likely to remain in their initial CKD stage than were Black individuals (73.8% vs. 60.7%, respectively) but were also more likely to
die without having reached ESRD (44.0% versus 37.6% with stage 3 CKD; 54.5% versus 49.6% with stage 5 CKD).
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Figure 2.3a One-year change in CKD status in insured adults, 2019
Medicare

Commercial

Medicare, Age ≥66 Years
100

Percentage

75
50
25
0

FFS
MA
CKD stage 3

FFS
MA
CKD stage 4

- No progression alive

- CKD progression alive

- Death

- Loss to follow-up

FFS
MA
CKD stage 5
- ESRD alive

Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and
Commercial). January 1, 2019 point prevalent enrollees aged ≥66 years (Medicare) or 18-65 years (Commercial).

Figure 2.3a One-year change in CKD status in insured adults, 2019

- No progression alive

- CKD progression alive

- Death

- Loss to follow-up

- ESRD alive

Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and
Commercial). January 1, 2019 point prevalent enrollees aged ≥66 years (Medicare) or 18-65 years (Commercial).

One-year change in status among Medicare FFS and Medicare Advantage beneficiaries (aged ≥ 66 years) and enrollees with commercial
insurance (aged 18-65 years) are shown, by stage of CKD, in Figure 2.3a. There are 5 outcomes: alive and without progression of CKD;
alive with progression of CKD (but not ESRD); alive with progression to ESRD; death; and loss to follow-up. Among Medicare FFS and
Medicare Advantage beneficiaries, as stage of CKD increased, the percentage whose kidney disease progressed increased; incidence of
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death also increased. (Note that among beneficiaries with stage 5 CKD, progression was tantamount to reaching ESRD.) For example,
among FFS beneficiaries with stage 4 CKD 10.3% progressed to stage 5 CKD within 1 year, 3.7% progressed to ESRD, and 18.1% died;
among those with stage 5 CKD, 13.6% progressed to ESRD, and 23.6% died. Death was always more common than progression of CKD or
progression to ESRD. Among the much younger commercially insured individuals, however, reaching ESRD was much more common than
death in those with stages 4 and 5 CKD; both death and ESRD were rare in those with stage 3 CKD.

Figure 2.3b One-year change in CKD status in older adult Medicare FFS beneficiaries by demographic characteristics, 2019
Age

Sex

Race/Ethnicity

Overall
100

75
Percentage

Overall

50

25

0

CKD stage 3

CKD stage 4

- No progression alive

- CKD progression alive

- Death

- Loss to follow-up

CKD stage 5
- ESRD alive

Data source: Medicare 5% sample. January 1, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years.
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Figure 2.3b One-year change in CKD status in older adult Medicare FFS beneficiaries by demographic characteristics, 2019

- No progression alive

- CKD progression alive

- Death

- Loss to follow-up

- ESRD alive

Data source: Medicare 5% sample. January 1, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years.

Figure 2.3b One-year change in CKD status in older adult Medicare FFS beneficiaries by demographic characteristics, 2019

- No progression alive

- CKD progression alive

- Death

- Loss to follow-up

- ESRD alive

Data source: Medicare 5% sample. January 1, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years.

One-year change in status among older adult Medicare FFS beneficiaries (aged ≥66 years) is shown by demographic characteristics in
Figure 2.3b. For all stages of CKD, older individuals were more likely to die and less likely to reach ESRD. Men were more likely to reach
ESRD than were women; men and women with stage 3-4 CKD were equally likely to have CKD progression. Black individuals were more
likely to have progression of CKD or to reach ESRD than White individuals but were less likely to die.
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Figure 2.4a Prevalence of comorbid conditions in insured older adults, 2019
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Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage). December
31, 2019 point prevalent enrollees aged ≥66 years. Adjustments were for age, sex, and race/ethnicity. Abbreviations: DM, diabetes; HTN,
hypertension; CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease.
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Figure 2.4a Prevalence of comorbid conditions in insured older adults, 2019
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Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage). December
31, 2019 point prevalent enrollees aged ≥66 years. Adjustments were for age, sex, and race/ethnicity. Abbreviations: DM, diabetes; HTN,
hypertension; CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease.

Figure 2.4a shows the prevalence of comorbid conditions by CKD status for Medicare FFS and Medicare Advantage beneficiaries.
Individuals with CKD had a higher prevalence of each of the assessed comorbidities, including cancer, than those without CKD. Comorbid
conditions were more common in individuals with stages 4-5 CKD than in those with stage 3 CKD. Differences in comorbidity between
beneficiaries with FFS and MA were generally minor, irrespective of CKD status or stage.
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Figure 2.4b Prevalence of comorbid conditions in older adult Medicare FFS beneficiaries by demographic characteristics, 2019
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Figure 2.4b Prevalence of comorbid conditions in older adult Medicare FFS beneficiaries by demographic characteristics, 2019

Data source: Medicare 5% sample. December 31, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Adjustments were for age, sex,
and race/ethnicity. Abbreviations: DM, diabetes; HTN, hypertension; CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease.

Figure 2.4b shows the prevalence of comorbid conditions by CKD status and by demographic characteristics in Medicare FFS beneficiaries.
Among the assessed comorbidities, HTN, CVD, and DM were most common among individuals with and without CKD. CVD demonstrated
the clearest pattern of increasing prevalence by age among individuals with and without CKD. Patterns of prevalence of comorbidities by
age were similar among those with and without CKD, with the notable exceptions of DM and HTN. Whereas the prevalence of DM varied
little by age among those without CKD, it declined with age among those with CKD. The prevalence of HTN increased with age in those
without CKD but varied little by age among those with CKD. DM, HTN, and cancer were more common in Black than in White individuals
with CKD; CVD, COPD, and liver disease were more common in White than in Black individuals.
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Figure 2.5 Prevalence of ASHD, HF, and DM in insured older adults, 2019
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Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage). December 31, 2019 point prevalent
enrollees aged ≥66 years. Abbreviations: ASHD, atherosclerotic heart disease; DM, diabetes; HF, heart failure.
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Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage). December 31,
2019 point prevalent enrollees aged ≥66 years. Abbreviations: ASHD, atherosclerotic heart disease; DM, diabetes; HF, heart failure.

Figure 2.5 shows the prevalence of 3 key comorbid conditions (ASHD, HF, and DM) by CKD status among Medicare FFS and Medicare
Advantage beneficiaries. Fully 70.7% of FFS beneficiaries with CKD had 1 or more of the 3 comorbid conditions compared with only 32.2%
of those without CKD; comorbidity prevalence was similar in FFS and MA beneficiaries. DM was the most common comorbid condition in
both insurance groups and was approximately 2.5 times as common in those with CKD (49.4% in FFS, 52.0% in MA) as in those without
(19.6% in FFS, 20.1% in MA). ASHD, showed a generally similar pattern. HF was over 4 times as common in those with CKD, regardless of
insurance status. The presence of all 3 comorbid conditions was about 8 times as common in those with CKD as in those without CKD,
irrespective of insurance status.
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Figure 2.6a Prevalence of common cardiovascular diseases in insured older adults, 2019
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Data source: Medicare 5% sample (Medicare FFS) and Optum ® de-identified Clinformatics® Data Mart Database (Medicare Advantage).
December 31, 2019 point prevalent enrollees aged ≥66 years. Adjustments were for age, sex, and race/ethnicity. Abbreviations: AF, atrial
fibrillation; AMI, acute myocardial infarction; CAD, coronary artery disease; CVA/TIA, cerebrovascular accident/transient ischemic attack; HF,
heart failure; PAD, peripheral artery disease.

The prevalence of common cardiovascular diseases is shown by CKD and insurance status for older adults in 2019 in Figure 2.6a. Overall,
CAD was the most common condition, irrespective of CKD status or stage. Cardiovascular diseases were more common among individuals
with CKD than among those without, more common in individuals with more advanced CKD (stages 4-5), and slightly more common in
Medicare FFS beneficiaries than in Medicare Advantage beneficiaries.
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Figure 2.6b Prevalence of common cardiovascular diseases in older adult Medicare FFS beneficiaries by demographic characteristics,
2019
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2019

Data source: Medicare 5% sample. December 31, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Adjustments were for age, sex, and race/
ethnicity. Abbreviations: AF, atrial fibrillation; AMI, acute myocardial infarction; CAD, coronary artery disease; CVA/TIA, cerebrovascular accident/transient
ischemic attack; HF, heart failure; PAD, peripheral artery disease.

Figure 2.6b shows the prevalence of common cardiovascular diseases by CKD status and by demographic characteristics in Medicare FFS
beneficiaries. Nearly two-thirds of FFS beneficiaries with CKD had some manifestation of cardiovascular disease, as compared with only
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38.0% of beneficiaries without CKD. Every condition examined was at least twice as common among individuals with CKD. As expected, the
percentage of individuals with cardiovascular disease increased with age. Every condition was more common in men than in women, most
prominently CAD (44.6% versus 28.3%, respectively, among individuals with CKD). HF, PAD, and CVA/TIA were slightly more common in
Black than in White individuals with CKD, whereas CAD, AMI, and AF were more common in White than in Black individuals. Notably,
Hispanic individuals with CKD had the highest prevalence of PAD, at 31.7%, versus 28.8% in Black and 26.7% in White individuals.

Figure 2.7 Prevalence of heart failure by type in insured older adults, 2019
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Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage).
December 31, 2019 point prevalent enrollees aged ≥66 years. Abbreviations: HFrEF, heart failure with reduced ejection fraction; HFpEF,
heart failure with preserved ejection fraction.

The prevalence of HF, overall and by type (with reduced ejection fraction [HFrEF] or preserved EF [HFpEF]), is shown in those with and
without CKD among Medicare FFS and Medicare Advantage beneficiaries in 2019 (Figure 2.7). HF was approximately 4-fold more common
in those with CKD (27.7% in FFS, 24.1% in MA) than in those without (6.5% and 5.5%, respectively). HF was about 1.5-fold more common
in those with stage 4-5 CKD than in those with stage 3 CKD. Indeed, approximately 4 in 10 individuals with CKD stages 4-5 had a diagnosis
of HF. HFrEF was slightly more prevalent than HFpEF regardless of CKD status, CKD stage, and insurer. A little less than one-quarter of HF
was unspecified among those with CKD, compared with about one-third among those without CKD.
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Figure 2.8 Prevalence of HF, AMI, and CVA/TIA in insured older adults, 2019
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Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage). December 31,
2019 point prevalent enrollees aged ≥66 years. Abbreviations: AMI, acute myocardial infarction; CVA/TIA, cerebrovascular accident/transient ischemic
attack; HF, heart failure.
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Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage). December 31,
2019 point prevalent enrollees aged ≥66 years. Abbreviations: AMI, acute myocardial infarction; CVA/TIA, cerebrovascular accident/transient ischemic
attack; HF, heart failure.

Figure 2.8 shows the prevalence of 3 key manifestations of cardiovascular disease (AMI, HF, and CVA/TIA), by CKD status, among
Medicare FFS and Medicare Advantage beneficiaries in 2019. Although only 13.7% of FFS beneficiaries without CKD had 1 or more
cardiovascular condition, this prevalence was 40.3% among individuals with CKD. Corresponding values for MA were 11.2% and 34.6%. Of
the 3 cardiovascular conditions, HF was the most common among individuals with CKD, irrespective of insurance type, whereas HF and
CVA/TIA had similar prevalence among those without CKD. HF was 4 times as common among individuals with CKD compared with those
without (27.7% versus 6.5% in FFS, 24.1% versus 5.5% in MA), and AMI was also nearly 4 times as common (9.7% versus 2.5% in FFS,
8.1% versus 2.2% in MA). Only 0.3% of FFS beneficiaries without CKD had all 3 cardiovascular conditions, but this combination was 7 times
as common among individuals with CKD (2.1%); findings were similar in the MA beneficiaries.
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Figure 2.9 Percentage receiving urine protein testing in insured adults, 2019
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Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and
Commercial). December 31, 2019 point prevalent enrollees aged ≥66 years (Medicare) or 18-65 years (Commercial). Abbreviations: DM,
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The percentage of individuals who received urine protein or albumin testing in 2019 by CKD, DM, and HTN status is shown in Figure 2.9.
Overall, urine protein or albumin testing was substantially more common among individuals with CKD than among those without, as
expected. Individuals with DM were more likely to receive testing than were individuals with HTN (but no DM), irrespective of CKD status.
Commercially insured individuals appeared slightly more likely to receive testing than individuals with Medicare FFS or Medicare Advantage
across most disease categories.

Figure 2.10a Percentage receiving nephrology physician care in insured adults with CKD, 2019
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Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and
Commercial). December 31, 2019 point prevalent enrollees aged ≥66 years (Medicare) or 18-65 years (Commercial).
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Figure 2.10a Percentage receiving nephrology physician care in insured adults with CKD, 2019
Medicare
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Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and Commercial). December 31, 2019
point prevalent enrollees aged ≥66 years (Medicare) or 18-65 years (Commercial).

Remarkably, among Medicare FFS and Medicare Advantage beneficiaries, <55% of individuals with stage 4 CKD and <50% of those with
stage 5 CKD had a nephrology physician outpatient office encounter in 2019 (Figure 2.10a). Corresponding percentages were somewhat
higher among commercially insured individuals; nevertheless, nearly 30% of individuals with stage 4 CKD had not seen a nephrologist in the
outpatient setting in 2019.

Figure 2.10b Percentage receiving nephrology physician care in older adult Medicare FFS beneficiaries with CKD by patient
characteristics, 2019
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Data source: Medicare 5% sample. December 31, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Abbreviations: ASHD, atherosclerotic heart disease; DM,
diabetes; HTN, hypertension.
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Figure 2.10b Percentage receiving nephrology physician care in older adult Medicare FFS beneficiaries with CKD by patient characteristics,
2019

Data source: Medicare 5% sample. December 31, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Abbreviations: ASHD,
atherosclerotic heart disease; DM, diabetes; HTN, hypertension.

Figure 2.10b Percentage receiving nephrology physician care in older adult Medicare FFS beneficiaries with CKD by patient characteristics,
2019

Data source: Medicare 5% sample. December 31, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Abbreviations: ASHD,
atherosclerotic heart disease; DM, diabetes; HTN, hypertension.
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Figure 2.10b Percentage receiving nephrology physician care in older adult Medicare FFS beneficiaries with CKD by patient characteristics,
2019

Data source: Medicare 5% sample. December 31, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Abbreviations: ASHD,
atherosclerotic heart disease; DM, diabetes; HTN, hypertension.

Among Medicare FFS beneficiaries, older individuals were less likely to have had a nephrology physician outpatient office encounter in 2019
than were younger individuals. Women with stages 3 and 4 CKD were less likely to see a nephrologist than men, but the reverse was true in
individuals with stage 5 CKD. Black individuals were slightly more likely to have seen a nephrologist than were White individuals.
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Summary
The method of ascertainment of CKD and the population under study greatly affect estimates of CKD prevalence in the U.S. Administrative
claims-based data in older (aged ≥66 years) Medicare FFS and Medicare Advantage beneficiaries generate an estimate of diagnosed CKD
prevalence of approximately 14-15%, whereas the estimate of CKD prevalence obtained using laboratory data from NHANES is about 2.5®

fold higher, at 37.4%. Commercial insurance data from the Optum de-identified Clinformatics® Data Mart Database, reintroduced in the
2021 ADR, permits comparison of CKD prevalence in younger (aged 18-65 years) individuals with similarly aged individuals in NHANES.
The prevalence of diagnosed CKD in this younger commercially insured pool of individuals is only about 1.1%, compared with a CKD
prevalence of 9.1% using laboratory data in NHANES.
Each data source has limitations affecting estimation of CKD prevalence. NHANES uses a single laboratory measure, and so does not
satisfy the KDIGO requirement of >1 measure separated by at least 90 days. However, administrative data are affected by temporal
changes in diagnostic codes, infrastructure to facilitate recognition of CKD, clinician awareness of CKD codes, and incentives to code for
these diagnoses. The increases in prevalence of CKD around the time of the shift from ICD-9-CM to ICD-10-CM (which occurred in late
2015; Figure 2.1) illustrate this issue. Furthermore, the CKD cohort defined using Medicare claims may represent a select subgroup with
higher risks of mortality and ESRD than the overall CKD population (Muntner et al, 2015). Therefore, NHANES, as a series of populationbased cohorts with universal testing of kidney function, is better for tracking changes in the prevalence of CKD in the U.S. over time.
However, because NHANES is cross-sectional, administrative data are essential for understanding outcomes among individuals with CKD.
Examination of 5-year outcomes among those over age 65 with CKD (Table 2.3) reinforces the known but under-appreciated fact that death
without reaching ESRD is often a far more likely outcome than ESRD. This is true even for those with stage 5 CKD, although age is an
important determinant of the relative likelihood of these outcomes. Only the youngest subgroup – those aged 66-69 – with CKD stage 4 or 5
were more likely to progress to ESRD (with or without subsequent death) than to die without having reached ESRD. The higher likelihood of
dying without ever reaching ESRD, as opposed to progressing to ESRD (Table 2.3), serves to underscore the importance of CKD as a state
of high risk of cardiovascular disease and mortality, particularly for older individuals. The high prevalence cardiovascular disease among
individuals with CKD compared with those without (Figures 2.4a-2.8) further highlights the importance of addressing cardiovascular disease
in the CKD population.
As is well known, the prevalence of CKD differs by race. In the 3 administrative data sources, CKD was approximately 33-43% more
common in Black than in White individuals (Table 2.2). That is, although the absolute percentage of individuals with CKD was much lower in
the commercially insured population (in part due to their younger age), CKD was roughly 33% more common in Black than in White
individuals. Similarly, when CKD was defined using laboratory measures in NHANES, it was about 36% more common in Black than in
White individuals aged 18-65 years. However, among NHANES participants aged ≥66 years, CKD was “only” about 17% more common in
Black than in White individuals. That CKD appears to be much more common in Black than in White individuals in administrative datasets is
likely a reflection of the higher rates of DM (Office of Minority Health, 2019) and hypertension (Office of Minority Health, 2020) among Black
individuals in the U.S., leading to a higher likelihood of assessment for proteinuria or eGFR. As shown in Figure 2.4b, Black individuals have
higher rates of DM and hypertension, the most common causes of ESRD, and so may be more likely to have recognized CKD relative to
White individuals.
The racial disparity in incident ESRD (see Figure 1.4 of the ESRD Volume) is substantially larger than the disparity in prevalence of CKD.
More rapid progression of CKD among Black individuals is a possible explanation for this observation. Indeed, Black individuals were more
likely to progress to a more advanced stage of CKD over 1 year than White individuals (Figure 2.3b). Although Black individuals had a
higher incidence of CKD progression and advancement to ESRD for all stages of CKD, this was particularly evident for those with stages 4
and 5 CKD. In addition, Black individuals with CKD were less likely to die over 1 year of follow-up than White individuals regardless of CKD
stage. Thus, more rapid progression of CKD and better survival among Black individuals with CKD both may contribute to the higher
likelihood of ESRD onset in Black individuals. A new supplemental chapter on disparities in this year’s ADR explores these issues in greater
detail, including the potential roles of differences in socioeconomic status and processes of care.
Analysis of CKD-related care suggests that testing for albuminuria is not concordant with guidelines. Although the presence of DM
appeared to be a driver of testing for urine protein or albumin – much more so than hypertension – testing among Medicare FFS and
Medicare Advantage beneficiaries with CKD overall was suboptimal (roughly only 40%; Figure 2.10a). The percentages tested among the
commercially insured individuals was generally similar. Further, among Medicare beneficiaries, less than 55% and 45% of those with CKD
stages 4 and 5, respectively, had a nephrology outpatient encounter. Nephrology encounters were somewhat higher, at 72% for CKD stage
4 and 55% for CKD stage 5, in commercially insured individuals. Nevertheless, regardless of insurance type, some patients with CKD are
not seeing nephrologists at least once per year and may not be seeing them at all, even among those with advanced disease.
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® de-identified Clinformatics® Data Mart Database is an important addition
The introduction of data for Medicare Advantage from the Optum
to this year’s ADR. Nearly 40% of Medicare beneficiaries – about 24.1 million out of 62 million – are enrolled in Medicare Advantage (Kaiser
Family Foundation, https://www.kff.org/medicare/issue-brief/a-dozen-facts-about-medicare-advantage-in-2020/). Our analyses show that
Medicare Advantage beneficiaries generally appear to have a slightly lower comorbidity burden (a proxy for overall health) on average than
traditional Medicare FFS beneficiaries. It will be important to continue to compare and contrast Medicare FFS and Medicare Advantage
beneficiaries and their outcomes in future years, given that Medicare Advantage enrollment nearly tripled, from 8.4 million in 2007 to 24.1
million in 2020.

For more information, see the USRDS Annual Data Report website, Volume 1 Chronic Kidney Disease, Chapter 2. Identification and Care
of Patients with CKD, located here: https://adr.usrds.org/2021/chronic-kidney-disease/2-identification-and-care-of-patients-with-ckd
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Chronic Kidney Disease: Chapter 3

Morbidity and Mortality in Patients with CKD
Highlights
Adjusted all-cause mortality decreased from 75.7 per 1000 patient-years (py) in 2000 to 60.2 per 1000 py in 2019 among older (aged
≥66 years) Medicare fee-for-service (FFS) beneficiaries with CKD, a decrease of approximately 20% (Figure 3.1). The decrease
among beneficiaries with CKD was approximately twice as large as the decrease among beneficiaries without CKD.
Adjusted mortality was nearly twice as high in older Medicare beneficiaries with stages 4-5 CKD (165.6 per 1000 py) than in those with
stage 3 CKD (87.9 per 1000 py) in 2019 (Figure 3.2). The rate was approximately 20% higher in men (102.0 per 1000 py) than in
women (85.2 per 1000 py).
The all-cause hospitalization rate was more than twice as high among older Medicare FFS and Medicare Advantage beneficiaries with
CKD than among beneficiaries without CKD (Table 3.1a).
Among older Medicare FFS beneficiaries with CKD, men had a higher adjusted all-cause rate of hospitalization than women (Table
3.1b). Black individuals without CKD had an adjusted all-cause hospitalization rate that was approximately 8% higher than White
individuals without CKD, but this Black-White difference was nearly twice as large, at 15.0%, among beneficiaries with CKD.
Hospitalization rates declined by 28.4% between 2009 and 2019 among Medicare FFS beneficiaries aged 66 years or older with CKD,
compared with 22.4% among beneficiaries without CKD, after adjustment for demographic characteristics and comorbidity (Figure
3.3). Although the adjusted rate of observation stays increased among beneficiaries with CKD by 51.0%, the increase in observation
stays was far smaller than the decrease in hospitalizations in absolute terms.
In 2019, the combined rate of hospitalizations and observation stays was about twice as high in older Medicare FFS and Medicare
Advantage beneficiaries with CKD than among beneficiaries without (Figure 3.4a).
Among older Medicare FFS beneficiaries, the adjusted combined rate of all-cause hospitalizations and observations stays was
consistently higher among Black, as compared with White, individuals, irrespective of CKD status or stage (Figure 3.4b).
Compared with older Medicare FFS beneficiaries with stage 3 CKD who had neither diabetes (DM) nor cardiovascular disease (CVD),
the adjusted combined rate of hospitalization and observation stays was approximately 27% higher among beneficiaries with DM (but
not CVD) but was approximately 1.6 times higher than among beneficiaries with CVD (but not DM) (Figure 3.5). The rate was 2.5
times higher among individuals with both DM and CVD than among beneficiaries with neither.
Between 2009 and 2019, the adjusted rate of hospitalizations for cardiovascular causes among older Medicare FFS beneficiaries
decreased by approximately 33% among individuals with CKD and by approximately 29% among individuals without CKD (Figure 3.6).
However, most of the decline occurred between 2009 and 2014.
The 2-year adjusted survival probability following a first hospitalization for coronary artery disease (CAD) in 2017-2019 among older
Medicare FFS beneficiaries was 0.77 for an individual without CKD, 0.63 for an individual with stage 3 CKD, and only 0.50 for an
individual with stages 4-5 CKD (Figure 3.7).
Between 2009 and 2019, the adjusted rate of hospitalization for infection declined by 10.7% among older Medicare FFS beneficiaries
with CKD but did not decline among beneficiaries without CKD (Figure 3.8).
In 2019, older Medicare FFS beneficiaries with CKD were nearly 6 times as likely to be hospitalized for a DM-related complication as
those without CKD (after adjustment); more than two-and-a-half times as likely to be hospitalized for a gastrointestinal (GI) bleed; and
more than twice as likely to be hospitalized for a non-infectious lung condition (Figure 3.9).
Among older Medicare FFS beneficiaries, readmissions decreased by approximately 14% in beneficiaries without CKD and by 12.7%
in beneficiaries with CKD (Figure 3.10). Declines occurred almost exclusively between 2009 and 2014. Deaths without readmission,
however, actually increased by approximately 18% among beneficiaries without CKD and approximately 12% among beneficiaries with
CKD.
Among older adults with CKD, 21.5% of discharges in Medicare FFS beneficiaries and 21.8% of discharges in Medicare Advantage
beneficiaries were readmitted within 30 days; 6.4% and 7.2% of discharges were followed by a death without a readmission,
respectively, in 2019 (Figure 3.12a).
Among beneficiaries with CKD, as patient age at hospital discharge increased, the percentage of hospital discharges that was followed
by readmission decreased, but the percentage that was followed by death (without rehospitalization) within 30 days increased (Figure
3.12b).
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In older Medicare FFS beneficiaries, the adjusted rate of emergency department (ED) encounters was higher in women than in
men, irrespective of CKD status or stage, and was 31% higher in Black, as compared with White, individuals (Figure 3.13b).
In commercially insured younger individuals (those aged 18-64 years), the adjusted rate of ED encounters was 2.8 times as high
among individuals with stage 3 CKD, and 3.3 times as high among individuals with stages 4-5 CKD, as in individuals without CKD
(Figure 3.13c).

Introduction
In this chapter, we examine mortality, hospitalization and events following hospitalization (rehospitalization and death), and emergency
department encounters among individuals with and without CKD in 2019 (the last year for which complete data are available) and in the
decade between 2009 and 2019.
We first examine mortality in unadjusted and adjusted fashion, overall and among subgroups based on patient characteristics including CKD
status and stage, age, sex, and race/ethnicity. We then focus on hospitalization, examining all-cause hospitalizations and observation stays,
overall and by presence of DM and/or CVD. In this section, we also show data on survival following a cardiovascular procedure or event,
findings that had previously been featured in a separate chapter focusing on cardiovascular disease.
In this year’s ADR, we also assess cause-specific hospitalizations beyond those related to cardiovascular or infectious causes.
Hospitalizations related to conditions such DM, cancer, GI bleeding, non-infectious lung disease, and fractures make up a substantial
proportion of hospitalizations and are therefore specifically examined.
We then examine readmission to the hospital within 30 days of discharge. There has been considerable focus on this metric in light of the
Patient Protection and Affordable Care Act and the Hospital Readmissions Reduction Program (HRRP), which penalizes hospitals with
excessive rates of readmission within 30 days of discharge (Centers for Medicare & Medicaid Services, 2020). Given that death within 30
days of hospital discharge is a competing risk for hospital readmission and that lower rates of readmission cannot be considered to be a
success if they occur because of higher rates of post-discharge death, we also examine death within 30 days of hospital discharge. Note
that for these figures, the unit examined is live hospital discharges rather than admissions (some of which result in death) or patients (as a
patient can be discharged more than once). Thus, we present data in terms of hospital discharges among individuals with various types of
insurance coverage.
Because the policy changes mentioned previously could change rates of observation stays, and these changes could in turn affect hospital
readmission rates, we examine observation stays occurring within 30 days of hospital discharge. Examination of the combined percentage
of hospital discharges followed by readmission or hospital observation stay within 30 days of discharge can provide a more complete
understanding of acute care encounters within the 30 days following hospital discharge.
Finally, we close the chapter with an examination of use of the emergency department across the 3 major insurance types (Medicare FFS,
Medicare Advantage, and Commercial insurance.)

Methods
In this chapter, we use data from the Medicare 5% patient random sample (for Medicare FFS beneficiaries) and from the Optum® deidentified Clinformatics® Data Mart, which contains data on Medicare Advantage beneficiaries and on enrollees of many commercial
insurance plans.
Many results are based on annual cohorts of individuals who were aged ≥66 years on January 1 of the reported year. Cohort members
were alive and without ESRD for the prior year and were continuously and exclusively enrolled for all of the prior year in their respective
plans: Medicare Parts A and B for Medicare FFS enrollees, or, for Medicare Advantage beneficiaries, enrollees contained in the Optum®
de-identified Clinformatics® Data Mart. However, in many cases, we also show results for younger individuals (those aged 18-64 years),
who were covered by commercial insurance in the Optum® de-identified Clinformatics® Data Mart database, in separate figures.
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We ascertained individuals’ CKD status (none versus any, the latter encompassing stages 1 through 5 plus unknown stage), stage of CKD
(stage 3 versus stages 4-5), and presence of other comorbid conditions (e.g., CVD, DM, HF) based on ICD-9-CM (International
Classification of Diseases, Ninth Revision, Clinical Modification) and ICD-10-CM claims. Individuals were followed from January 1 to
December 31 of each year, with censoring at the date of death, development of ESRD, or the end of Medicare Parts A and B enrollment
(including a switch to a Medicare Advantage program for Medicare FFS beneficiaries), or, analogously, the end of Medicare Advantage or
commercial plan coverage for those in the Optum® de-identified Clinformatics® Data Mart database.
In this year’s ADR, we assessed all cause as well as cause-specific hospitalizations for cardiovascular or infectious cases. Hospitalizations
related to conditions such DM, cancer, non-infectious lung disease, GI bleeding, and fractures make up a substantial proportion of
hospitalizations and are therefore examined as well. Only acute hospitalizations (e.g., those that did not involve rehabilitation stays) were
included in analyses. New in this year’s ADR, for some figures, we present results with adjustment for the presence of comorbidities in
addition to the traditional adjustment for demographic characteristics. To reduce the dimensionality of these analyses, we utilize a
comorbidity index (Liu et al, 2010). The index is the weighted sum of the following comorbidities: atherosclerotic heart disease, heart failure,
history of a cerebrovascular accident or transient ischemic attack, peripheral vascular disease, dysrhythmias, other cardiovascular disease,
diabetes, chronic obstructive pulmonary disease, gastrointestinal disease, liver disease, and cancer. Note that, depending on the purpose of
the figure in question, either the “traditional” approach (describing demographically adjusted results) or the new approach (describing results
adjusted for demographic and comorbidity factors), may be highlighted.
As noted in previous ADRs, changes in CMS rules surrounding observation hospital stays (which are considered outpatient services) in the
last decade, including the introduction and subsequent modification of the “Two-Midnight” rule (2013-2016), likely affect rates of formal
hospitalizations. Therefore, we also examine observation stays and the combined metric of hospital admissions plus observation stays.
Note that some figures show CKD by stages (i.e., display separate groups labelled by specific stage of CKD). Individuals with unknown or
unspecified stage of CKD (representing approximately 19% of Medicare FFS beneficiaries aged ≥66 years with CKD in 2019) are not
included in any stage-specific group. However, patients with unknown or unspecified stage of CKD are included in the CKD group in figures
that contrast “No CKD” with “CKD.”
For a more complete explanation of the analytical methods used to generate the study cohorts, figures, and tables in this chapter, see the
section on Chapter 3 within the CKD Analytical Methods.

Figure 3.1 All-cause mortality rate in older adults, 2009-2019

- No CKD

- CKD

Data source: Medicare 5% random sample database. January 1 point prevalent Medicare FFS beneficiaries aged ≥66 years, 2009-2019.
Age, sex, race/ethnicity, and comorbidity were used in adjusted analyses.
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Figure 3.1 All-cause mortality rate in older adults, 2009-2019

Data source: Medicare 5% random sample database. January 1 point prevalent Medicare FFS beneficiaries aged ≥66 years, 2009-2019.
Age, sex, race/ethnicity, and comorbidity were used in adjusted analyses.

Figure 3.1 All-cause mortality rate in older adults, 2009-2019

Data source: Medicare 5% random sample database. January 1 point prevalent Medicare FFS beneficiaries aged ≥66 years, 2009-2019.
Age, sex, race/ethnicity, and comorbidity were used in adjusted analyses.

Unadjusted mortality rate among Medicare FFS beneficiaries aged ≥66 years with CKD declined by 21.9% over a decade, from 146.4 per
1,000 person-years (py) in 2009 to 114.4 per 1,000 py in 2019 (Figure 3.1). In beneficiaries without CKD, the decline was slightly less, at
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19.0%. After adjustment for demographic factors, however, the decrease in the mortality rate for beneficiaries with CKD (22.3%) was far
higher than the rate for beneficiaries without CKD (9.2%). Additional adjustment for comorbidities lowered the mortality rate substantially
among beneficiaries with CKD relative to those without CKD in all demographic groups; this was due to the higher prevalence of
comorbidities among beneficiaries with CKD. Nevertheless, even after adjustment for comorbidities, the decrease in the mortality rate
among beneficiaries with CKD remained about twice that of beneficiaries without CKD. These results could be explained by improvements
in care for individuals with CKD or by changes in the detection and/or documentation of CKD such that the cohort of beneficiaries with
CKD included patients at progressively lower risk of death over time.

Figure 3.2 All-cause mortality rate in older adults, by CKD status, CKD stage, and demographics, 2019
Overall
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Data source: Medicare 5% random sample database. January 1, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Age, sex,
and race/ethnicity were used in adjusted analyses.

Adjusted all-cause mortality was 92.2 per 1000 py among Medicare FFS beneficiaries aged ≥66 years with CKD in 2019 and was 39.7 per
1000 py in beneficiaries without CKD (Figure 3.2). The adjusted mortality rate was nearly twice as high in beneficiaries with stages 4-5 CKD
than in those with stage 3 disease. As expected, adjusted mortality rate increased with advancing age among beneficiaries with CKD (a
definition that includes individuals with stages 1-2 CKD, as well as unknown stage of CKD). Mortality was approximately 20% higher in men
(102.0 per 1000 py) than in women (85.2 per 1000 py). Unadjusted mortality was higher among White individuals at all stages of CKD than
among members of other race/ethnicity groups. However, after adjusting for demographic characteristics, mortality was similar for Black and
White individuals with CKD overall. Hispanic individuals had adjusted mortality that was lower than either Black or White individuals,
regardless of CKD stage (most notably in stages 4-5 CKD).
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Table 3.1a All-cause hospitalization rate in older adults, 2019
Medicare FFS

Medicare Advantage

Adjusted

Unadjusted

Adjusted

Unadjusted

No CKD

228.3

222.8

149.7

140.8

All CKD

549.7

585.2

342.8

346.4

CKD Stage 3

547.2

581.9

336.1

342.5

CKD Stages 4-5

889.7

571.4

571.8

907.4
®

®

Data source: Medicare 5% random sample (for Medicare FFS cohorts) and Optum de-identified Clinformatics Data Mart (for Medicare Advantage cohorts) database. January 1, 2019
point prevalent enrollees, aged ≥66 years. Age, sex, and race/ethnicity were used in adjusted analyses. Abbreviation: FFS, fee-for-service.

The all-cause hospitalization rate among older Medicare FFS beneficiaries with CKD, 549.7 per 1000 py, was about 2.4 times the rate
among beneficiaries without CKD (Table 3.1a). Similarly, the rate of hospitalization in older Medicare Advantage beneficiaries with CKD,
342.8 per 1000 py, was about 2.3 times that of those without CKD. Among Medicare FFS beneficiaries, the adjusted hospitalization rate was
approximately 63% higher in individuals with stages 4-5 CKD than in individuals with stage 3 CKD; the corresponding figure was 70%among
Medicare Advantage beneficiaries. Medicare FFS beneficiaries with CKD had an adjusted hospitalization rate that was about 60%higher
than Medicare Advantage beneficiaries with CKD.

Table 3.1b All-cause hospitalization rate in older adults, by demographics, 2019
Medicare Fee-for-Service
Adjusted

Unadjusted

No CKD

All CKD

CKD Stage 3

CKD Stages 4-5

No CKD

All CKD

CKD Stage 3

CKD Stages 4-5

66–69

144.7

476.6

490.9

876.6

144.3

479.8

491.0

874.1

70–74

175.9

500.7

503.5

855.2

175.6

503.8

506.5

857.5

75–84

255.7

576.5

564.8

913.0

256.6

581.4

570.8

918.8

85+

417.9

723.1

701.6

928.5

417.4

722.8

701.2

933.6

Female

221.6

544.3

542.0

892.3

222.7

580.7

575.3

896.0

Male

236.9

559.5

556.2

890.7

222.9

590.1

589.1

921.6

White

231.0

550.6

548.3

884.4

227.6

585.8

582.8

899.4

Blk/Af Am

248.8

633.1

612.0

972.2

236.8

648.6

627.8

1000.8

Hispanic

198.0

562.2

560.7

820.0

194.2

622.6

625.5

866.3

Other

167.1

437.9

453.2

862.2

149.2

453.2

470.2

828.0

Age

Sex

Race/Hispanic

Data source: Medicare 5% random sample database. January 1, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Age, sex, and race/ethnicity were used in adjusted
analyses.

Among older Medicare FFS beneficiaries, adjusted all-cause hospitalization rates were higher among older than among younger individuals
with and without CKD (Table 3.1b). Men had higher rates of hospitalization than women, but the relative difference was less pronounced
among beneficiaries with CKD than among beneficiaries without CKD. Black individuals without CKD had an adjusted all-cause
hospitalization rate that was 7.7% higher than White individuals without CKD, but this Black-White difference was nearly twice as large, at
15.0%, among beneficiaries with CKD.
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Table 3.1c All-cause hospitalization rate in younger adults, 2019

Commercial
Adjusted

Unadjusted

No CKD

36.3

36.3

All CKD

148.5

154.7

CKD Stage 3

201.4

187.8

CKD Stages 4-5

413.6

375.8

Data source: Optum® de-identified Clinformatics® Data Mart database (for commercial insurance cohorts) database. January 1, 2019 point prevalent enrollees, aged 18-64 years. Age,
sex, and race/ethnicity were used in adjusted analyses.

In younger adults aged 18-64 years with commercial insurance, the adjusted rate of all-cause hospitalization among those with CKD
(including stages 1-2 CKD and unknown stage of CKD) was over 4 times that of individuals without CKD (36.3 vs 148.5 per 1000 py, Table
3.1c). The adjusted hospitalization rate among individuals with stages 4-5 CKD was more than double that among individuals with stage 3
CKD, and nearly 12 times the rate among individuals without CKD.

Figure 3.3 All-cause hospitalization and observation stay rates in older adults, 2009-2019

Data source: Medicare 5% random sample database. January 1 point prevalent Medicare FFS beneficiaries aged ≥66 years, 2009-2019. Age, sex, race/ethnicity, and comorbidity were
used in adjusted analyses.

Figure 3.3 shows that rates of hospitalization adjusted for demographic characteristics declined by 29.0% between 2009 and 2019 to 226
events per 1000 py among Medicare FFS beneficiaries aged ≥66 years with CKD, compared with a 22.7% reduction to 300 per 1000 py
among beneficiaries without CKD.
Although the adjusted rate of observation stays increased among beneficiaries with CKD by 53.6%, the absolute increase in observation
stays among beneficiaries with CKD was far smaller than the decrease in hospitalizations. The rate of hospitalizations decreased by 24.6%
among beneficiaries with stage 3 CKD but only by 13.4% among beneficiaries with stages 4-5 CKD. The decrease in hospitalizations
occurred primarily between 2009 and 2013, with little change thereafter.
Adjustment for comorbid conditions lowered the rates of hospitalization among patients with CKD relative to those without. Beneficiaries with
CKD had a comorbidity-adjusted hospitalization rate that was only 1.4 times that of beneficiaries without CKD, whereas the demographicadjusted rates were 2.4 times higher. However, rates of change in hospitalization over time were almost identical with or without adjustment
for comorbid conditions.
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Figure 3.4a All-cause hospitalization and observation stay rates in older adults, 2019
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Data source: Medicare 5% random sample (for Medicare FFS cohorts) and Optum® de-identified Clinformatics® Data Mart (for Medicare
Advantage cohorts) database. January 1, 2019 point prevalent enrollees, aged ≥66 years. Age, sex, and race/ethnicity were used in
adjusted analyses. Abbreviations: FFS, fee-for-service; MA, Medicare Advantage.

In 2019, the rate of hospitalizations and observation stays (combined) among older Medicare FFS beneficiaries with CKD was about 2.3
times higher than among those without CKD (Figure 3.4a). Medicare Advantage beneficiaries with CKD had a rate about 2.2 times as high
as those without CKD. Hospitalization rates were consistently higher among Medicare FFS beneficiaries than among those with Medicare
Advantage, regardless of CKD status or stage. Observation stays accounted for about 16% of the total (hospitalizations plus observation
stays) among older FFS beneficiaries with CKD, and for about 29.2% among Medicare Advantage beneficiaries with CKD.

Figure 3.4b All-cause hospitalization and observation stay rates in older adults, by demographics, 2019
Race/Ethnicity
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Unadjusted

Medicare FFS, by Age, Adjusted
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Data source: Medicare 5% random sample database. January 1, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Age, sex,
and race/ethnicity were used in adjusted analyses. Abbreviations: FFS, fee-for-service; MA, Medicare Advantage.
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Figure 3.4b All-cause hospitalization and observation stay rates in older adults, by demographics, 2019

- Hospitalization

- Observation Stay

Data source: Medicare 5% random sample database. January 1, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Age, sex,
and race/ethnicity were used in adjusted analyses. Abbreviations: FFS, fee-for-service; MA, Medicare Advantage.

Among older Medicare FFS beneficiaries, the adjusted combined rate of all-cause hospitalizations and observations stays was higher
among older beneficiaries than among younger ones (Figure 3.4b), irrespective of CKD status; however, the age gradient was attenuated
substantially among beneficiaries with stage 4-5 CKD. The adjusted rate of hospitalization and observation stays was higher in men than in
women with stage 3 CKD but was higher in women than men with stages 4-5 CKD. The adjusted combined rate was consistently higher
among Black, as compared with White, individuals, irrespective of CKD status or stage.

Figure 3.4c All-cause hospitalization and observation stay rates in younger adults, 2019
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Data source: Optum de-identified Clinformatics® Data Mart Database (for commercial insurance cohorts) database. January 1, 2019 point
prevalent enrollees, aged 18-64 years. Age, sex, and race/ethnicity were used in adjusted analyses.
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Among commercially insured individuals aged 18-64 years, the adjusted combined rate of all-cause hospitalizations and observations stays
among those with CKD was about 4 times that among those without (Figure 3.4c). As kidney function declined, the rate of hospitalization
increased more than the rate of observation stays.

Figure 3.5 All-cause hospitalization and observation stay rates in older adults, by presence of diabetes mellitus and cardiovascular
disease, 2019
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Data source: Medicare 5% random sample database. January 1, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Age, sex,
and race/ethnicity were used in adjusted analyses.

Figure 3.5 shows rates of hospitalizations and observation stays by CKD status and stage among older Medicare FFS beneficiaries,
stratified by the presence of DM and CVD. DM had less of an effect on the combined rate than did CVD, regardless of CKD status or stage.
For example, compared with beneficiaries with stage 3 CKD who had neither DM nor CVD, the adjusted combined rate was approximately
27% higher among beneficiaries with DM (but not CVD) yet was approximately 1.6 times higher among beneficiaries with CVD (but not DM).
The rate was 2.5 times higher among individuals with both DM and CVD.
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Figure 3.6 Rate of hospitalization for cardiovascular disease in older adults, 2009-2019
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Data source: Medicare 5% random sample database. January 1 point prevalent Medicare FFS beneficiaries aged ≥66 years, 2009-2019.
Age, sex, and race/ethnicity were used in adjusted analyses.

Between 2009 and 2019, the adjusted rate of hospitalizations for cardiovascular causes among older Medicare FFS beneficiaries decreased
by approximately 33% among individuals with CKD and by approximately 29% among individuals without CKD (Figure 3.6). The
cardiovascular hospitalization rate among beneficiaries with stages 4-5 CKD was approximately 14% lower in 2019 than in 2009, but the
pattern was not one of steady decline: the adjusted rate reached a nadir of 258 per 1000 py in 2013 before climbing to 276 per 1000 py in
2019.
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Figure 3.7 Survival probability in older adults following hospital admission for a cardiovascular disease, by CKD status and stage, 20172019
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Data source: Medicare 5% random sample database. Medicare beneficiaries with a first hospitalization for cardiovascular disease of the interest in 2017-2019 aged ≥66 years with
Parts A and B coverage. Adjustments were for age, sex, and race/ethnicity. Abbreviations: AMI, acute myocardial infarction; CAD, coronary artery disease; CVA/TIA, cerebrovascular
accident/transient ischemic attack; HF, heart failure; NVAF, nonvalvular atrial fibrillation; PAD, peripheral artery disease.

Figure 3.7 Survival probability in older adults following hospital admission for a cardiovascular disease, by CKD status and stage,
2017-2019
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Data source: Medicare 5% random sample database. Medicare beneficiaries with a first hospitalization for cardiovascular disease of the interest in 2017-2019 aged ≥66 years with
Parts A and B coverage. Adjustments were for age, sex, and race/ethnicity. Abbreviations: AMI, acute myocardial infarction; CAD, coronary artery disease; CVA/TIA, cerebrovascular
accident/transient ischemic attack; HF, heart failure; NVAF, nonvalvular atrial fibrillation; PAD, peripheral artery disease.

Survival probability following a first hospitalization for a cardiovascular condition or event in Medicare FFS beneficiaries aged ≥66 years is
shown in Figure 3.7. Survival probability after hospitalization for each condition or event was worse for beneficiaries with CKD than for those
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without and worse among those with more advanced CKD. In the case of CAD, for example, the 2-year adjusted survival probability was
0.77 for an individual without CKD, 0.63 for an individual with stage 3 CKD, and only 0.50 for an individual with stages 4-5 CKD. Indeed, the
2-year adjusted survival probability for an individual without CKD was comparable to the 8-month probability for an individual with stage 3
CKD and the 3.5-month probability for an individual with stages 4-5 CKD. In the case of HF, the 2-year adjusted survival probability for an
individual without CKD, at 0.53, was comparable to the 15-month probability in an individual with stage 3 CKD and the 11-month probability
in an individual with stages 4-5 CKD. A similar pattern is present for most of the other conditions and events.

Figure 3.8 Rate of hospitalization for infection in older adults, 2009-2019
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Data source: Medicare 5% random sample database. January 1 point prevalent Medicare FFS beneficiaries aged ≥66 years, 2009-2019.
Age, sex, and race/ethnicity were used in adjusted analyses.

Between 2009 and 2019, the adjusted rate of hospitalization for infection declined by 10.7% among older Medicare FFS beneficiaries with
CKD but did not decline in beneficiaries without CKD (Figure 3.8). The decline among beneficiaries with CKD was driven by individuals with
less severe CKD or unknown CKD stage, as the rate was relatively stable among individuals with CKD stage 3 but increased by
approximately 3% among individuals with stages 4-5 CKD. Among individuals with stages 4-5 CKD, the rate of hospitalization for infection
decreased between 2009 and 2013 by approximately 9% but then increased by approximately 14% from 2013 to 2019. In 2019, the rate of
hospitalization for infection in beneficiaries with CKD was approximately 2.7 times that in beneficiaries without CKD.
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Figure 3.9 Rate of hospitalization for causes other than cardiovascular disease and infection in older adults, 2009-2019
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Data source: Medicare 5% random sample database. January 1 point prevalent Medicare FFS beneficiaries aged ≥66 years and older, 20092019. Age, sex, and race/ethnicity were used in adjusted analyses.

Figure 3.9 Rate of hospitalization for causes other than cardiovascular disease and infection in older adults, 2009-2019
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Data source: Medicare 5% random sample database. January 1 point prevalent Medicare FFS beneficiaries aged ≥66 years and older, 20092019. Age, sex, and race/ethnicity were used in adjusted analyses.
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Non-cardiovascular, non-infection-related hospitalizations generally declined among older Medicare FFS beneficiaries between 2009 and
2019, irrespective of the presence of CKD (Figure 3.9). In 2019, beneficiaries with CKD were nearly 6 times as likely to be hospitalized for
a DM-related complication as beneficiaries without CKD (adjusting for demographic characteristics); more than two-and-a-half times as
likely to be hospitalized for a GI bleed; and more than twice as likely to be hospitalized for a non-infectious lung condition. Even the rate of
cancer-related hospitalizations was substantially higher in patients with CKD.

Figure 3.10 Percentage of all-cause hospitalizations resulting in hospital readmission or death within 30 days of discharge in older adults,
2009-2019
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Data source: Medicare 5% random sample database. January 1 point prevalent Medicare FFS beneficiaries aged ≥66 years, 2009-2019.
The study unit in this figure is hospitalization for a patient discharged alive between January 1 and December 1 during the year, followed for
30 days after the discharge unless the patient died within 30 days. One patient can have multiple hospitalizations during the year. Age, sex,
and race/ethnicity were used in adjusted analyses.

Figure 3.10 shows the adjusted percentage of hospital discharges followed by a readmission within 30 days among older Medicare FFS
beneficiaries from 2009-2019. Readmissions decreased by approximately 14% among beneficiaries without CKD and by 12.7% among
beneficiaries with CKD. Declines occurred almost exclusively between 2009 and 2014. Deaths without readmission, however, actually
increased by approximately 18% among beneficiaries without CKD and approximately 12% among beneficiaries with CKD.
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Figure 3.11 Percentage of all-cause hospitalizations resulting in hospital readmission or observation stay within 30 days of discharge in
older adults, 2009-2019
CKD Status

CKD Stage
Adjusted

Unadjusted

Percentage of Hospital Discharge

By CKD Status, Adjusted
25
20
15
10
5
0

2009

2010

2011

- Readmission, No CKD

2012

2013

2014

2015

- Observation Stay, No CKD

2016

2017

2018

2019

- Readmission, CKD

- Observation Stay, CKD
Data source: Medicare 5% random sample database. January 1 point prevalent Medicare FFS beneficiaries aged ≥66 years, 2009-2019.
The study unit in this figure is hospitalization for a patient discharged alive between January 1 and December 1 during the year, followed for
30 days after the discharge unless the patient died within 30 days. Age, sex, and race/ethnicity were used in adjusted analyses.

Reductions in 30-day hospital readmissions may be offset by increases in observation stays. Figure 3.11 examines the percentage of
hospital discharges in older Medicare FFS beneficiaries that were followed by a readmission or an observation stay within 30 days .
Although adjusted percentages of observation stays doubled over time in individuals with and without CKD (reaching 2.9% in beneficiaries
with CKD and 2.4% in beneficiaries with no CKD in 2019), these increases did not offset decreases in 30-day readmissions.
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Figure 3.12a Percentage of all-cause hospitalizations resulting in hospital readmission or death within 30 days of discharge in older adults,
2019
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Data source: Medicare 5% random sample (for Medicare FFS cohorts) and Optum® de-identified Clinformatics® Data Mart database (for Medicare Advantage cohorts). January 1,
2019 point prevalent enrollees, aged ≥66 years. The study unit in this figure is hospitalization for a patient discharged alive between January 1 and December 1 during the year,
followed for 30 days after the discharge unless the patient died within 30 days. A patient can have multiple hospitalizations during the year. Age, sex, and race/ethnicity were used
in adjusted analyses. Abbreviations: FFS, fee-for-service; MA, Medicare Advantage.

Among older adults, a higher percentage of beneficiaries with stages-4-5 CKD, compared with beneficiaries with stage 3 CKD, were
readmitted or died without readmission within 30 days (Figure 3.12a). Death without readmission was more common among beneficiaries
with stage 4-5 CKD than among beneficiaries with stage 3 CKD. The percentage of readmissions and deaths within 30 days were similar
among beneficiaries with Medicare FFS and Medicare Advantage for all stages of CKD.

Figure 3.12b Percentage of all-cause hospitalizations resulting in hospital readmission or death within 30 days of discharge in older adults,
by demographics, 2019
Age

Sex

Race/Ethnicity
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Medicare FFS, by Age, Adjusted
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Data source: Medicare 5% random sample database. January 1, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. The study unit in this figure is hospitalization for a
patient discharged alive between January 1 and December 1 during the year, followed for 30 days after the discharge unless the patient died within 30 days. A patient can have multiple
hospitalizations during the year. Age, sex, and race/ethnicity were used in adjusted analyses. Abbreviation: FFS, fee-for-service.

S56

Figure 3.12b Percentage of all-cause hospitalizations resulting in hospital readmission or death within 30 days of discharge in older adults,
by demographics, 2019

- Readmission

- Death without Readmission

Data source: Medicare 5% random sample database. January 1, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. The study unit in this figure is hospitalization for a
patient discharged alive between January 1 and December 1 during the year, followed for 30 days after the discharge unless the patient died within 30 days. A patient can have multiple
hospitalizations during the year. Age, sex, and race/ethnicity were used in adjusted analyses. Abbreviation: FFS, fee-for-service.

Figure 3.12b shows the percentage of hospital discharges followed by readmission or, separately, death within 30 days in older Medicare
FFS beneficiaries. Results are shown for beneficiaries with and without CKD and by strata of age, sex, and race/ethnicity. Among
beneficiaries with CKD, as patient age at hospital discharge increased, the percentage of hospital discharges that was followed by
readmission decreased, but the percentage followed by death (without rehospitalization) within 30 days increased. Irrespective of CKD
status or stage, a slightly higher percentage of discharges in men was followed by a rehospitalization (compared with discharges in women);
this was also the case for death without rehospitalization. Hospitalization discharges among Black, as compared with White, individuals with
CKD were associated with a higher percentage of readmissions (24.6% versus 21.2%) within 30 days, but discharges among White
individuals were associated with a higher percentage of death (without readmission) within 30 days (6.4% versus 6.0%).
The readmission percentage was higher following discharges among Black individuals than among White individuals, regardless of CKD
stage. However, there was variability by stage of CKD in the relative percentage of death without readmission among Black and White
individuals: among those with stage 3 CKD, 6.3% of discharges in White, versus 5.4% of discharges in Black, individuals were followed by
death without readmission within 30 days; in contrast, among beneficiaries with stage 4-5 CKD, 8.0% of discharges in White, and 8.4% of
discharges in Black, individuals were followed by a death without readmission within 30 days (although the number of individuals with stage
4-5 CKD was small, and estimates are less stable).
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Figure 3.12c Percentage of all-cause hospitalizations resulting in hospital readmission or death within 30 days of discharge in younger
adults, 2019
Adjusted

Unadjusted

Commercial, Adjusted
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Data source: Optum® de-identified Clinformatics® Data Mart database (for commercial insurance cohorts). January 1, 2019 point prevalent
enrollees, aged 18-64 years.
The study unit in this figure is hospitalization for a patient discharged alive between January 1 and December 1 during the year, followed for
30 days after the discharge unless the patient died within 30 days. A patient can have multiple hospitalizations during the year. Age, sex, and
race/ethnicity were used in adjusted analyses.

Hospital discharges among younger individuals without CKD were approximately half as likely to be followed by readmission within 30 days
compared with discharges among older individuals with Medicare FFS or Medicare Advantage (Figure 3.12b). However, there was little
difference in the readmission percentage after discharge among younger versus older individuals with CKD. In fact, readmission was more
common after discharge in younger, compared with older, individuals with CKD stages 4-5.
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Figure 3.13a Rates of emergency department encounters in older adults, 2019
Adjusted
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Data source: Medicare 5% random sample (for Medicare FFS cohorts) and Optum® de-identified Clinformatics® Data Mart (for Medicare
Advantage cohorts) database. January 1, 2019 point prevalent enrollees, aged ≥66 years. Age, sex, and race/ethnicity were used in
adjusted analyses. Abbreviations: FFS, fee-for-service; MA, Medicare Advantage.
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Figure 3.13b Rates of emergency department encounters in older adults, by demographics, 2019
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Data source: Medicare 5% random sample database. January 1, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Age, sex,
and race/ethnicity were used in adjusted analyses. Abbreviation: FFS, fee-for-service.

Figure 3.13b Rates of emergency department encounters in older adults, by demographics, 2019

Data source: Medicare 5% random sample database. January 1, 2019 point prevalent Medicare FFS beneficiaries aged ≥66 years. Age, sex,
and race/ethnicity were used in adjusted analyses. Abbreviation: FFS, fee-for-service.

In older Medicare FFS beneficiaries, the adjusted rate of ED encounters was highest among the oldest individuals (those aged ≥85 years) in
2019 (Figure 3.13b). Nevertheless, the effect of CKD was evident, as the youngest individuals with CKD (aged 66-69 years) had a rate of
emergency department counters that was similar to the rate among the oldest individuals without CKD (aged ≥85 years). Rates were higher
in women than in men, irrespective of CKD status or stage, and were substantially higher in Black than in White individuals. For example,
among beneficiaries with CKD, the adjusted rate was approximately 31% higher in Black than in White individuals.
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Figure 3.13c Rates of emergency department encounters in younger adults, 2019
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Data source: Optum® de-identified Clinformatics® Data Mart database (for commercial insurance cohorts). January 1, 2019 point prevalent
enrollees, aged 18-64 years. Age, sex, and race/ethnicity were used in adjusted analyses.

In commercially insured individuals aged 18-64 years, the adjusted rate of ED encounters among individuals with CKD was 2.8 times that
among individuals without CKD; among individuals with stages 4-5 CKD, it was 3.3 times that among individuals without CKD (Figure
3.13c).
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Summary
The adjusted mortality rate in older Medicare FFS beneficiaries with CKD was more than twice as high as in beneficiaries without CKD in
2019. There is reason for both optimism and caution. It is encouraging that the mortality rate in individuals with CKD decreased substantially
over the decade between 2009 and 2019, a rate of improvement that was substantially better than that observed among individuals without
CKD (Figure 3.3). Thus, the difference in mortality between individuals with and without CKD is diminishing. However, although this
observation is encouraging, it needs to be considered in light of the increase in identification of CKD (see Volume 1, Chapter 2). Increasing
awareness or coding of less severe CKD or of CKD among beneficiaries without high-risk comorbid conditions could result in a
progressively healthier population identified as having CKD.
Determining whether CKD-related care has improved is a complex exercise. In patients with CKD, most of whom have comorbidities that
are themselves associated with adverse outcomes, adjustment for such comorbidities is, in theory, a way to “isolate” the effect (or
association) of CKD on key outcomes. In other words, comorbidity adjustment may be a way of accounting for some of the differences that
occur over time, such as increased coding of CKD among beneficiaries without high-risk comorbidities. However, comorbidities may both
cause (or contribute to) CKD and also be made worse by the presence of CKD, as is the case with vascular disease or HF. Therefore,
adjustment for demographic characteristics alone may be a superior way of determining the “true” burden of adverse outcomes, such as
hospitalizations, in patients with CKD. That hospitalizations in patients with CKD declined after adjusting for demographic characteristics
alone as well as after adjusting for demographic characteristics and comorbidities suggests that improvements in outcomes among patients
with CKD are real – and are likely occurring in healthier as well as sicker individuals.
A separate question is whether improvements in the care of patients with CKD are “merely” the result of overall improvements in care that
have occurred in all patients, irrespective of the presence of CKD. Because the decrease in hospitalizations among patients with CKD were
greater than those for patients without, this suggests that general improvements in care occurring throughout the healthcare system may not
be the sole reason for improvements in outcomes among patients with CKD.
There are differences in mortality by race, but the findings require nuanced interpretation. Unadjusted mortality was higher among White
than among Black individuals with CKD, but after adjustment for age and sex, the difference in mortality diminished substantially. This
suggests that CKD onset occurs at a younger age for Black beneficiaries on average. Furthermore, Black beneficiaries with stages 3 and 4-5
CKD had lower mortality than White beneficiaries. This survival advantage among Black beneficiaries with advanced CKD could explain, in
part, the observation that the racial disparity in ESRD is larger than the disparity in prevalence of CKD. The higher survival among Black, as
compared with White, beneficiaries with stages 4-5 CKD would be expected to result in a higher percentage of these individuals surviving to
reach ESRD.
As with the patterns for mortality, hospitalization rates were more than twice as high among beneficiaries with CKD as among those without
CKD. A welcome development concerning hospitalization is that after adjustment for demographic characteristics and comorbidities, the
adjusted hospitalization rate declined more among older Medicare beneficiaries with CKD than among those without. The decline in
hospitalizations was only slightly attenuated by the increase in observation stays. However, caution must again be exercised regarding
identification of individuals with CKD: increasing awareness or coding of less severe CKD could also result in an apparent decline in
hospitalization among patients with CKD that do not reflect improvements in care.
Among beneficiaries with CKD, older age and more advanced stages of CKD were strongly related to rate of hospitalization. However, age
appeared to be a more important factor for those with early CKD than for those with advanced CKD, and CKD stage was more important in
younger than in older beneficiaries. In other words, beneficiaries with stages 4-5 CKD had high rates of hospitalization regardless of age.
Regarding race and ethnicity, the Black-White difference in hospitalization was twice as great in individuals with CKD as in those without, the
reasons for which must be further explored. Remarkably, the adjusted rate of emergency department encounters was about one-third higher
in older Black Medicare beneficiaries with CKD than in their White counterparts.
CVD remains a major problem for individuals with CKD. Although rates of hospitalization for manifestations of CVD declined by one third
among older Medicare FFS beneficiaries with CKD over the last decade, the decline was similar among beneficiaries without CKD,
suggesting that trends in the CKD population are reflective of overall trends in the general population. The interaction of CKD and CVD
remains a critical nexus, as the presence of CVD in individuals with CKD is associated with a much higher rate of hospitalization than other
prominent comorbidities, such as DM. Looked at in another way, survival after a CVD-related hospitalization is far lower among individuals
with CKD, particularly stages 4-5 CKD, than among individuals without CKD. CKD is also associated with a much higher rate of
hospitalization for causes not classically associated with CKD, such as non-infectious lung processes and even cancer.
Hospital admissions, even those resulting in live discharges (the vast majority) remain an ominous portent for individuals with CKD. Although
readmissions declined between 2009 and 2014 in older Medicare FSS beneficiaries, there has been little if any improvement since 2014. As
of 2019, about 1 in 5 live discharges is followed by readmission within 30 days, and 1 in 15 by death without readmission in both Medicare
FFS and Medicare Advantage beneficiaries. Improvements in follow-up care are likely needed to prevent readmissions and out-of-hospital
deaths among individuals with CKD.
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For more information, see the USRDS Annual Data Report website, Volume 1 Chronic Kidney Disease, Chapter 3. Morbidity and Mortality in
Patients with CKD, located here: https://adr.usrds.org/2021/chronic-kidney-disease/3-morbidity-and-mortality-in-patients-with-ckd
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Chronic Kidney Disease: Chapter 4

Acute Kidney Injury
Highlights
The adjusted rate of first hospitalization with acute kidney injury (AKI) during a calendar year among Medicare fee-for-service (FFS)
beneficiaries increased 42% between 2009 and 2019, from 36.1 to 51.3 admissions per 1000 person-years (Figure 4.1). The
combination of CKD and diabetes (DM) was strongly associated with the adjusted rate.
The adjusted rate of hospitalization with AKI requiring dialysis (AKI-D) among Medicare FFS beneficiaries was 2.3 admissions per
1000 person-years in 2019—nearly unchanged since 2017 (Figure 4.2). The adjusted rate of hospitalization with AKI-D was 137%
higher among Black than White beneficiaries.
The percentage of patients with a nephrology consultation during a first hospitalization with AKI during each year steadily decreased
between 2009 and 2018 but stabilized between 2018 and 2019, at 25.0% (Figure 4.3).
Patients who were hospitalized with AKI were much more likely to be aged ≥75 years (versus 66-74 years), slightly more likely to be
men, and more likely to be Black than beneficiaries in whom AKI was not diagnosed during hospitalization (Figure 4.5).
In-hospital mortality increased with worsening severity of AKI: 1.9% among patients without AKI, 7.2% among patients with AKI not
requiring dialysis, and 27.9% among patients with AKI requiring dialysis (Figure 4.6).
Among Medicare FFS beneficiaries who were discharged alive after a first hospitalization with AKI in 2015-2018, the cumulative
incidence of recurrent hospitalization with AKI was 26.5% at 1 year and 35.1% at 2 years (Figure 4.7).
Among Medicare FFS beneficiaries aged ≥66 years who were discharged alive after hospitalization with AKI in 2015-2018, the
cumulative incidence of ESRD was 1.2% at 1 year and 1.7% at 2 years (Figure 4.8). Patients who underwent dialysis during the index
hospitalization with AKI were far more likely to progress to ESRD following discharge than were patients who did not undergo dialysis.
Among Medicare FFS beneficiaries who were discharged alive after a first hospitalization with AKI, the adjusted percentage with at
least 1 outpatient nephrology visit during the 6 months after discharge continued to hover slightly below 13% in 2018 (Figure 4.10).
In Medicare FFS beneficiaries with CKD who were hospitalized with AKI in 2015-2018, percentages with maintenance of CKD stage,
progression of CKD stage, ESRD, and death at 1 year after discharge were 47.8%, 18.0%, 2.6%, and 31.6%, respectively (Figure
4.12).
Between 2017 and 2019, the number of patients who initiated outpatient dialysis for the treatment of AKI increased steadily, reaching a
peak of 3460 patients during the fourth quarter of 2019 (Figure 4.13).
The cumulative incidence of ESRD after the first outpatient hemodialysis session for the treatment of AKI was 35.0% at 3 months and
47.2% at 12 months (Figure 4.14).

Introduction
In this chapter, we examine the incidence and circumstances of hospitalization with AKI in Medicare FFS beneficiaries aged ≥66 years. In
claims data, AKI is documented using diagnosis codes, not biochemical measurements. We initially examine rates of hospitalization with AKI
and hospitalization with AKI requiring dialysis during each calendar year from 2009 to 2019. New this year, rates are stratified by the
presence of comorbid CKD, diabetes (DM), and heart failure (HF) We also examine the secular trend in the percentage of admissions during
which a nephrology consultation occurred. We describe characteristics of patients with and without AKI during hospitalization in 2019, as
well as the distribution of discharge status among patients with and without AKI during hospitalization.
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We next examine outcomes after hospitalization with AKI, including incidence of recurrent hospitalization with AKI, death, and ESRD. New
this year, rates are stratified by the presence of HF and the utilization of acute dialysis during the index hospitalization with AKI. We also
examine 6-month outcomes after live discharge from hospitalization with AKI, stratified by preexisting CKD status. In the absence of
preexisting CKD, 6-month outcomes comprise the apparent absence of CKD, new diagnosis of CKD, ESRD, and death, whereas in the
presence of preexisting CKD, outcomes comprised maintenance of CKD stage, progression of CKD (i.e., change in CKD stage), ESRD,
and death. We examine probabilities of outpatient nephrology care during the 6 months after live discharge from hospitalization with AKI.
New this year, probabilities are stratified by heart failure and nephrology consultation during the index hospitalization with AKI.
Furthermore, we assess the distribution of CKD severity among patients without preexisting CKD who were alive at 12 months after
discharge from hospitalization, as well as progression of CKD among patients with preexisting CKD who were discharged alive from
hospitalization with AKI in 2015-2018.
Medicare Part B began to cover outpatient dialysis for the treatment of AKI on January 1, 2017. In analyses of this coverage, we include all
Medicare fee-for-service beneficiaries aged ≥20 years. First, we examine monthly incidence of outpatient dialysis for AKI during 2017-2019.
Second, we assess the cumulative incidence of death and ESRD during the 24 months after initiation of outpatient dialysis for AKI.

Methods
All analyses in this chapter reflect the historical experience of a 5% sample of Medicare FFS (i.e., Parts A and B) beneficiaries. Thus, all
analyses exclude patients with Medicare Advantage coverage. Furthermore, except for analyses of outpatient dialysis for the treatment of
AKI, analyses include only the subset of Medicare FFS beneficiaries aged ≥66 years, to enable the construction of a one-year entry period
to determine CKD status. In Figures 4.1, 4.2, 4.3, and 4.4, each annual cohort comprised persons who were enrolled in Medicare during the
entirety of the preceding calendar year and remained enrolled on January 1. Patients were followed from January 1 of that year until the
earliest of death, discontinuation of Medicare fee-for-service coverage, or December 31 of that year.
Several methodological details merit description. Hospitalizations with AKI were identified using both principal and secondary discharge
diagnosis codes documented by the inpatient facility. Regarding first hospitalization with AKI during each year, no exclusion period (e.g., an
entry period without an AKI hospitalization) was imposed. AKI requiring dialysis was identified by procedure codes documented by the
inpatient facility or by physicians who rendered care during hospitalization. Nephrology consultation was identified by physician claims
concurrent with hospitalization. Admission to an intensive care unit (ICU) during hospitalization was identified by revenue centers
documented by the inpatient facility. Strata defined by the presence of CKD, DM, and HF were defined by qualifying diagnosis codes
documented in Parts A and B claims during the preceding calendar year. In Figure 4.6, discharge status was identified using inpatient facility
claims. In Figures 4.7 and 4.8, patients were followed from the date of discharge from first hospitalization with AKI to the earliest of ESRD
diagnosis, death, discontinuation of FFS coverage, or December 31, 2019. In Figure 4.8, ESRD diagnosis and death were classified as
competing events. In Figure 4.9, CKD stage progression was defined by any documentation of a higher stage of CKD among Parts A and B
claims during the 6 months after live discharge from hospitalization, relative to the last known stage before hospitalization. In Figure 4.10,
outpatient nephrology visits were identified from physician claims. The methodology of Figure 4.11 matched the methodology of Figure 4.9,
except that the cohort was limited to patients who remained alive at 12 months after discharge. In Figure 4.12, the distribution of possible
outcomes was re-estimated at each month during follow-up; thus, a patient could be classified as having experienced CKD progression at
one follow-up month and classified as having died at a later month.
In Figure 4.13, patients who initiated outpatient dialysis for treatment of AKI were identified by outpatient dialysis facility claims with a
condition code indicating AKI rather than ESRD. In Figure 4.14, patients were followed from the date of first outpatient hemodialysis for AKI
to the earlier of death or December 31, 2019. In the analysis of the cumulative incidence of death, ESRD diagnosis did not result in followup discontinuation, whereas in the analysis of the cumulative incidence of ESRD, death was classified as a competing risk.
Note that some figures show CKD by stages (i.e., display separate groups labelled by specific stage of CKD). Individuals with unknown or
unspecified stage of CKD (representing approximately 19% of Medicare FFS beneficiaries aged ≥66 years with CKD in 2019) are not
included in any stage-specific group. However, patients with unknown or unspecified stage of CKD are included in the CKD group in figures
that contrast “No CKD” with “CKD.”
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Figure 4.1 Rate of first hospitalization with acute kidney injury among older adults, 2009-2019
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Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January
1 and aged ≥66 years. Adjusted for age, sex, and race/ethnicity.

Figure 4.1 Rate of first hospitalization with acute kidney injury among older adults, 2009-2019

Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January
1 and aged ≥66 years. Adjusted for age, sex, and race/ethnicity.
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Figure 4.1 Rate of first hospitalization with acute kidney injury among older adults, 2009-2019

Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January
1 and aged ≥66 years. Adjusted for age, sex, and race/ethnicity.

The adjusted rate of first hospitalization with AKI during a calendar year among Medicare FFS beneficiaries increased by approximately
42% between 2009 and 2019, from 36.1 admissions per 1000 person-years in 2009 to 51.3 admissions per 1000 person-years in 2019
(Figure 4.1). In 2019, the adjusted rate of first hospitalization with AKI increased with advancing age: rates were 25.9, 34.5, 60.0, and 115.9
admissions per 1000 person-years among beneficiaries aged 66-69, 70-74, 75-84, and ≥85 years, respectively. Black beneficiaries exhibited
an adjusted rate of first hospitalization with AKI of 82.7 admissions per 1000 person-years in 2019, which was 67% higher than for White
beneficiaries.
The combination of CKD and DM was strongly associated with the adjusted rate of first hospitalization with AKI. Relative to a rate of 29.0
admissions per 1000 person-years among Medicare beneficiaries with neither CKD nor DM, rates were twice as high in beneficiaries with
DM alone, 4 times as high in beneficiaries with CKD alone, and almost 7 times as high in beneficiaries with both CKD and DM. HF was also
associated with a markedly higher adjusted rate, at almost 5 times that of beneficiaries without HF.
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Figure 4.2 Rate of all hospitalizations with acute kidney injury requiring dialysis among older adults, 2009-2019
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Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January
1 and aged ≥66 years. Adjusted for age, sex, and race/ethnicity.

Figure 4.2 Rate of all hospitalizations with acute kidney injury requiring dialysis among older adults, 2009-2019

Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January
1 and aged ≥66 years. Adjusted for age, sex, and race/ethnicity.
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Figure 4.2 Rate of all hospitalizations with acute kidney injury requiring dialysis among older adults, 2009-2019

Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January
1 and aged ≥66 years. Adjusted for age, sex, and race/ethnicity.

The adjusted rate of hospitalization with AKI-D among Medicare FFS beneficiaries remained at 2.3 admissions per 1000 person-years—
nearly unchanged since 2017 (Figure 4.2). Among beneficiaries aged ≥66 years in 2019, the highest rate was observed among beneficiaries
between the ages of 75 and 84 years. Whereas the adjusted rate of hospitalization with AKI was 67% higher among Black than White
beneficiaries in 2019, the adjusted rate of hospitalization with AKI-D was 137% higher among Black than White beneficiaries.
As for overall AKI, the combination of CKD and DM was strongly associated with the adjusted rate of hospitalization with AKI-D. Relative to
a rate of 0.8 admissions per 1000 person-years among Medicare beneficiaries with neither CKD nor DM, rates among beneficiaries with DM
alone were almost 3 times as high, among beneficiaries with CKD alone were 8 times as high, and rates in beneficiaries with both CKD and
DM were 18 times as high. Beneficiaries with HF were hospitalized with AKI-D at a rate that was 8.4 times as high as in beneficiaries
without HF.
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Figure 4.3 Percentage of older adults with nephrology consultation during first hospitalization with acute kidney injury, 2009-2019
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Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on
January 1, aged ≥66 years, and had a first hospitalization with acute kidney injury in the calendar year. Adjusted for age, sex, and race/
ethnicity.

Figure 4.3 Percentage of older adults with nephrology consultation during first hospitalization with acute kidney injury, 2009-2019

Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on
January 1, aged ≥66 years, and had a first hospitalization with acute kidney injury in the calendar year. Adjusted for age, sex, and race/
ethnicity.

The percentage of patients with a nephrology consultation during first hospitalization with AKI during each year steadily decreased between
2009 and 2018 but stabilized between 2018 and 2019 at 25.0% (Figure 4.3). In general, there were only modest difference across strata of
demographic factors in 2019. Patients aged ≥85 years were modestly less likely to have been seen by a nephrologist during hospitalization
than were patients aged 66 to 84 years. Relative to Black patients and patients of other/race ethnicity, White patients were also less likely to
have been seen by a nephrologist (24.2% versus 29.7% and 28.5%). Nephrologist consultations were more likely to occur during
hospitalizations that included intensive care than not (33.2% versus 22.5% in 2019).
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Figure 4.4 Rate of all hospitalizations with acute kidney injury among older adults, 2009-2019
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Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January
1 and aged ≥66 years. Adjusted for age, sex, and race/ethnicity.

Figure 4.4 Rate of all hospitalizations with acute kidney injury among older adults, 2009-2019

Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January
1 and aged ≥66 years. Adjusted for age, sex, and race/ethnicity.

Patients may be hospitalized with AKI more than once during a calendar year. Thus, rates of first hospitalization with AKI during a calendar
year understate the frequency of inpatient care with AKI. Figure 4.4 displays the rate of all hospitalizations with AKI, including first admission
with AKI and any subsequent admissions during the same year.
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The adjusted rate of all hospitalization with AKI during a calendar year among Medicare FFS beneficiaries increased by approximately 48%
between 2009 and 2019, from 44.1 admissions per 1000 person-years in 2009 to 65.3 admissions per 1000 person-years in 2019. Between
2018 and 2019, the adjusted rate increased by 1.8%. In 2019, the adjusted rate of all hospitalizations with AKI increased with advancing
age: rates were 33.8, 45.0, 76.4, and 141.2 admissions per 1000 person-years among beneficiaries aged 66-69, 70-74, 75-84, and ≥85
years, respectively. Black beneficiaries exhibited an adjusted rate of all hospitalizations with AKI of 111.0 admissions per 1000 person-years
in 2019, which was 77% higher than among White beneficiaries.
The combination of CKD and DM was strongly associated with the adjusted rate of all hospitalizations with AKI. Relative to a rate of 34.3
admissions per 1000 person-years among Medicare beneficiaries with neither CKD nor DM, rates were 2.1 times as high in people with DM
alone, 4.7 times as high in people with CKD alone, and 7.8 times as high in people with both CKD and DM. Beneficiaries with HF exhibited
an adjusted rate of all hospitalizations with AKI of 253.4 admissions per 1000 person-years, a rate that was more than 5 times that of
beneficiaries without HF.

Figure 4.5 Characteristics of older adults hospitalized without acute kidney injury versus with acute kidney injury, 2019
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Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B on January 1,
2019; aged ≥66 years; and hospitalized during calendar year.
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Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B on January 1,
2019; aged ≥66 years; and hospitalized during calendar year.

Figure 4.5 Characteristics of older adults hospitalized without acute kidney injury versus with acute kidney injury, 2019

Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B on January 1,
2019; aged ≥66 years; and hospitalized during calendar year.
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The demographic and clinical characteristics of Medicare FFS beneficiaries who were hospitalized with AKI in 2019 were different than the
characteristics of beneficiaries who were hospitalized without AKI (Figure 4.5). Patients who were hospitalized with AKI were much more
likely to be aged ≥75 years (versus 66-74 years), slightly more likely to be men, and more likely to be Black than beneficiaries in whom AKI
was not diagnosed during hospitalization. Furthermore, 42.9% of patients who were hospitalized with AKI had CKD, whereas the prevalence
of CKD among patients who did not have AKI was only 12.1%. Similarly, 32.6% of patients who were hospitalized with AKI had HF, whereas
the prevalence of HF among patients who were did not have AKI was 8.2%.

Figure 4.6 Discharge status of older adults hospitalized without acute kidney injury, with acute kidney injury, or with acute kidney injury
requiring dialysis, 2019
Overall

Age

Sex

Race/Ethnicity

CKD and Diabetes

Heart Failure

Overall
100

Percentage

75

50

25

0

AKI: No
- Home

- Home Health

AKI: Yes + Acute Dialysis: No
- Skilled Nursing Facility

AKI: Yes + Acute Dialysis: Yes

- Hospice

- Death

- Other

Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B on January 1,
2019; aged ≥66 years; and hospitalized during calendar year.

Discharge status after hospitalization in Medicare FFS beneficiaries differed among those without AKI; those with AKI but not requiring
dialysis; and those with AKI requiring dialysis (Figure 4.6). Among patients who were hospitalized without AKI, 47.2% were discharged to
self-care at home and 22.0% were discharged with home health care. Among patients who were hospitalized with AKI not requiring dialysis,
corresponding percentages were 32.1% and 21.7%; and among patients who were hospitalized with AKI requiring dialysis, these
percentages were only 15.4% and 17.4%. In contrast, in-hospital mortality increased with worsening severity of AKI: 1.9% among patients
without AKI, 7.2% among patients with AKI not requiring dialysis, and 27.9% among patients with AKI requiring dialysis.
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Figure 4.7 Cumulative incidence of recurrent hospitalization with acute kidney injury following live discharge from first hospitalization with
acute kidney injury among older adults, 2015-2018
Overall
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Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B in 2015-2018, aged
≥66 years, and discharged alive from first hospitalization with AKI.

Figure 4.7 Cumulative incidence of recurrent hospitalization with acute kidney injury following live discharge from first hospitalization with
acute kidney injury among older adults, 2015-2018

Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B in 2015-2018, aged
≥66 years, and discharged alive from first hospitalization with AKI.
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Figure 4.7 Cumulative incidence of recurrent hospitalization with acute kidney injury following live discharge from first hospitalization with
acute kidney injury among older adults, 2015-2018

Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B in 2015-2018, aged
≥66 years, and discharged alive from first hospitalization with AKI.

Among Medicare FFS beneficiaries who were discharged alive after a first hospitalization with AKI in 2015-2018, the cumulative incidence of
recurrent hospitalization with AKI was 26.5% at 1 year and 35.1% at 2 years (Figure 4.7). Patients aged 66-69 years exhibited the highest
cumulative incidence of recurrent hospitalization with AKI of any age group, whereas those aged ≥85 years exhibited the lowest cumulative
incidence. The cumulative incidence of recurrent hospitalization with AKI among Black patients was 41.0% at 2 years, compared with 34.3%
among White patients. In patients with neither CKD nor DM, the cumulative incidence of recurrent hospitalization with AKI was 29.4% at 2
years, whereas in patients with both CKD and DM, the corresponding incidence was 47.6%. The cumulative incidence of recurrent
hospitalization with AKI among patients with HF was 44.3% at 2 years, but only 32.6% among patients without HF. Interestingly, although
patients who underwent dialysis during the index hospitalization with AKI were more likely to experience a recurrent hospitalization with AKI
during the 6 months following discharge, they were not more likely to experience a recurrent hospitalization with AKI during the 24 months
following discharge, likely due to the competing risk of death.
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Figure 4.8 Cumulative incidence of death and ESRD following live discharge from first hospitalization with acute kidney injury among
older adults, 2015-2018
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Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B in 2015-2018, aged
≥66 years, and discharged alive from first hospitalization with AKI.

Figure 4.8 Cumulative incidence of death and ESRD following live discharge from first hospitalization with acute kidney injury among
older adults, 2015-2018

- Overall
Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B in 2015-2018, aged
≥66 years, and discharged alive from first hospitalization with AKI.
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Figure 4.8 Cumulative incidence of death and ESRD following live discharge from first hospitalization with acute kidney injury among
older adults, 2015-2018

Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B in 2015-2018, aged
≥66 years, and discharged alive from first hospitalization with AKI.

Figure 4.8 Cumulative incidence of death and ESRD following live discharge from first hospitalization with acute kidney injury among
older adults, 2015-2018

Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B in 2015-2018, aged
≥66 years, and discharged alive from first hospitalization with AKI.

Among Medicare FFS beneficiaries aged ≥66 years who were discharged alive after hospitalization with AKI in 2015-2018, the cumulative
incidence of ESRD was 1.2% at 1 year and 1.7% at 2 years (Figure 4.8). In contrast, the cumulative incidence of death was 30.9% at 1 year
and 41.2% at 2 years. Thus, death was far more likely than ESRD following live discharge from hospitalization with AKI. With older age, the
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incidence of ESRD decreased, whereas the incidence of death increased. Specifically, among patients aged 66-69 years, the cumulative
incidence of ESRD was 3.5% at 2 years, whereas the cumulative incidence of death was 27.2%. In contrast, among patients aged ≥85
years, the cumulative incidence of ESRD was only 0.5%, whereas the 2-year cumulative incidence of death was 58.2%. The cumulative
incidence of ESRD at 2 years was much higher among Black patients and patients in other race/ethnicity groups than among White patients
(3.4% and 3.5%, respectively, versus 1.4%), although the incidence of death was similar.
Among patients with neither CKD nor DM, the cumulative incidence of ESRD was 0.6% at 2 years. In comparison, estimates of the
cumulative incidence of ESRD at 2 years were 1.2% among patients with DM alone, 2.7% among patients with CKD alone, and 5.3%among
patients with both CKD and DM. HF was associated with a higher cumulative incidence of both ESRD and death. Finally, patients who
underwent dialysis during the index hospitalization with AKI were far more likely to progress to ESRD following discharge than were
patients who did not undergo dialysis, and progression occurred quickly (16.3% versus 0.4% after 3 months). Dialysis during the index
hospitalization with AKI was associated with higher risk of early mortality but not with the cumulative incidence of death at 2 years following
discharge.

Figure 4.9 Clinical outcomes at 6 months following live discharge from first hospitalization with acute kidney injury among older adults,
2015-2018
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Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B in 2015-2018, aged
≥66 years, and discharged alive from first hospitalization with AKI.
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Figure 4.9 Clinical outcomes at 6 months following live discharge from first hospitalization with acute kidney injury among older adults,
2015-2018

Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B in 2015-2018, aged
≥66 years, and discharged alive from first hospitalization with AKI.

Figure 4.9 displays outcomes in the 6 months following discharge from a hospitalization with AKI among older Medicare FFS beneficiaries,
stratified by preexisting CKD status. Among patients without preexisting CKD, only 28.3% remained alive and without a diagnosis of CKD at
6 months following discharge. Meanwhile, 47.5% had been diagnosed with CKD, 0.3% had already progressed to ESRD, and 23.8% had
died. With advancing age, the percentage of patients who had died at 6 months following discharge increased. Among patients with DM,
52.0% had been diagnosed with CKD at 6 months following discharge, compared with 45.2% of those without DM. In contrast, HF was not
associated with likelihood of CKD diagnosis (but was associated with higher likelihood of death). Among patients who underwent dialysis
during the index hospitalization with AKI, 9.8% progressed to ESRD within 6 months following discharge, and 34.7% died; among patients
who did not undergo dialysis, 0.2% progressed to ESRD and 23.7% died within 6 months.
Among patients with preexisting CKD, 58.0% remained alive and in the same CKD stage at 6 months following discharge. Meanwhile,
16.8% had progressed to a more advanced stage of CKD, 2.0% had progressed to ESRD, and 23.8% had died. With advancing age, the
percentage of patients who had died at 6 months following discharge increased, whereas the percentages of patients who had progressed
to either a more advanced stage of CKD or ESRD decreased. Black patients were more likely than White patients to have progressed to
ESRD (3.3% versus 1.6%), as were patients with versus without DM (2.4% versus 1.4%). Among patients who underwent dialysis during
the index hospitalization with AKI, 22.1% progressed to ESRD within 6 months following discharge, and 37.4% died; 1.6% of patients who
did not undergo dialysis progressed to ESRD, and 23.0% died.
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Figure 4.10 Percentage of older adults with an outpatient visit to a nephrologist during the 6 months following live discharge from first
hospitalization with acute kidney injury, 2009-2018
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Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January
1, aged ≥66 years, and discharged alive from first hospitalization with AKI. Adjusted for age, sex, and race/ethnicity.

Figure 4.10 Percentage of older adults with an outpatient visit to a nephrologist during the 6 months following live discharge from first
hospitalization with acute kidney injury, 2009-2018

Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January
1, aged ≥66 years, and discharged alive from first hospitalization with AKI. Adjusted for age, sex, and race/ethnicity.

Among Medicare FFS beneficiaries who were discharged alive after a first hospitalization with AKI, the adjusted percentage with at least 1
outpatient nephrology visit during the 6 months after discharge continued to hover slightly below 13% in 2018 (Figure 4.10). Patients aged
≥85 years were less likely to have seen a nephrologist in the outpatient setting than were patients aged 66-84 years (8.8% versus
approximately 15%). Among patients with neither CKD nor DM, the adjusted percentage with an outpatient nephrology visit during the 6
months following discharge in 2018 was 5.3%. In contrast, among patients with CKD, corresponding percentages in 2018 were 20.3% in the
subgroup without DM and 24.2% in the subgroup with DM. Patients with HF were more likely to see a nephrologist within the 6 months
following discharge (15.8%) than those without HF (11.5%). Among patents who underwent dialysis during the index hospitalization with
AKI, 28.9% saw a nephrologist in the 6 months following discharge, in contrast to only 7.9% of patients who did not undergo dialysis.
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Figure 4.11 Chronic kidney disease status at 12 months following live discharge from first hospitalization with acute kidney injury among
older adults without CKD, 2009-2018
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Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January 1, aged ≥66 years, without pre-existing CKD,
and alive at 1 year after first hospitalization with AKI.

Figure 4.11 Chronic kidney disease status at 12 months following live discharge from first hospitalization with acute kidney injury among
older adults without CKD, 2009-2018

Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January 1,
aged ≥66 years, without pre-existing CKD, and alive at 1 year after first hospitalization with AKI.
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Figure 4.11 Chronic kidney disease status at 12 months following live discharge from first hospitalization with acute kidney injury among
older adults without CKD, 2009-2018

Data source: 5% sample of Medicare population. Each annual cohort comprised beneficiaries enrolled in Medicare Parts A and B on January 1, aged ≥66 years, without pre-existing CKD,
and alive at 1 year after first hospitalization with AKI.

In Medicare FFS beneficiaries without CKD who were hospitalized with AKI and who survived for 1 year after discharge, an increasing
percentage of patients were diagnosed with CKD between 2009 and 2018 (Figure 4.11). During this era, the percentage who were
diagnosed with CKD of unknown stage decreased from 39.6% in 2009 to 35.8% in 2018, but the percentage who were diagnosed with CKD
stage 1, 2, or 3 increased from 17.0% in 2009 to 29.4% in 2018. Interestingly, the percentage of patients who were diagnosed with CKD
stages 4 or 5 decreased modestly, from 7.5% in 2009 to 6.2% in 2018. Furthermore, the percentage of patients who progressed to ESRD
also decreased, from 0.82% in 2009 to 0.47% in 2018. Of note, among patients with DM, the percentage who were diagnosed with CKD
stages 4 or 5 decreased from 9.2% in 2009 to 7.0% in 2018, while the percentage who progressed to ESRD decreased from 1.0% in 2009
to 0.60% in 2018. If acute dialysis was administered during the index hospitalization with AKI in 2018, the percentage of patients who were
diagnosed with CKD or who progressed to ESRD exceeded 93%.
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Figure 4.12 Chronic kidney disease progression during 24 months following live discharge from first hospitalization with acute kidney
injury among older adults with CKD, 2015-2018
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Data source: 5% sample of Medicare population. The cohort comprised beneficiaries enrolled in Medicare Parts A and B in 2015-2018, aged ≥66 years, with pre-existing CKD, and
discharged alive from first hospitalization with AKI.

In Medicare FFS beneficiaries with CKD who were hospitalized with AKI in 2015-2018, percentages with maintenance of CKD stage,
progression of CKD stage, ESRD, and death at 1 year after discharge were 47.8%, 18.0%, 2.6%, and 31.6%, respectively (Figure 4.12). At
2 years after discharge, corresponding percentages were 36.3%, 18.1%, 3.3%, and 42.3%. Older patients had lower percentages with
ESRD at 1 and 2 years and higher percentages who had died at these times. Black patients were roughly twice as likely to develop ESRD
as White patients at 2 years after discharge (6.1% versus 2.7%), but percentages of other outcomes differed little between these groups.
Patients with DM had higher percentages diagnosed with ESRD than patients without DM, although the same pattern was not evident with
HF. Patients who underwent dialysis during hospitalization for AKI were much more likely to reach ESRD (17.3%) and to die (52.2%) within
2 years than those who did not receive dialysis (3.0% of whom reached ESRD and 42.1% of whom died).
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Figure 4.13 Quarterly number of adults who initiated outpatient dialysis for treatment of acute kidney injury, 2017-2019
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Data source: 5% sample of Medicare population. Patients were enrolled in Medicare Part B in 2017-2019 and aged ≥20 years. Crude counts
in the sample were multiplied by 20 to estimate national counts.

By a simple extrapolation from a 5% sample of the population of Medicare FFS beneficiaries aged ≥20 years, the number of patients who
initiated outpatient dialysis for the treatment of AKI was between 1560 and 1720 per quarter during 2017 and between 2020 and 2360 per
quarter during 2018 (Figure 4.13). In 2019, counts increased rapidly, reaching a peak of 3460 patients during the fourth quarter.

Figure 4.14 Cumulative incidence of death and ESRD after initiation of outpatient dialysis for treatment of acute kidney injury, 2017-2019
Death

ESRD

Death
60

Percentage

50
40
30
20
10
0

0

1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Follow-up time (months)
Data source: 5% sample of Medicare population. Patients were enrolled in Medicare Part B in 2017-2019 and aged ≥20 years.
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Figure 4.14 Cumulative incidence of death and ESRD after initiation of outpatient dialysis for treatment of acute kidney injury, 2017-2019

Follow-up time (months)
Data source: 5% sample of Medicare population. Patients were enrolled in Medicare Part B in 2017-2019 and aged ≥20 years.

Among Medicare FFS beneficiaries who initiated outpatient dialysis for AKI in 2017-2019, the cumulative incidence of death after the first
outpatient hemodialysis treatment session was 8.3% at 1 month, 18.5% at 3 months, and 36.6% at 12 months (Figure 4.14). Nearly half
died by two years after initiating outpatient dialysis for AKI. Meanwhile, the cumulative incidence of ESRD after the first outpatient
hemodialysis treatment session was only 6.9% at 1 month, but 35.0% at 3 months and 47.2% at 12 months.

S86

Summary
In the Medicare FFS population, the adjusted rate of hospitalization with AKI increased between 2009 and 2019, although changes between
2017 and 2019 were relatively small. Meanwhile, the adjusted rate of hospitalization with AKI-D exhibited very little change. Interestingly,
trends in rates exhibited substantial diversity among subgroups defined by CKD, DM, and HF. Among people with CKD, with or without DM,
rates of hospitalization with AKI were essentially stable from 2009 to 2019, but rates of hospitalization with AKI-D declined. By 2019, the
adjusted rate of hospitalization with AKI-D among people with both DM and CKD reached a new low, at less than 15 admissions per 1000
person-years. In contrast, among people without CKD, with or without DM, rates of hospitalization with AKI increased modestly between
2009 and 2019, but rates of hospitalization with AKI-D were stable. Among people with HF, the adjusted rate of hospitalization with AKI-D
increased over 20% between 2009 and 2019, whereas among people without HF, the corresponding rate changed very little. Amid all these
changes, the adjusted percentage of AKI hospitalizations with a nephrology consultation steadily declined, from over 35% in 2009 to only
25% in 2019. This collection of observations paints a complex picture, in which true changes in the incidence of AKI or AKI-D are difficult to
discern. It is likely that changes in AKI, CKD, and HF documentation have exerted some influence on the noted trends.
Patients who were hospitalized with AKI were more likely to be older and much more likely to have pre-existing CKD and HF than patients
hospitalized without AKI. Hospitalizations with AKI (but no need for dialysis) were more likely to result in discharge to either a skilled nursing
facility or hospice than hospitalizations without AKI, and hospitalizations with AKI-D were more likely to result in discharge to either a skilled
nursing facility or hospice than hospitalizations with AKI but no dialysis. Furthermore, in-hospital death occurred in 1.9% of hospitalizations
without AKI, but 7.2% of hospitalizations with AKI and 27.9% of hospitalizations with AKI-D. The risk of in-hospital death was especially high
in hospitalizations with AKI-D among people with neither CKD nor DM (38.7%).
More than 1 in 4 patients experienced a recurrent hospitalization with AKI within 1 year, and more than 1 in 3 patients experienced a
recurrent hospitalization with AKI within 2 years. The 2-year cumulative incidence of recurrent hospitalization with AKI was highest among
people with both CKD and DM (47.6%) and lowest among people with neither DM nor CKD (29.4%). The 2-year cumulative incidence of
recurrent hospitalization with AKI was also higher among people with HF (44.3%) than among people without HF (32.6%). Interestingly, the
2-year cumulative incidence of recurrent hospitalization with AKI was not strongly associated with whether dialysis was administered during
the index hospitalization with AKI. In contrast to the high risk of recurrent hospitalization with AKI, the risk of progression to ESRD was much
lower. Overall, the 2-year cumulative incidence of ESRD was 1.7% after hospitalization with AKI, although among people aged 66-69 years
and Black individuals, the 2-year cumulative incidence exceeded 3%. CKD and DM also appeared to modulate risk. In those with both CKD
and DM, the 2-year cumulative incidence of ESRD was 5.3%, but in those with neither CKD nor DM, the corresponding incidence was only
0.6%. Particularly striking was the association of acute dialysis during the index hospitalization with AKI with the short-term risk of
progression to ESRD. Among patients who underwent dialysis during the index hospitalization with AKI, 12.9% were diagnosed with ESRD
within one month after discharge; by 6 months after discharge, incidence reached 17.7%. In contrast, among patients who did not require
dialysis during the index hospitalization with AKI, only 0.1% and 0.6% were diagnosed with ESRD within 1 month and 6 months after
discharge, respectively.
The percentage of patients who saw a nephrologist in the outpatient setting within 6 months after hospitalization with AKI remained slightly
below 13% in 2019. Among all age brackets between 66 and 84 years, that percentage converged to approximately 15%, whereas among
patients aged ≥85 years, less than 9% of patients saw a nephrologist in the 6 months after discharge. Patients with CKD were much more
likely to see a nephrologist than patients without CKD, and patients with HF were modestly more likely to see a nephrologist than patients
without HF. Notably, 29% of patients who saw a nephrologist during the index hospitalization with AKI saw a nephrologist in the outpatient
setting in the 6 months after discharge, whereas only 8% of patients without an inpatient nephrology consultation saw a nephrologist in the
outpatient setting in the months after discharge.
We again examined claims for outpatient dialysis for AKI under the Medicare Part B coverage that began in 2017. Between the beginning of
2017 and the end of 2019, the number of adults who initiated outpatient dialysis for AKI each quarter steadily climbed, reaching nearly 3500
patients per month during the fourth quarter of 2019. The incidence of both death and ESRD in patients who initiate outpatient dialysis for
AKI is quite high. Setting aside whether patients progress to ESRD, the cumulative incidence of death was 36.6% at 12 months. This is
substantially higher than the 12-month incidence of death after the first outpatient dialysis session for the treatment of ESRD. Regarding
ESRD, 35% of patients who initiated outpatient dialysis for AKI were diagnosed with ESRD within 3 months and 45% were diagnosed within
6 months. These data, as well as the aforementioned risk of ESRD after hospitalization with AKI-D in patients with both CKD and DM,
suggests that the opportunity to stave off kidney failure in patients with advanced CKD who require dialysis in either the inpatient or
outpatient setting may be quite limited. The need for acute dialysis may serve as a sentinel event indicating that initiation of maintenance
dialysis is imminent. From a clinical point of view, the need for acute dialysis in patients with CKD could trigger preparatory steps such as
modality education, vascular access placement, and kidney transplant evaluation.
For more information, see the USRDS Annual Data Report website, Volume 1 Chronic Kidney Disease, Chapter 4. Acute Kidney Injury,
located here: https://adr.usrds.org/2021/chronic-kidney-disease/4-acute-kidney-injury
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Chronic Kidney Disease: Chapter 5

CKD Among Children and Adolescents
Highlights
The prevalence of decreased eGFR (<60 mL/min/1.73 m2) among children in the U.S. was low, at 0.5%, according to data from the
National Health and Nutrition Examination Survey (NHANES). The prevalence was higher in Black adolescents compared with White
adolescents and lower in adolescents of Hispanic ethnicity (Table 5.1).
Among children with either commercial or Medicaid insurance, hypertension (HTN) was present in 12% who had a diagnosis of CKD
(Table 5.3); failure to thrive was present in 8-9% of children with congenital anomalies of the kidney and urinary tract (CAKUT) without
a diagnosis of CKD or among children with diagnosed CKD. Short stature was present in 4% of children with CAKUT. This was similar
to the prevalence of short stature among children with CKD (3.6% and 3.1% in children with commercial insurance and Medicaid,
respectively).
In the subgroup of children with commercial insurance and kidney disease (i.e., CAKUT and/or CKD) in 2019, the most common
kidney disorder was CAKUT (Figure 5.1) across all age groups. The percentage of children with glomerulonephritis (GN) increased
with increasing age. Non-White children were more likely to have GN than White children.
The adjusted incidence of all-cause hospitalizations among children was lowest in those without CKD or CAKUT in 2019 (10.3 per
1000 person-years) who had commercial insurance (Figure 5.2a) and highest in children insured by Medicaid with CKD (279 per 1000
person-years). The adjusted incidence of all-cause hospitalization was intermediate for children with commercial insurance who had
CAKUT (132 per 1000 person-years) and CKD (105 per 1000 person-years).
Hospitalization incidence was highest among children aged 13-17 years who had CAKUT or CKD. For children with CAKUT, the rate
of hospitalization was highest for Black children and lowest for Hispanic children. For children with CKD, the rate of hospitalization was
highest for White children and lowest for Hispanic children (Figure 5.2b).
Hospitalization for infection-related causes was higher in children with CKD and lower in children with CAKUT. Infection-related
hospitalizations were more common in children with CKD insured by Medicaid than in children with commercial insurance. Racial and
ethnic variation in infection-related hospitalizations were also observed, with hospitalizations for infections more common in the Asian
population and least common in the Hispanic population of children with CAKUT or CKD (Figure 5.3).
Per person per year (PPPY) spending for children with CAKUT was more than 10-fold higher for children with CKD compared with
those without CAKUT or CKD with commercial insurance. PPPY spending was highest for Black children with CAKUT without CKD but
lowest for Black children with CKD with Commercial insurance (Figure 5.4).

Introduction
This chapter presents estimates of pediatric CKD prevalence in the U.S. and examines rates of hospitalization among children with kidney
disease. Most chapters in the CKD volume are based on examination of the Medicare 5% random sample. However, this dataset is not
suitable for investigation of CKD in children. In the 2021 Annual Data Report (ADR), we use several alternative data sources to address
kidney disease in children. First, NHANES includes kidney function testing for children aged 12-17 years. Second, we use data from the

Optum® de-identified Clinformatics® Data Mart Database, which includes participants in the commercial insurance plans derived from a
large adjudicated data warehouse of commercial and Medicare Advantage claims. Third, we introduce new data from Medicaid, which is a
source of insurance coverage for a large percentage of children with CKD. Children with ESRD are not included in this chapter.
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Methods
NHANES includes data derived from interviews, physical examinations, and laboratory testing among biennial cross-sectional cohorts that
are designed to be representative of the non-institutionalized U.S. population, with oversampling of certain subgroups to increase reliability
and precision of health indicator estimates. Laboratory testing is performed among children aged 12-17 years. NHANES data are used to
estimate the prevalence of low estimated glomerular filtration rate among children in the U.S. based on a single serum creatinine

determination and using the “Bedside Schwartz” equation (Schwartz et al., 2009). We also utilized data from the Optum® de-identified
Clinformatics® Data Mart Database, which provides insight into a younger, employed population and their dependent children, representing
all areas of the country.
New in the 2021 ADR, we include data on Medicaid beneficiaries with a CKD diagnosis in 2018 or 2019. The Medicaid database available to
the USRDS included Medicaid beneficiaries with at least 1 International Classification of Diseases, Tenth Revision, Clinical Modification
(ICD-10-CM) code for CKD. However, most codes for congenital anomalies of the kidney and urinary tract (CAKUT) were not included in the
list of CKD codes. Therefore, we included children with CAKUT diagnoses without CKD diagnoses in the Optum® de-identified
Clinformatics® Data Mart Database into a separate category in order to create a CKD category that would be comparable to the Medicaid
CKD population.
We used these data sources to estimate the prevalence of CKD among children in the U.S., to describe demographics, co-morbid
conditions, and type of kidney disorders, and to examine rates of hospitalization and the cost of care for children with CAKUT and CKD.
Specifically, when describing patient demographic characteristics and determining prevalence of a comorbid condition or type of kidney
disorder, we utilized a point prevalent cohort of commercial insurance plan or Medicaid enrollees on December 31, 2019 who were aged 017 years, had at least 1 year of health insurance coverage, did not have ESRD, and were alive on December 31, 2019. When showing rates
of hospitalization or cost of care in 2019, we used a point prevalent cohort who met criteria similar to the above on January 1, 2019; the
previous year (2018) served as a baseline period. Follow-up began on January 1, 2019 and ended at the earliest date of death, loss of
insurance coverage, onset of ESRD, or December 31, 2019. We examined these outcomes by age and by sex among children in the
Optum® de-identified Clinformatics® Data Mart Database (referred to as the “Commercial cohort”) and Medicaid (“Medicaid cohort”)
databases. However, we limited stratification by race/ethnicity to the commercially insured population because data on race/ethnicity are
missing entirely for the Medicaid beneficiaries for many states and are missing for the majority of beneficiaries in other states. Thus,
categorization by race/ethnicity is not possible for a representative U.S. population.

Table 5.1 Prevalence of eGFR <60 mL/min/1.73m² among children aged 12-17 in NHANES
Percentage (95% CI)
2003-2010

2011-2018

0.57 (0.36, 0.77)

0.51 (0.19, 0.83)

Female

0.24 (0.00, 0.60)

0.29 (0.00, 0.64)

Male

0.87 (0.41, 1.33)

0.72 (0.23, 1.22)

White

0.52 (0.24, 0.79)

0.54 (0.01, 1.06)

Black

1.28 (0.66, 1.89)

0.95 (0.17, 1.72)

Hispanic

0.36 (0.00, 0.72)

0.33 (0.00, 0.71)

Overall
Sex

Race/Ethnicity

Data source: NHANES. Subjects aged 12-17 years with serum creatinine and height measurements in 2003-2010 and 2011-2018. Abbreviations: eGFR, estimated glomerular filtration
rate calculated using the Bedside Schwartz equation; CI, confidence interval; NHANES, National Health and Nutrition Examination Survey.

Table 5.1 shows the estimated prevalence of low eGFR in adolescents in the U.S. based on NHANES data. Overall, the prevalence of
decreased eGFR in adolescents declined from 0.57% in 2003-2010 to 0.51% in 2011-2018 (Table 5.1). The prevalence of decreased eGFR
was higher in boys than in girls and higher in Black than in White adolescents. The prevalence of decreased eGFR was lower in Hispanic
adolescents (0.33% in 2011-2018) than in White adolescents.
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Table 5.2 Demographic characteristics of children, 2019
Commercial

Medicaid

No CAKUT, No CKD

CAKUT, No CKD

CKD

CKD

(N=1,722,062)

(N=2,244)

(N=2,563)

(N=44,301)

Age (years)
0-5

25.6

47.4

41.4

41.3

6-12

41.4

34.6

31.8

31.5

13-17

33.0

18.0

26.8

25.2

Female

48.9

49.3

42.4

42.2

Male

51.1

50.7

57.6

57.8

White

52.3

46.6

45.8

-

Black

5.6

3.6

3.7

-

Hispanic

9.8

8.0

8.5

-

Asian

5.2

4.0

5.0

-

Unknown

27.0

37.9

37.0

-

Sex

Race/Ethnicity

Data source: Medicaid database (for Medicaid cohort) and Optum® de-identified Clinformatics® Data Mart database (for Commercial cohort). December 31, 2019 point prevalent enrollees
in the Commercial cohort and those with CKD diagnosis in the Medicaid cohort, aged 0-17 years. Abbreviation: CAKUT, congenital anomalies of the kidney and urinary tract.

The prevalence of kidney disease (CAKUT or CKD) among children with commercial insurance was 0.3% in 2019 (Table 5.2). CKD (which
included cystic kidney disease) was relatively more common, as a percentage, in boys than in girls, irrespective of insurance type. A
relatively higher percentage of the youngest children (those aged 0-5 years) had CKD or CAKUT. Conclusions about the distribution of
CAKUT or CKD by race/ethnicity are difficult to render because of the high overall percentage of children with unknown race/ethnicity – a
percentage which was higher among children with CAKUT or CKD than among those without.

Table 5.3 Prevalence of comorbid conditions among children (%), 2019
Commercial

Medicaid

No CAKUT, No CKD

CAKUT, No CKD

CKD

CKD

(N=1,722,062)

(N=2,244)

(N=2,563)

(N=44,301)

Hypertension

0.1

2.9

11.5

11.8

Obesity

4.5

4.6

6.8

8.9

Failure to thrive

2.1

8.5

8.3

9.1

Short stature

0.8

4.0

3.6

3.1

Data source: Medicaid database (for Medicaid cohort) and Optum® de-identified Clinformatics® Data Mart database (for Commercial cohort). December 31, 2019 point prevalent enrollees
in the Commercial cohort and those with CKD diagnosis in the Medicaid cohort, aged 0-17 years. Abbreviation: CAKUT, congenital anomalies of the kidney and urinary tract.

Hypertension was more common in children with CAKUT (2.9%) and CKD (11.5% among enrollees with commercial insurance; 11.8% in
Medicaid beneficiaries) compared with commercially insured children without CAKUT or CKD (Table 5.3). Among commercially insured
children, those with a diagnosis of CAKUT or CKD were more likely to have failure to thrive (8.5% and 8.3 %, respectively). Similarly, 9.1%
of children with CKD insured by Medicaid had failure to thrive. Short stature was present in 4% of children with CAKUT but no CKD and
3.6% (commercial insurance) and 3.1% (Medicaid) of children with CKD.
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Figure 5.1 Kidney disorders by type in children with kidney disease, 2019

Data source: Optum® de-identified Clinformatics® Data Mart database. December 31, 2019 point prevalent enrollees with kidney disease,
aged 0-17 years. Abbreviations: CAKUT, congenital anomalies of the kidney and urinary tract; GN, glomerulonephritis; NOS, not otherwise
specified.

Figure 5.1 Kidney disorders by type in children with kidney disease, 2019

Data source: Optum ® de-identified Clinformatics® Data Mart database. December 31, 2019 point prevalent enrollees with kidney disease,
aged 0-17 years. Abbreviations: CAKUT, congenital anomalies of the kidney and urinary tract; GN, glomerulonephritis; NOS, not otherwise
specified.
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Figure 5.2a All-cause hospitalization rates for children, 2019
Adjusted

Unadjusted

Adjusted
Hospitalizations per 1000 person-years

300
250
200
150
100
50
0

Commercial
No CAKUT
No CKD

Commercial
CAKUT
No CKD

Commercial
CKD

Medicaid
CKD

Data source: Medicaid database (for Medicaid cohort) and Optum® de-identified Clinformatics® Data Mart database (for Commercial cohort).
January 1, 2019 point prevalent enrollees in the Commercial cohort and those with CKD diagnosis in the Medicaid cohort, aged 0-17 years.
Age and sex were used in adjusted analyses. Abbreviation: CAKUT, congenital anomalies of the kidney and urinary tract.

The adjusted incidence of all-cause hospitalizations for commercially insured children was lowest in those without either CKD or CAKUT in
2019 (10.3 per 1000 person-years, Figure 5.2a). Children with CAKUT but no diagnosis of CKD were hospitalized more often (132.2 per
1000 person-years) than children with CKD (104.6 per 1000 person-years). The highest rate of hospitalization was among children with
Medicaid who had CKD (278.7 per 1000 person-years).

Figure 5.2b All-cause hospitalization rates for children, by demographics, 2019
Sex

Race/Ethnicity

By Age
Hospitalizations per 1000 person-years

Age

400

300

200

100

0

Commercial
No CAKUT
No CKD

Commercial
CAKUT
No CKD
- 0-5 Years

- 6-12 Years

Commercial
CKD

Medicaid
CKD

- 13-17 Years

Data source: Medicaid database (for Medicaid cohort) and Optum® de-identified Clinformatics® Data Mart database (for Commercial cohort).
January 1, 2019 point prevalent enrollees in the Commercial cohort and those with CKD diagnosis in the Medicaid cohort, aged 0-17 years.
Abbreviation: CAKUT, congenital anomalies of the kidney and urinary tract.
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Figure 5.2b All-cause hospitalization rates for children, by demographics, 2019

Data source: Medicaid database (for Medicaid cohort) and Optum® de-identified Clinformatics® Data Mart database (for Commercial cohort).
January 1, 2019 point prevalent enrollees in the Commercial cohort and those with CKD diagnosis in the Medicaid cohort, aged 0-17 years.
Abbreviation: CAKUT, congenital anomalies of the kidney and urinary tract.

Figure 5.2b All-cause hospitalization rates for children, by demographics, 2019

Data source: Medicaid database (for Medicaid cohort) and Optum® de-identified Clinformatics® Data Mart database (for Commercial cohort).
January 1, 2019 point prevalent enrollees in the Commercial cohort and those with CKD diagnosis in the Medicaid cohort, aged 0-17 years.
Abbreviation: CAKUT, congenital anomalies of the kidney and urinary tract.
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Figure 5.3 Cause-specific hospitalization rates for children with kidney disease, 2019
Overall

Age

Sex

Race/Ethnicity
Infection

Non-Infection

Hospitalizations per 1000 person-years

Hospitalization for Infectious Disease, All Patients
80

60

40

20

0

Commercial
CAKUT
No CKD

Commercial
CKD

Medicaid
CKD

Data source: Medicaid database (for Medicaid cohort) and Optum® de-identified Clinformatics® Data Mart database (for Commercial cohort). January 1, 2019 point prevalent
enrollees with kidney disease in the Commercial cohort and those with CKD diagnosis in the Medicaid cohort, aged 0-17 years. Abbreviation: CAKUT, congenital anomalies of
the kidney and urinary tract.

Figure 5.3 Cause-specific hospitalization rates for children with kidney disease, 2019

Data source: Medicaid database (for Medicaid cohort) and Optum® de-identified Clinformatics® Data Mart database (for Commercial cohort). January 1, 2019 point prevalent enrollees with
kidney disease in the Commercial cohort and those with CKD diagnosis in the Medicaid cohort, aged 0-17 years. Abbreviation: CAKUT, congenital anomalies of the kidney and urinary tract.

Hospitalizations for infection were most common in children with CKD (Figure 5.3). The rate of hospitalization for infection among children
with CKD and Medicaid coverage was more than 2.5 times the rate among children with commercial insurance. The risk of infection-related
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hospitalization steadily increased with age for commercially insured children with CAKUT, from 16.5 per 1000 person-years in children 0-5
years to 37.6 per 1000 person-years in children aged 13-17 years. The reverse was observed in the rate of hospitalizations for infections in
children with CKD, which was lowest in children aged 13-17 years (9.2 per 1000 person-years in children with commercial insurance and 56
per 1000 person-years in those with Medicaid). Among commercially insured children with CAKUT and with CKD, hospitalizations for
infections were most common in Asian children and least common in the Hispanic children.
Hospitalization for non-infection-related causes followed similar patterns as for infection-related hospitalization overall and by age. The
overall rate was much higher among children with CKD and Medicaid coverage than among those with commercial insurance.
Hospitalization was more common among older children. However, the race/ethnicity distribution was different than for infection-related
hospitalization. Black children with CAKUT were more likely to be hospitalized than children in other race/ethnicity groups, and White
children with CKD were more likely to be hospitalized.

Figure 5.4 Per person per year spending for children, 2019
Age

Sex

Race/Ethnicity

Overall
25,000

20,000
PPPY costs ($)

Overall

15,000

10,000

5000

0

No CAKUT, No CKD

CAKUT, No CKD

CKD

Data source: Optum® de-identified Clinformatics® Data Mart database. January 1, 2019 point prevalent enrollees aged 0-17 years.
Abbreviation: CAKUT, congenital anomalies of the kidney and urinary tract.
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Figure 5.4 Per person per year spending for children, 2019

Data source: Optum® de-identified Clinformatics® Data Mart database. January 1, 2019 point prevalent enrollees aged 0-17 years.
Abbreviation: CAKUT, congenital anomalies of the kidney and urinary tract.

S96

Summary
According to cross-sectional NHANES data, the prevalence of decreased eGFR rate in children in the U.S. is low (0.51% in 2011-2018).
Furthermore, the prevalence would be lower if 2 abnormal measurements of kidney function were required to make a diagnosis of CKD as
recommended by international guidelines (Kidney Disease: Improving Global Outcomes CKD Workgroup, 2013). The prevalence of low
eGFR is higher among Black children in the U.S. than among children of other race/ethnicity groups. Among commercially insured children,
the percentage with a diagnosis of CAKUT or CKD was 0.3%, and boys were more likely to have CKD than girls.
Hypertension was a common comorbidity among children with either commercial or Medicaid insurance. In general, children with CAKUT
had similar rates of comorbidities as those with CKD, except that there was a lower prevalence of hypertension in children with CAKUT
without a concomitant diagnosis of CKD. Thus, CAKUT is likely diagnosed only when it is clinically relevant, and the distinction between
CAKUT and CKD may not be a meaningful one. However, the 2019 Medicaid data available to the USRDS contains only children with a
CKD diagnosis, and those with CAKUT diagnoses without a CKD diagnosis are not included. In future years, we will request data for
children with CAKUT as well as CKD.
Although it is difficult to confirm the cause of kidney disease using administrative databases, most children with a kidney disorder had a
CAKUT. The second most common diagnosis was CKD not otherwise specified, followed by GN. In children with a kidney disease, CAKUT
occurred more often among White children; glomerulonephritis occurred more often among non-White children.
Rates of hospitalization were more than 10 times as high in children either CAKUT or CKD as among children without CAKUT or CKD. The
highest hospitalization rate was observed among children with CKD insured by Medicaid, suggesting the presence of socioeconomic
disparities. Although the rate of hospitalization was highest for Black children and lowest for Hispanic children in those with CAKUT but
without a CKD diagnosis, the rate of hospitalization was highest for White children with a diagnosis of CKD. The reasons for these racial and
ethnic variations are unknown and deserve further study, but relatively low numbers of children studied certain race/ethnicity subgroups
requires that the results should be interpreted with caution.
The cost of care was 10-fold higher for children with CKD compared with children without CKD or CAKUT. Variations in healthcare spending
were noted by age and race/ethnicity, with higher PPPY spending among children aged 13-17 years and non-White children with CKD than
their counterparts in other age and race/ethnicity groups. The cost of care for Black children with CAKUT was higher than for children in
other race/ethnicity groups but the cost was lower for Black children with CKD. Not surprisingly, these patterns mirror the patterns of
hospitalization by race/ethnicity. However, it is important to note that race and ethnicity were missing for over one quarter of commercially
insured children, which could distort comparisons by race/ethnicity, particularly if race/ethnicity is more likely to be missing for some races
than for others. Furthermore, data on race/ethnicity were missing completely for many states in the Medicaid data, making it impossible to
present unbiased stratifications by race/ethnicity in this population. Nevertheless, further studies are needed to understand differences in
hospitalization and other outcomes among children with CAKUT and CKD across race/ethnicity groups.
For more information, see the USRDS Annual Data Report website, Volume 1 Chronic Kidney Disease, Chapter 5. CKD Among Children
and Adolescents, located here: https://adr.usrds.org/2021/chronic-kidney-disease/5-ckd-among-children-and-adolescents
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Chronic Kidney Disease: Chapter 6

Healthcare Expenditures for Persons with CKD
Highlights
Total Medicare fee-for-service (FFS) spending for beneficiaries with CKD who did not have ESRD was $87.2 billion in 2019,
representing 23% of total Medicare FFS expenditures (Tables 6.1 and 6.2).
Per person per year (PPPY) costs were 15.5% higher among commercially insured individuals with CKD ($26,775) than among
Medicare Advantage beneficiaries with CKD ($23,174), which may reflect an older Medicare Advantage population (Table 6.1).
In 2019, 13.6% of Medicare FFS beneficiaries aged ≥66 or older had a diagnosis of CKD, yet they accounted for nearly one-quarter of
total Medicare FFS spending (Figure 6.1), at over $75.9 billion (Table 6.1).
PPPY costs for individuals aged ≥66 years with CKD (excluding costs for ESRD) were approximately twice those for persons without
CKD (Table 6.1).
In contrast to the older CKD population, PPPY costs were lower for commercially insured individuals with CKD ($25,319) than for
those with Medicare Advantage ($38,544) (Table 6.2).
Inflation-adjusted PPPY costs for Medicare FFS beneficiaries with CKD decreased from 2009 to 2016 and then remained relatively
unchanged (Figure 6.3). PPPY costs for all beneficiaries with CKD decreased from approximately $30,340, in 2009 to approximately
$24,441 in 2016 – a decrease of approximately 19%.
In 2019, PPPY costs for beneficiaries with stages 4 and 5 CKD were about 40% higher than for beneficiaries with stage 3 CKD (Table
6.3).
Among individuals with stage 3 or stages 4-5 CKD, overall PPPY spending was higher for Black than for White individuals in Medicare
FFS, and, especially, Medicare Advantage. In contrast, PPPY spending for Black individuals was lower than in White individuals
among the commercially insured population (Table 6.4).
Medicare FFS Part A, B, and D inflation-adjusted expenditures for beneficiaries aged ≥66 years increased only 0.9%, to $308.5B
(Figure 6.4), between 2018 and 2019. However, expenditures for beneficiaries with CKD increased far more (4.1% over one year).
In inflation-adjusted dollars, total spending among Medicare FFS beneficiaries with CKD increased nearly 62% in the decade between
2009 and 2019 (Figure 6.5). Skilled nursing facility costs increased by 33%, inpatient costs by 34%, physician/supplier costs by 59%,
outpatient costs by 141%, and Part D costs by 189%.
In 2019, cardiovascular causes were responsible for 24.4% of inpatient expenditures (a decrease from 27.9% in 2009) and infection
for 18.8% (relatively unchanged from 18.9% in 2009) among adults with CKD (Figure 6.6). Expenditures for fracture-related
hospitalizations increased to 4.8% of total expenditures in 2019 from 3.2% in 2009 – an absolute increase of only 1.6%, yet a relative
increase of 50%.

Introduction
Persons with chronic kidney disease (CKD) not requiring kidney replacement therapy often have extensive healthcare needs and
concomitant co-existing illnesses. This chapter assesses the cost of caring for individuals with CKD using the Medicare 5% sample of FFS
beneficiaries. In addition, for the 2021 ADR, we have reintroduced data from the Optum® de-identified Clinformatics® Data Mart database,
which includes 2019 claims for a subset of beneficiaries enrolled in Medicare Advantage as well as those enrolled in many commercial
insurance programs. Thus, we present current spending and trends in spending over time by CKD status/stage, by patient demographic
characteristics (age, sex, and race/ethnicity), and by the presence of comorbidities such as diabetes (DM) and heart failure (HF) in
beneficiaries/enrollees of these insurance programs.
We examine costs for hospitalization overall and by cause, and we divide spending into general categories (e.g., inpatient costs, physician/
supplier costs, etc.). We estimate medication costs for Medicare FFS Part D beneficiaries, but it is important to note that because Medicare
FFS beneficiaries have many options to purchase prescription drugs, claims filled through Part D do not represent the cost to Medicare of all
medications prescribed to beneficiaries. In addition to estimating PPPY costs, we have added estimated PPPY costs among beneficiaries
with Part D coverage (specifically) where applicable and relevant, in order to better estimate total per-person costs.
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It is important to note that our analyses represent an estimate of the costs of care among individuals with recognized CKD. There may be
under-identification of CKD related to lack of clinical recognition of disease or lack of diagnostic coding even if disease is recognized, both
of which are more likely to occur at earlier stages of disease. Under-recognition of disease occurring more commonly at earlier stages
would be expected to lead to underestimation of the total costs of CKD and an overestimation of the PPPY costs, assuming that costs are
higher among those with more advanced disease. Any changes in the rates of disease recognition over time could affect estimates of the
trends in spending on patients with CKD.
Although we present total costs among beneficiaries with CKD, it is not possible to ascertain whether or to what extent these costs were
specifically related to care for CKD per se rather than for other conditions these individuals may have, such as hypertension HTN, DM, HF,
atherosclerotic vascular disease, etc. To partially address this limitation, we present data on costs among beneficiaries with CKD with or
without DM and HF, two particularly common and expensive comorbid conditions.

Methods
This chapter includes data for Medicare FFS beneficiaries who reside in the 50 states, District of Columbia, or territories from the Medicare

5% sample as well as for a large number of enrollees in Medicare Advantage and commercial insurance plans encompassed by Optum®
de-identified Clinformatics® Data Mart Database. The Optum® de-identified Clinformatics® Data Mart Database contains only a sample of
Medicare beneficiaries and enrollees of commercial insurance plans. For this ADR, no longitudinal data is available from this database;
thus, only data from 2019 is presented.
Most results reported in this chapter are annual cohorts for individuals who were aged ≥66 years on January 1 of the reported year, except
for Tables 6.2 and 6.4, which show costs for individuals aged 18-65 years. Cohort members were alive and without ESRD for the prior year.
In addition, they were continuously and exclusively enrolled for all of the prior year in their respective plans: Medicare Parts A and B, and,
for enrollees of contained in Optum® Clinformatics® Data Mart Database, Medicare Advantage or commercial insurance. We ascertained
individuals’ CKD status, stage of CKD, and presence of other comorbid conditions (e.g., DM and HF) based on diagnosis codes during the
prior year. Individuals were followed from January 1 to December 31 of each year, with censoring at the date of death, development of
ESRD, or the end of Medicare Parts A and B enrollment (including a switch to a Medicare Advantage program for Medicare FFS
beneficiaries), or, analogously, the end of Medicare Advantage or commercial plan coverage for those in Optum® de-identified
Clinformatics® Data Mart Database. Patient-years at risk were calculated as the number of follow-up days divided by 365.25.
We defined costs for FFS beneficiaries as insurance expenditures rather than true economic costs, using claims from Medicare Parts A, B,
and D based on the Medicare 5% sample for calendar years 1999-2019. For each year, all Medicare paid costs with a claim admission date
within the year were aggregated. We multiplied total Medicare spending in each year by 20 to estimate the 100% Medicare FFS
expenditures. We produced PPPY costs by dividing the total cost by total patient-years at risk during the follow-up period in each year. In
this year’s ADR for trend analysis, we adjusted for inflation using the medical care component of the Consumer Price Index
(https://data.bls.gov/timeseries/CUUR0000SAM?output_view=data); costs were expressed in 2019 U.S. dollars.
In Optum® de-identified Clinformatics® Data Mart database, Optum assigns a standard price that reflects allowed payments for all claims
regardless of insurer (Clinformatics® Data Mart User Manual, Version 8). In other words, a claim for inpatient, outpatient, professional, or
pharmacy services is assigned the same price for a Medicare Advantage beneficiary as for a commercially insured individual, even though
the paid amounts would likely differ (and neither would likely equal the assigned price). Therefore, costs for Medicare Advantage and
commercially insured beneficiaries are not directly comparable to Medicare FFS costs, and costs cannot be compared directly across the 3
insurance programs.
Note that some figures show CKD by stages (i.e., display separate groups labelled by specific stage of CKD). Individuals with unknown or
unspecified stage of CKD (representing approximately 19% of Medicare FFS beneficiaries aged ≥66 years with CKD in 2019) are not
included in any stage-specific group. However, patients with unknown or unspecified stage of CKD are included in the CKD group in figures
that contrast “No CKD” with “CKD.”
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Figure 6.1 Distribution of prevalence and annual spending among older adults with CKD (excluding ESRD), diabetes, and heart failure,
2019

Percentage of population (n=24.53M)

Percentage of costs (total $308.55B)

● None: 65.5

● None: 47.6

Data Source: Medicare 5% sample (Medicare FFS beneficiaries, multiplied by 20 to represent 100% Medicare FFS). Point prevalent individuals aged ≥66 years on
January 1, 2019 with Medicare Parts A and B coverage in 2018. Costs reported are Medicare paid costs for Parts A, B, and D.

In 2019, 13.6% of the >24.5 million Medicare FFS beneficiaries aged ≥66 years had a diagnosis of CKD, yet they accounted for nearly onequarter of total Medicare FFS spending (Figure 6.1). DM and HF were also expensive conditions for which the percentage of total
expenditures exceeded the proportion of the population affected. There was considerable overlap among these chronic conditions, and care
for those with more than 1 condition was even more expensive. Approximately 62% of beneficiaries with CKD also had DM, HF, or both DM
and HF; this subset represented approximately 72% of the costs of individuals with CKD.

Table 6.1 Prevalence and annual spending among older adults, with and without CKD (excluding ESRD), diabetes, and heart failure, 2019
Medicare FFS

Medicare Advantage
U.S. Medicare
Population

Commercial
Total Spending (millions,
U.S. $)

Parts A & B PPPY
(U.S. $)

Parts A, B, & D PPPY
(U.S. $)

Population
(%)

Spending
(%)

ALL

24,529,840

$308,549

$11,179

$14,641

100.0

100.0

No CKD

21,188,140

$232,603

$9,697

$12,741

86.4

75.4

All CKD (+/- DM & HF)

3,341,700

$75,946

$21,015

$26,508

13.6

24.6

All DM (+/- CKD & HF)

5,873,400

$107,932

$15,907

$21,055

23.9

35.0

All HF (+/- DM & CKD)

2,301,920

$65,047

$27,456

$33,557

9.4

21.1

No CKD or DM or HF

16,069,000

$146,771

$8,171

$10,571

65.5

47.6

With CKD or DM or HF

8,460,840

$161,778

$17,078

$21,914

34.5

52.4

CKD only (- DM & HF)

1,273,220

$21,508

$15,458

$19,070

5.2

7.0

DM only (- HF & CKD)

3,747,380

$52,471

$11,684

$15,831

15.3

17.0

HF only (- DM & CKD)

905,260

$20,157

$21,306

$25,710

3.7

6.5

CKD and DM only (- HF)

1,138,320

$22,753

$17,145

$22,984

4.6

7.4

CKD and HF only (- DM)

408,960

$12,181

$31,173

$36,277

1.7

3.9

DM and HF only (- CKD)

466,500

$13,204

$26,076

$32,979

1.9

4.3

CKD and DM and HF

521,200

$19,504

$37,229

$45,943

2.1

6.3

CKD and DM (+/- HF)

1,659,520

$42,257

$23,064

$29,935

6.8

13.7

CKD and HF (+/- DM)

930,160

$31,685

$34,571

$41,807

3.8

10.3

DM and HF (+/- CKD)

987,700

$32,709

$31,799

$39,648

4.0

10.6

Data Source: Medicare 5% sample (Medicare FFS beneficiaries multiplied by 20 to represent 100% Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database
(Medicare Advantage and commercial insurance). Point prevalent individuals aged ≥66 years or older on January 1, 2019, with Medicare Parts A and B or commercial insurance coverage.
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Table 6.1 Prevalence and annual spending among older adults, with and without CKD (excluding ESRD), diabetes, and heart failure, 2019

Data Source: Medicare 5% sample (Medicare FFS beneficiaries multiplied by 20 to represent 100% Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database
(Medicare Advantage and commercial insurance). Point prevalent individuals aged ≥66 years or older on January 1, 2019, with Medicare Parts A and B or commercial insurance coverage.

Table 6.1 Prevalence and annual spending among older adults, with and without CKD (excluding ESRD), diabetes, and heart failure, 2019

Data Source: Medicare 5% sample (Medicare FFS beneficiaries multiplied by 20 to represent 100% Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database
(Medicare Advantage and commercial insurance). Point prevalent individuals aged ≥66 years or older on January 1, 2019, with Medicare Parts A and B or commercial insurance coverage.

Regardless of insurer, annual per-person costs for individuals aged ≥66 years with CKD (not including costs for ESRD) were approximately
twice those for persons without CKD (Table 6.1). For example, in Medicare FFS, PPPY costs attributable to Parts A and B (alone) in
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beneficiaries with CKD were $21,015 – more than double the costs for those without CKD ($9,697). Beneficiaries with CKD only, at a PPPY
cost for Parts A and B of $15,458, cost nearly double those without CKD, DM, or HF ($8,171).
Comparing Parts A and B costs among patients with CKD with costs among individuals with other major medical conditions, Parts A and B
PPPY costs were higher for individuals with CKD alone ($15,458) than for those with DM alone ($11,684) but lower than for beneficiaries
with HF alone ($21,306). Beneficiaries with all 3 conditions had PPPY costs of $37,229 or about 4.5-fold higher than for beneficiaries with
none. The presence of CKD among FFS beneficiaries with DM (but without HF) was associated with 47% higher Parts A and B costs
($17,145 compared with $11,684); analogously, costs in the subset of beneficiaries with HF and CKD were approximately 62% higher than
for those with HF but no CKD ($34,571 compared with $21,306).
Direct comparisons of Medicare FFS PPPY costs with those Medicare Advantage and commercial insurance are not valid because of
different methods of operationalizing costs using Medicare claims versus Optum® de-identified Clinformatics® Data Mart Database. However,
the general patterns observed for PPPY costs in FFS beneficiaries held for the other insurance types, with substantially higher costs for
patients with CKD than for those without. Given that Medicare Advantage and commercial claims are assigned the same costs in

Optum® de-identified Clinformatics® Data Mart Database, differences in cost between them represent differences in healthcare utilization.
PPPY costs were 15.5% higher among commercially insured individuals with CKD ($26,775) than among Medicare Advantage beneficiaries
with CKD ($23,174), which may reflect an older Medicare Advantage population.

Table 6.2 Prevalence and annual spending among younger adults, with and without CKD (excluding ESRD), diabetes, and heart failure,
2019
Medicare FFS

Medicare Advantage
U.S. Medicare
Population

Commercial
Total Spending (millions,
U.S. $)

Parts A & B PPPY
(U.S. $)

Parts A, B, & D PPPY
(U.S. $)

Population
(%)

Spending
(%)

ALL

4,429,600

$70,144

$10,737

$19,600

100.0

100.0

No CKD

4,094,560

$58,861

$9,523

$17,813

92.4

83.9

All CKD (+/- DM & HF)

335,040

$11,282

$26,182

$40,546

7.6

16.1

All DM (+/- CKD & HF)

1,000,760

$25,307

$17,357

$29,974

22.6

36.1

All HF (+/- DM & CKD)

273,340

$10,339

$31,965

$46,078

6.2

14.7

No CKD or DM or HF

3,189,980

$38,004

$7,822

$14,889

72.0

54.2

With CKD or DM or HF

1,239,620

$32,139

$18,399

$30,832

28.0

45.8

CKD only (- DM & HF)

110,640

$2,783

$18,263

$30,208

2.5

4.0

DM only (- HF & CKD)

717,560

$14,744

$12,847

$24,253

16.2

21.0

HF only (- DM & CKD)

104,220

$3,071

$24,390

$35,792

2.4

4.4

CKD and DM only (- HF)

138,080

$4,273

$21,815

$36,762

3.1

6.1

CKD and HF only (- DM)

24,000

$978

$38,118

$50,230

0.5

1.4

DM and HF only (- CKD)

82,800

$3,041

$29,116

$44,055

1.9

4.3

CKD and DM and HF

62,320

$3,248

$47,149

$64,628

1.4

4.6

CKD and DM (+/- HF)

200,400

$7,521

$29,305

$45,101

4.5

10.7

CKD and HF (+/- DM)

86,320

$4,227

$44,613

$60,683

1.9

6.0

DM and HF (+/- CKD)

145,120

$6,290

$36,601

$52,696

3.3

9.0

Data Source: Medicare 5% sample (Medicare FFS beneficiaries multiplied by 20 to represent 100% Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database
(Medicare Advantage and commercial insurance). Point prevalent individuals aged 18-65 years on January 1, 2019, with Medicare Parts A and B or commercial insurance coverage in
2018.
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Table 6.2 Prevalence and annual spending among younger adults, with and without CKD (excluding ESRD), diabetes, and heart failure,
2019

Data Source: Medicare 5% sample (Medicare FFS beneficiaries multiplied by 20 to represent 100% Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database
(Medicare Advantage and commercial insurance). Point prevalent individuals aged 18-65 years on January 1, 2019, with Medicare Parts A and B or commercial insurance coverage in
2018.

Table 6.2 Prevalence and annual spending among younger adults, with and without CKD (excluding ESRD), diabetes, and heart failure,
2019

Data Source: Medicare 5% sample (Medicare FFS beneficiaries multiplied by 20 to represent 100% Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database
(Medicare Advantage and commercial insurance). Point prevalent individuals aged 18-65 years on January 1, 2019, with Medicare Parts A and B or commercial insurance coverage in
2018.
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Expenditures for younger Medicare FFS beneficiaries (aged 18-65 years) with and without CKD, DM, and HF are shown in Table 6.2.
Parts A and B PPPY expenditures for younger beneficiaries with CKD ($26,182) were approximately 25% higher overall than for older
beneficiaries with CKD ($21,015, as in Table 6.1). Compared with older beneficiaries, a smaller percentage of the younger population had
CKD (7.6% versus 13.6%) and HF (6.2% versus 9.4%), but a similar percentage had DM (22.6% versus 23.9%).
Younger beneficiaries with CKD, therefore, accounted for a smaller percentage of total expenditures for patients in this age range (16.1%)
than did older beneficiaries with CKD (24.6%). PPPY Parts A and B costs for younger beneficiaries with CKD, DM, and HF were $47,149 –
much higher than for older beneficiaries with all 3 conditions ($37,229). Likewise, PPPY costs among younger beneficiaries with Parts A, B,
and D who had all 3 conditions, at $64,628, were far higher than for similar older beneficiaries ($45,943).
Compared with younger FFS Medicare beneficiaries, CKD was far less common among the commercially insured (all CKD, 1.1%; CKD
alone, 0.6%) but somewhat more common in Medicare Advantage (10.3% and 2.8%, respectively). Among patients with multicomorbidity,
individuals with the combination of CKD, DM, and HF had PPPY costs of $64,628 (Medicare FFS, Parts A and B and D), $64,142 (Medicare
Advantage), and $67,089 in commercial insurance. Although costs are not directly comparable, they were similar for Medicare FFS
beneficiaries and those with Medicare advantage. In contrast to the older CKD population, PPPY costs were lower for commercially insured
individuals with CKD ($25,319) than for those with Medicare Advantage ($38,544).

Figure 6.2 Inflation adjusted per person per year spending among older adults with CKD (ESRD excluded), by presence of diabetes and
heart failure, 2009-2019.
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Data Source: Medicare 5% FFS sample. Point prevalent individuals aged ≥66 years on January 1, 2009-2019, with Medicare Parts A and B
coverage in the prior year. Medicare PPPY paid costs include Parts A, B, and D.

Inflation-adjusted PPPY costs for Medicare FFS beneficiaries with CKD decreased over the last decade but have been relatively unchanged
in recent years. For all patients with CKD, irrespective of the presence of DM and HF, adjusted PPPY costs decreased from 2009 to
approximately 2016 and then remained relatively unchanged out to 2019. For example, PPPY costs for beneficiaries with CKD overall and
with CKD alone decreased from approximately $30,340 and $21,149, respectively, in 2009 to approximately $24,441 and $17,461,
respectively, in 2016 – decreases of approximately 19% and 17%, respectively. Virtually no change in inflation-adjusted PPPY costs
occurred subsequent to 2016.
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Figure 6.3 Inflation adjusted per person per year spending among older adults with CKD (ESRD excluded), by CKD stage, 2009-2019.
Inflation adjusted

Unadjusted

Inflation adjusted

PPPY costs ($)
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Data Source: Medicare 5% FFS sample. Point prevalent individuals aged ≥66 years on January 1, 2009-2019, with CKD and Medicare Parts
A and B coverage in the prior year. Medicare paid costs include Parts A, B, and D.

Overall, inflation-adjusted PPPY spending for older Medicare FFS beneficiaries with CKD decreased similarly among those with stage 3
CKD and those with stages 4-5 CKD between 2009 and 2019 (Figure 6.3). However, the change from 2018 to 2019 diverged slightly, with
costs among those with stages 4-5 CKD increasing 3.1% and those with stage 3 CKD decreasing 0.4%. In 2019, PPPY costs for
beneficiaries with stages 4-5 CKD were about 40% higher than for beneficiaries with stage 3 CKD. Note that PPPY spending for all
beneficiaries with CKD closely approximates PPPY costs of beneficiaries with stage 3 CKD because stage 3 CKD is far more prevalent than
more advanced stages of CKD.
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Table 6.3 Per person per year spending among older adults with CKD (ESRD excluded), by CKD stage overall and by patient
characteristics, 2019
Medicare FFS
Medicare Advantage

Commercial
All CKD

Stages 1-2

Stage 3

Stages 4-5

2,256,268

267,151

1,323,164

192,022

$26,508

$22,814

$26,020

$35,663

66-69

$25,728

$20,696

$25,947

$38,290

70-74

$25,741

$21,376

$25,690

$36,627

75-79

$26,021

$22,402

$25,429

$36,041

80-84

$26,681

$24,856

$25,603

$36,263

85+

$28,034

$25,834

$27,197

$33,359

Female

$25,987

$22,383

$25,404

$34,422

Male

$27,127

$23,268

$26,755

$37,367

White

$26,073

$22,613

$25,609

$34,988

Black

$30,234

$25,289

$29,218

$39,953

Other

$26,721

$21,637

$27,002

$35,865

No

$23,028

$19,658

$22,265

$29,750

Yes

$29,935

$26,008

$30,079

$40,347

No

$20,945

$18,341

$20,441

$26,888

Yes

$41,807

$39,284

$40,829

$49,057

Patient years at risk
All patients
Age

Sex

Race

Diabetes

Heart Failure

®

Data Source: Medicare 5% FFS sample and Optum de-identified Clinformatics® Data Mart Database (Medicare Advantage and commercial insurance). Point prevalent individuals aged
≥66 years on January 1, 2019 with CKD and Medicare Parts A, B, & D or commercial insurance coverage in 2018.

Table 6.3 Per person per year spending among older adults with CKD (ESRD excluded), by CKD stage overall and by patient
characteristics, 2019

®

Data Source: Medicare 5% FFS sample and Optum de-identified Clinformatics® Data Mart Database (Medicare Advantage and commercial insurance). Point prevalent individuals aged
≥66 years on January 1, 2019 with CKD and Medicare Parts A, B, & D or commercial insurance coverage in 2018.
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Table 6.3 Per person per year spending among older adults with CKD (ESRD excluded), by CKD stage overall and by patient
characteristics, 2019

®

Data Source: Medicare 5% FFS sample and Optum de-identified Clinformatics® Data Mart Database (Medicare Advantage and commercial insurance). Point prevalent individuals aged
≥66 years on January 1, 2019 with CKD and Medicare Parts A, B, & D or commercial insurance coverage in 2018.

Table 6.3 presents Medicare FFS Parts A, B, and D, Medicare Advantage, and commercial insurance 2019 PPPY spending, by stage of
CKD among older individuals (aged ≥66 years) with CKD. As expected, spending for individuals with advanced CKD (stages 4-5) was much
higher than for those with less advanced CKD.
Irrespective of insurance type, PPPY spending was higher for men than for women for all stages of CKD; this difference was most striking in
commercial insurance. In terms of race, PPPY spending was higher for Black individuals than for White individuals across the CKD stages in
Medicare FFS and Medicare Advantage, but was lower in Black than in White individuals in the commercially insured population, regardless
of CKD stage. Age demonstrated a heterogeneous pattern: in Medicare FFS, the oldest individuals (those aged ≥85 years) had highest
PPPY spending among those with CKD stages 1-2 and 3, but slightly lower expenditures, relative to younger beneficiaries, for stages 4-5
CKD. At the other extreme, the oldest commercially insured individuals had lower PPPY expenditures, across all stages of CKD, compared
with younger individuals, most dramatically so for CKD stages 4-5. As expected, individuals with DM and, especially HF, had much higher
costs, irrespective of insurance type and stage of CKD.

S107

Table 6.4 Per person per year spending among younger adults with CKD (ESRD excluded), by CKD stage overall and by patient
characteristics, 2019
Medicare FFS
Medicare Advantage

Commercial
All CKD

Stages 1-2

Stage 3

Stages 4-5

Patient years at risk

255,412

37,661

113,122

20,697

All patients

$40,546

$37,884

$40,609

$50,728

18-39

38,998

$39,265

$32,366

$50,570

40-54

43,136

$39,982

$44,195

$55,436

55-65

39,689

$36,894

$39,814

$49,222

Female

$40,606

$36,427

$40,187

$50,676

Male

$40,488

$39,075

$41,022

$50,781

White

$40,719

$38,862

$40,695

$48,635

Black

$40,946

$35,703

$41,684

$53,556

Other

$38,115

$37,702

$36,357

$56,128

No

$33,638

$30,291

$30,743

$43,640

Yes

$45,101

$43,701

$47,168

$54,489

No

$33,891

$32,089

$32,717

$42,378

Yes

$60,683

$60,156

$60,323

$65,510

Age

Sex

Race

Diabetes

Heart Failure

®

Data Source: Medicare 5% FFS sample and Optum de-identified Clinformatics® Data Mart Database (Medicare Advantage and commercial insurance). Point prevalent individuals on
aged 18-65 years on January 1, 2019, with CKD and Medicare Parts A, B, & D or commercial insurance coverage in 2018.

Table 6.4 Per person per year spending among younger adults with CKD (ESRD excluded), by CKD stage overall and by patient
characteristics, 2019

®

Data Source: Medicare 5% FFS sample and Optum de-identified Clinformatics® Data Mart Database (Medicare Advantage and commercial insurance). Point prevalent individuals on
aged 18-65 years on January 1, 2019, with CKD and Medicare Parts A, B, & D or commercial insurance coverage in 2018.
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Table 6.4 Per person per year spending among younger adults with CKD (ESRD excluded), by CKD stage overall and by patient
characteristics, 2019

®

Data Source: Medicare 5% FFS sample and Optum de-identified Clinformatics® Data Mart Database (Medicare Advantage and commercial insurance). Point prevalent individuals on
aged 18-65 years on January 1, 2019, with CKD and Medicare Parts A, B, & D or commercial insurance coverage in 2018.

Table 6.4 presents 2019 PPPY spending for Medicare FFS Parts A, B, and D, Medicare Advantage, and commercial insurance, among
younger individuals (age 18-65 years) with CKD. As with older individuals, PPPY spending for individuals with more advanced CKD (stages
4 and 5 CKD) was much higher than for those with less advanced CKD.
Among individuals with stage 3 or stages 4-5 CKD, overall PPPY spending was higher for Black than for White individuals in Medicare FFS,
and, especially, Medicare Advantage. In contrast, PPPY spending for Black individuals was lower than in White individuals among the
commercially insured. The presence of HF in individuals with CKD was associated with much larger additional expenditures (i.e., beyond
expenditures for individuals with CKD alone) in those aged ≤65 years, irrespective of insurance type or CKD stage. Indeed, costs were
nearly double for individuals with both CKD and HF than for those with CKD alone.
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Figure 6.4 Inflation adjusted overall spending among older adults and for those with CKD (ESRD excluded), DM, and HF 1999-2019
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Data Source: Medicare 5% FFS sample. Point prevalent individuals aged ≥66 years on January 1, 1999-2019, with Medicare Parts A and B
coverage in the prior year. Costs reported are Medicare paid costs for Parts A, B, and D (from 2006), multiplied by 20 to represent 100%
Medicare FFS.

Figure 6.4 shows Medicare FFS Part A, B, and D expenditures for all beneficiaries aged ≥66 years and for those with CKD, DM, and HF.
Inflation-adjusted expenditures increased only 0.9%, from $305.8B to $308.5B, between 2018 and 2019. However, expenditures for
beneficiaries with CKD, which totaled $75.9B, increased far more (4.1% over one year) than for beneficiaries with DM (0.6%) or HF (0.6%).
The rapid rise in costs for the CKD population reflects, in part, a rapid growth in the CKD population, which may be the result of a
combination of a true increase in rates of CKD combined with an increase in recognition and coding of CKD in Medicare claims.

Figure 6.5 Inflation adjusted total spending among older adults with CKD (ESRD excluded), by claim type, 2006-2019
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Data Source: Medicare 5% FFS sample. Point prevalent individuals aged ≥66 years on January 1, 2006-2019, with CKD and Medicare Parts
A and B coverage in the prior year. Costs reported are Medicare paid costs for Parts A, B, and D, multiplied by 20 to represent 100%
Medicare FFS.
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In inflation-adjusted terms, total spending for Medicare FFS beneficiaries with CKD (excluding ESRD) increased nearly 62% in the decade
between 2009 and 2019. In 2019, inpatient costs represented approximately 33% of total spending; outpatient costs, 13%;
physician/supplier costs, 23%; and Part D costs, 14%. Between 2009 and 2019, skilled nursing facility costs increased by 33%, inpatient
costs by 34%, physician/supplier costs by 59%, outpatient costs by 141%, and Part D costs by 189% in inflation-adjusted dollars.

Figure 6.6 Inflation adjusted total inpatient spending among older adults with CKD (ESRD excluded), by cause of hospitalization, 20092019
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Data Source: Medicare 5% FFS sample. Point prevalent individuals aged ≥66 years on January 1, 2009-2019, with CKD and Medicare Parts
A and B coverage in the prior year. Costs reported are Medicare paid inpatient costs with a primary cause of hospitalization, multiplied by 20
to represent 100% Medicare FFS.

Because inpatient expenditures accounted for a large proportion of spending for Medicare FFS beneficiaries with CKD, we examined them
in more detail (Figure 6.6). Costs for non-infection-related and non-cardiovascular hospitalizations increased, relative to those of
hospitalization for infection and cardiovascular causes, to account for >50% of hospitalization costs. Therefore, we examined additional
causes of hospitalization in this year’s ADR: diabetes, gastrointestinal disorders, cancer, fractures, and non-infectious pulmonary causes.
Although none of these new causes accounts for more than 5% of total hospitalization costs, the remaining “other” category now accounts
for under 50% of the total.
Even in inflation-adjusted dollars, total inpatient expenditures increased by approximately 33% between 2009 and 2019. In 2019,
cardiovascular causes were responsible for 24.4% of expenditures (a decrease from 27.9% in 2009) and infection for 18.8% (relatively
unchanged from 18.9% in 2009). Expenditures for fractures increased to 4.8% of total expenditures in 2019 from 3.2% in 2009 – an
absolute increase of only 1.6%, yet a relative increase of 50%. In 2019, cancer and non-infectious pulmonary conditions each were
responsible for approximately 3.6% of expenditures.
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Summary
The cost of care for Medicare FFS beneficiaries aged 66 years and older with non-dialysis-dependent CKD reached $75.9B in 2019 (Figure
6.4). This represents a 4.1% inflation-adjusted increase from 2018, a rate of increase that exceeded that for FFS beneficiaries as a whole
(as well as for individuals with DM and HF, two other high-cost medical conditions).
CKD is an inherently expensive condition: regardless of insurer (Medicare FFS, Medicare Advantage, or Commercial insurance), care for
individuals with CKD cost about twice as much on a per-person basis as care for individuals without CKD (Table 6.1). Commercially insured
younger individuals were an exception, with PPPY costs nearly 5 times higher for enrollees with CKD as for those without.
It is important to recall that direct comparisons of Medicare FFS PPPY costs with those Medicare Advantage and Commercial insurance are
not valid because of different methods of operationalizing costs in Medicare claims and in Optum® de-identified Clinformatics® Data Mart

Database. However, because Medicare Advantage and commercial claims are assigned the same costs in Optum® de-identified
Clinformatics® Data Mart Database, differences in cost between them represent differences in healthcare utilization. Whereas costs for
commercially insured individuals aged >65 years were higher than for those with Medicare Advantage (likely because the commercially
insured group was younger), the opposite was true for younger individuals. PPPY costs for younger individuals with Medicare Advantage
were more than 50% higher than for commercially insured individuals. This difference likely reflects differences in the populations.
Specifically, those with commercial insurance are more likely to be employed, whereas those with Medicare Advantage likely qualified for
this coverage on the basis of disability. Patients with disability would be expected to have greater healthcare utilization than employed
individuals, so the substantially higher cost of care for younger patients with Medicare Advantage is not surprising.
PPPY costs for Medicare FFS beneficiaries with CKD – overall, and with CKD in the absence of DM and HF – were relatively unchanged
between 2016 and 2019. Although this may sound promising, PPPY inflation-adjusted costs had been decreasing in the years 2009-2015
(Figure 6.2). The rapid rise in overall costs for beneficiaries with CKD was related mostly to a substantial increase in the CKD population
(about 5% in FFS beneficiaries aged ≥66 years between 2018 and 2019, Figure 2.1) rather than to higher per-person expenditures.
However, the increase in the size of the CKD population among Medicare FFS beneficiaries was not accompanied by an increase in the
overall estimated prevalence of CKD in the U.S. population. Therefore, increased recognition and coding of CKD, rather than a true
increase in disease prevalence, is likely responsible for a large portion of the apparent increase in the cost of care for Medicare FFS
beneficiaries with CKD. This has important implications for interpretation of these costs. Until and unless recognition and coding of CKD
stabilizes, estimates may continue to change over time in ways that do not reflect changes in disease prevalence or in cost per
beneficiary with CKD. Further, if changes in the way estimated glomerular filtration rate is calculated are widely adopted, the prevalence
of CKD may change in the future, again affecting cost estimates.
Increased recognition of earlier stages of disease could obscure true increases in per-person expenses. Indeed, stage-specific trends in
PPPY expenses (Figure 6.3) support this possibility given that costs increased more between 2018 and 2019 among beneficiaries with
more advanced CKD (i.e., stages 4-5), which is less susceptible to underdiagnosis, than among beneficiaries with earlier stages of
disease. Ongoing comparison of CKD prevalence among Medicare FFS beneficiaries with the prevalence in the general population will
be necessary to understand the extent to which reported FFS Medicare costs may underestimate the true costs of beneficiaries with
CKD.
An addition to this year’s ADR is a breakdown of spending on hospitalization for the leading non-cardiovascular, non-infectious causes
among Medicare FFS beneficiaries aged ≥66 years. These included costs attributed to non-infectious pulmonary, gastrointestinal,
fracture, and cancer-related illnesses. Costs for fracture-related hospitalizations were higher than for any of the other newly added
causes of hospitalization. In addition, inflation-adjusted fracture-related costs increased no less than 50% over the decade ending in
2019. Why this is the case remains uncertain, but the trend deserves continued observation.
Two other points about costs of CKD are worthy of mention. First, not all expenses for beneficiaries with CKD are related to CKD itself.
Beneficiaries with CKD are more likely to have other costly conditions, such as DM and HF (Figure 6.1), and these conditions account for
some of the costs among beneficiaries with CKD. However, care for beneficiaries with DM or HF was much costlier if CKD was also
present. These comparisons highlight that care for beneficiaries with CKD is costlier than for those without CKD among both relatively
healthier and less healthy subsets. Second, costs of CKD reported in this chapter do not include costs of ESRD because of the unique
Medicare reimbursement structure for ESRD. Thus, comparisons of the costs of CKD and other expensive conditions underestimate the
relative costs of CKD overall (because individuals with advanced or end-stage HF are not excluded from the HF group, for example).
CKD that is not ESRD accounts for 23% of Medicare FFS expenditures for beneficiaries, but the overall percentage of Medicare
expenditures devoted to CKD including ESRD is, of course, far higher. Thus, exclusion of ESRD invariably leads to substantial
underestimation of the overall Medicare costs of kidney disease.

S112

It is important to consider the policy landscape within which these changes in the cost of CKD have occurred and the environment in which
future costs will be generated. The Centers for Medicare & Medicaid Services (CMS) has instituted several programs during the last decade
that have added penalties or created risk sharing arrangements with health care providers. The Hospital Readmissions Reduction Program
(HRRP) is a key example of a penalty program, whereas accountable care organizations (ACOs) have led the way with risk sharing. Based
on the relative stability of PPPY costs for patients with CKD and rising costs among beneficiaries with stages 4-5 CKD, it appears that
alternative payment models have not yet resulted in reduced expenditures among patients with CKD.
In January 2021, the ESRD Treatment Choices (ETC) model began, and in 2022, the Kidney Care Choices models will begin, having been
postponed from April 2021 due to the COVID-19 pandemic. These models (Kidney Care First [KCF] and Comprehensive Kidney Care
Contracting [CKCC]) are successors to the Comprehensive End Stage Renal Disease Organization (CEC) model that was launched in late
2015, but, unlike the CEC model, will include patients with CKD stage 4, CKD stage 5, and dialysis-requiring ESRD. How these models
could affect spending in advanced CKD is unclear: for example, CKCC includes risk sharing and quarterly capitated payments for
management of patients with stages 4-5 CKD as well as bonuses to incentivize kidney transplantation. If these models are successful in
delaying dialysis initiation for some patients, spending may shift from ESRD to CKD in future years; monitoring of key trends will therefore be
important.
For more information, see the USRDS Annual Data Report website, Volume 1 Chronic Kidney Disease, Chapter 6. Healthcare Expenditures
for Persons with CKD, located here: https://adr.usrds.org/2021/chronic-kidney-disease/6-healthcare-expenditures-for-persons-with-ckd
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Chronic Kidney Disease: Chapter 7

Prescription Drug Coverage in Patients with CKD
Highlights
Enrollment in Medicare Part D rose from 57.9% in 2009 to 74.6% in 2019 among beneficiaries with CKD, and from 53.5% to 70.8%
among beneficiaries without CKD (Figure 7.2). In 2019, 32.9% of Part D enrollees with CKD and 29.9% without CKD received the Low
Income Subsidy, or LIS (Figure 7.3); LIS qualification was far more common among Hispanic (87.1%), Asian (75.4%), and Black
(60.8%) individuals than among White (26.2%) individuals.
Between 2009 and 2019, total Medicare Part D inflation-adjusted spending rose by 184%, from $5.0 to $14.2 billion, for beneficiaries
with CKD but by only 28%, from $43.5 to $55.5 billion, for beneficiaries without CKD (Figure 7.5). The number of Part D beneficiaries
identified with CKD increased 152% over this timeframe, compared with an increase of only 28% in beneficiaries without identified
CKD.
Median per person per year (PPPY) Part D spending decreased, from $2433 to $1735, or by 29%, for beneficiaries with CKD (Figure
7.5). However, median spending decreased by fully 81%, from $1685 to $322, for beneficiaries without CKD.
In 2019, total Medicare Part D spending rose to $69.7 billion, of which 20.4% was for beneficiaries with CKD (Figure 7.6).
Among individuals aged ≥18 years, Medicare fee-for-service (FFS) beneficiaries with CKD incurred a median PPPY Part D drug cost
of $1735 in 2019, which was more than 5 times higher than the median cost for beneficiaries without CKD (Figure 7.8a). Median PPPY
insured drug cost for Medicare Advantage beneficiaries with CKD ($882) was over 4 times higher than for beneficiaries without CKD.
Among Medicare FFS beneficiaries with Part D, out-of-pocket spending was more than 10-fold higher among beneficiaries without the
LIS ($518) than among beneficiaries with the LIS ($41) (Figure 7.9).
Among Medicare beneficiaries aged ≥18 years, antibiotics, statins, and angiotensin converting enzyme inhibitors/angiotensin receptor
blockers (ACEi/ARBs) were the 3 most prescribed classes among both Medicare FFS and Medicare Advantage beneficiaries (Table
7.2). The category of cancer and adjunctive agents was the costliest overall drug class in Medicare FFS, and the second-costliest in
Medicare Advantage; insulin was the costliest in Medicare Advantage and the second-costliest in Medicare FFS (Table 7.3).
Between 2009 and 2019, inflation-adjusted mean and median PPPY out-of-pocket costs decreased among Medicare FFS
beneficiaries with and without CKD (Figure 7.10). Among beneficiaries with CKD, median inflation-adjusted costs decreased by 6%,
from $307 to $288, while mean inflation-adjusted costs decreased by 34%, from $998 to $657. Most of the decrease in PPPY costs
was realized between 2009 and 2012.
Among beneficiaries with CKD and coronary artery disease (CAD), only 42.2% with Medicare FFS and 38.5% with Medicare
Advantage received beta blockers plus ACEi/ARBs plus lipid-lowering therapy (Figure 7.11); corresponding percentages for
beneficiaries with CKD and acute myocardial infarction (AMI) were 47.3% (Medicare FFS) and 42.5% (Medicare Advantage). Among
beneficiaries with CKD and heart failure (HF), only 60.6% of Medicare FFS beneficiaries and 56.2% of Medicare Advantage
beneficiaries received renin angiotensin aldosterone system inhibitors (RAASis).
A higher percentage of Medicare FFS beneficiaries with the LIS, compared with beneficiaries without the LIS, were prescribed newer
insulins, dipeptidyl peptidase-4 inhibitors (DPP-4is), glucagon-like peptide-1 receptor agonists (GLP-1RAs), and sodium-glucose
cotransporter-2 inhibitors (SGLT-2is) (Figure 7.12a). Those without the LIS were more likely to receive drugs available as generics,
such as metformin and sulfonylureas, and less likely to receive newer agents.
For Medicare Part D beneficiaries with CKD and type 2 diabetes mellitus (DM), median PPPY insurance and out-of-pocket spending in
2019 was $4111 for GLP-1RAs, $2721 for DPP-4is, $2469 for SGLT2is, $2454 for newer insulins, and $1509 for older insulins (Figure
7.14).
About 4% of Medicare FFS beneficiaries with Part D who had stage 4-5 CKD and who were prescribed ACEi/ARB therapy in 20152019 also received potassium binders (Figure 7.16a).
Among Medicare FFS beneficiaries with Part D who had CKD, nearly 3 out of 8 received an antidepressant in 2019 (Figure 7.17).
Prescription of antidepressants increased from 34.7% in 2015 to 36.1% in 2019.

S114

Introduction
This chapter focuses on drug costs and utilization among Medicare FFS beneficiaries with Part D prescription drug coverage. To help
orient readers, the first table describes the Medicare Part D parameters for the defined standard benefit, and the first figure shows the
sources of prescription drug coverage in Medicare beneficiaries with and without CKD in 2019.
We begin with a focus on Medicare Part D enrollment and expenditures, showing trends over time in the percentage of Medicare
beneficiaries with and without CKD enrolled in Part D and the percentage of Medicare Part D beneficiaries with the LIS in 2019. These are
followed by a display of the distribution of premium subsidy and copayment categories among Medicare Part D beneficiaries receiving the
LIS in 2019. Part D spending is then reported in figures showing the trends in total and PPPY Part D inflation-adjusted spending between
2009 and 2019. Part D spending for beneficiaries with CKD and without CKD is shown for 2009 and 2019. Spending for generic and brandname drugs is then shown for 2019. Next, insurance and out-of-pocket spending are shown for Medicare FFS and Medicare Advantage
beneficiaries as well as enrollees of commercial insurance and, further, Part D beneficiaries with and without the LIS.
We then shift the focus to specific drugs and drug classes, with figures illustrating the 15 most commonly prescribed drugs classes and the
insurance spending attributed to the 15 most expensive drugs in the Medicare FFS, Medicare Advantage, and commercially insured
populations.
Finally, we highlight issues involving the prescribing of cardiovascular disease-related medications, diabetes medications, potassium
binders, and antidepressants.

Methods
In this chapter, we primarily use administrative claims data on Medicare FFS beneficiaries from the Medicare 5% sample. Some
analyses also include persons enrolled in Medicare Advantage and Commercial health plans using claims data from the Optum® deidentified Clinformatics® Data Mart Database. Unlike in most other chapters in Volume 1, we include beneficiaries aged ≥18 years in
analyses using Medicare data. Thus, those included who were under age 65 years must have been eligible for Medicare for a reason
other than ESRD and thus should not be viewed as representative of the general U.S. population under age 65 years with or without
CKD. Analyses using commercial plan data include enrollees aged 18-65 years.
Most analyses in the chapter use point prevalent cohorts of enrollees without ESRD on January 1 of the reported year, with follow-up
beginning on January 1. To allow ascertainment of CKD and other relevant diagnoses, cohort members were also required to have
continuous insurance enrollment for all of the prior year. When examining drug plan benefits or drug utilization, analyses of Medicare
FFS cohorts are limited to the subset of beneficiaries enrolled in Part D. However, we did not limit analyses to a specific subset of
Medicare Advantage and commercial insurance enrollees because these health plans usually include prescription drug coverage. In one
analysis, we examine use of CVD medications in 2019 among point prevalent Medicare beneficiaries without ESRD on December 31,
2019 and who had continuous Medicare enrollment for all of 2019.
Further information related to the design of the cohorts included in this chapter, as well as the details regarding how prescription-drug
related insurance and out-of-pocket spending were defined, are provided in the CKD Analytical Methods. As in last year’s ADR, we
report inflation-adjusted spending; all spending-related results for reported years prior to 2019 were adjusted for inflation and expressed
in 2019 U.S. dollars.
Note that some figures show CKD by stages (i.e., display separate groups labelled by specific stage of CKD). Individuals with unknown
or unspecified stage of CKD (representing approximately 19% of Medicare FFS beneficiaries aged ≥66 years with CKD in 2019) are not
included in any stage-specific group. However, patients with unknown or unspecified stage of CKD are included in the CKD group in
figures that contrast “No CKD” with “CKD.”
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The Medicare Part D Prescription Drug Benefit
The optional Medicare Part D prescription drug benefit has been available to all Medicare beneficiaries since 2006. Part D benefits can be
managed through a stand-alone prescription drug plan or through a Medicare Advantage prescription drug plan (MA-PD). Most Medicare
Advantage Plans include a prescription drug plan. After 2006, most Medicare enrollees obtained Part D coverage. The Part D program offers
a substantial LIS benefit to enrollees with limited assets and income, including those dually enrolled in Medicare and Medicaid. The LIS
provides full or partial waivers for many out-of-pocket cost-sharing requirements, including premiums, deductibles, and copayments, and
provides full or partial coverage during the Part D coverage gap (commonly referred to as the “donut hole”). As of 2020, the “donut hole” was
eliminated, but it was still in effect in the years covered in this ADR.
Medicare Part D is not the only source of drug coverage available to beneficiaries. Some may choose to obtain outpatient medication
benefits through retiree drug subsidy plans or other creditable coverage such as employer group health plans, other private coverage, or
Veterans Health Administration (VHA) benefits rather than through Medicare Part D plans. Some Medicare Part A and B enrollees remain
uninsured for medication costs and pay for their outpatient prescription medications out-of-pocket. These costs are not captured in the
Medicare Part D expenditures and enrollee out-of-pocket expenses reported here. Therefore, costs reported here are total costs to Medicare
for prescription drugs for beneficiaries but are not the total costs of medications used by Medicare beneficiaries.
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Table 7.1 Medicare Part D parameters for defined standard benefit, 2019
(a) Standard benefit design

Plan cost-sharing tier and explanation

Total drug costs

Beneficiary pays 100% of total prescription costs up to the deductible.

$0-$415
$415

Deductible
After the deductible is met, the beneficiary pays 25% of total prescription costs up to the initial coverage limit.

$3,820

Initial coverage limit
The coverage gap ("donut hole") begins at this point.

$3,821-$7,654

Coverage gap ("donut hole")
Beneficiaries receive a 75% discount on brand-name drugs (5% paid by plan, 70% paid by manufacturer) and a 63% discount on generic drugs while
in the coverage gap

$7,654

Catastrophic coverage threshold
Catastrophic coverage begins after beneficiary has spent $5,100 out-of-pocket

>$7,654

Catastrophic coverage
Beneficiary pays the greater of $3.40 or 5% of the cost for generic or preferred multisource drugs and the greater of $8.50 or 5% for brand-name
drugs during this phase.
(b) Breakdown of out-of-pocket costs prior to reaching the catastrophic coverage threshold

2019 Example:

Out-of-pocket costs

$415 (deductible)

$415

+ (($3820 – $415) * 25%) (initial coverage)

$851

+ (($7654 – $3820) * 100%) (coverage gap)

$3,834

Total

$5,100

(maximum out-of-pocket costs prior to catastrophic coverage, excluding plan premium)
Data source: Adapted from https://q1medicare.com/PartD-The-2019-Medicare-Part-D-Outlook.php

Beneficiaries who qualify for the LIS have lower out-of-pocket drug costs, by design, than those who do not qualify. The LIS provides full or
partial waivers for premiums, deductibles, and/or copayments. This includes full or partial coverage during the coverage gap, or “donut hole.”
For beneficiaries without the LIS, Part D premiums varied widely in 2019; the average monthly premium was $43.48
(https://www.kff.org/medicare/issue-brief/medicare-part-d-a-first-look-at-prescription-drug-plans-in-2019/). Part D plans have various costsharing tiers and specific copayments and coinsurance rates vary widely among plans (Cubanski et al., 2017). Nearly all plans charge
coinsurance for higher-cost and non-preferred drugs.
As shown in Table 7.1, which describes the standard benefit design, the deductible for enrollees in 2019 was $415. However, many Part D
plans have plans with alternative designs, and some plans charge no deductible. During the initial coverage period, when prescription drug
costs exceed the deductible but have not yet reached the initial coverage limit of $3,820 in total drug costs, enrollees are responsible for
25% of drug costs; the remainder is covered by the plan.
Above $3,820, up to a maximum out-of-pocket threshold of $5,100, enrollees enter a coverage gap. This gap was formerly referred to as the
“donut hole”; however, the Bipartisan Budget Act of 2018 accelerated closure of this coverage gap from 2020 to 2019. Part D beneficiaries
are still responsible for a portion of drug costs during the coverage gap (maximum of 37% of generic drug costs and 25% of brand-name
drug costs), and the plan covers a lower percentage of costs (63% for generic drugs and 5% for brand-name drugs). The drug manufacturer
pays the remaining 70% for brand-name drugs; see 2019 Medicare Part D Program Compared to 2018, 2017, 2016, and 2015
(q1medicare.com). When total drug costs exceed the catastrophic coverage threshold ($7,654 in 2019), enrollees’ share of drug costs is
reduced to either 5% or $3.40 per generic/$8.50 per brand-name drug prescription, whichever is greater. The plan pays 15% of costs above
the threshold, and Medicare pays the remaining 80%.

S117

Figure 7.1 Sources of prescription drug coverage in adults, 2019
Overall
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Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years.

Figure 7.1 Sources of prescription drug coverage in adults, 2019

Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years.
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Figure 7.1 Sources of prescription drug coverage in adults, 2019

Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years.

Figure 7.1 shows that in 2019, approximately 74.6% of Medicare FFS beneficiaries with CKD and 70.8% without CKD were enrolled in a
Medicare Part D plan, up 0.3% and 0.4%, respectively, from 2018 (as reported in the 2020 ADR). A higher percentage of beneficiaries with
CKD had the LIS (24.6%, down 1.0% from 2018) than beneficiaries without CKD (21.2%, down 0.9% from 2018). Younger beneficiaries
(typically, individuals with disabilities) were more likely to have Part D coverage and to qualify for the LIS than older beneficiaries, regardless
of CKD status. A lower percentage of individuals aged ≥66 years had Part D coverage with the LIS than younger individuals. Among
beneficiaries with CKD, White individuals were least likely to receive the LIS; Hispanic individuals were most likely. The large percentage of
Asian individuals receiving the LIS may reflect a slightly higher rate of poverty among older Asian individuals in the U.S. relative to other
older Americans (Administration for Community Living, 2019).
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Figure 7.2 Percentage of adults with prescription drug coverage, 2009-2019
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Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years.

Figure 7.2 shows that from 2009 to 2019, enrollment in Medicare Part D rose from 57.9% to 74.6% among beneficiaries with CKD;
enrollment increased from 53.5% to 70.8% among beneficiaries without CKD. The overall rate of rise in Part D enrollment (approximately
1.7% per year) was similar between those with and without CKD. Both groups had a larger increase in enrollment in 2012-2013 that the
Kaiser Family Foundation ascribed to increased enrollment of retirees in employer-only Part D plans (Cubanski & Neuman, 2015).

Figure 7.3 Percentage of adults with the low-income subsidy (LIS), 2019

Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage.

In 2019, 32.9% of Part D enrollees with CKD and 29.9% without CKD received the LIS (Figure 7.3). These percentages represent a
decrease of 1.5% and 1.6%, respectively, from 2018. Among beneficiaries with CKD, LIS qualification was far more common among
Hispanic (87.1%), Asian (75.4%), and Black (60.8%) individuals than among White (26.2%) individuals. Among all racial/ethnic groups, a
higher percentage of younger beneficiaries (those aged ≤65 years, consisting mainly of individuals with disabilities) qualified for the LIS than
older beneficiaries; this pattern was most pronounced in White, and least pronounced in Hispanic, individuals.
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Figure 7.4 Distribution of LIS benefits in adults, 2019
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Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage.

Among beneficiaries receiving the LIS, nearly 98% were automatically eligible for a full premium subsidy (Figure 7.4). A much higher
percentage of beneficiaries with CKD (40.5%) received the highest level of subsidy – 100% premium subsidy, no copayment – than
beneficiaries without CKD (24.4%). In other words, beneficiaries without CKD were more likely to receive a full premium subsidy with some
level of required copayment.

Figure 7.5 Part D spending for covered prescription medications in adults, 2009-2019
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Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Costs are inflationadjusted (to 2019 dollars).
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Figure 7.5 Part D spending for covered prescription medications in adults, 2009-2019

Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Costs are inflationadjusted (to 2019 dollars).

Figure 7.5 shows that between 2009 and 2019, total Medicare Part D inflation-adjusted spending rose by 184%, from $5.0 to $14.2 billion,
for beneficiaries with CKD but by only 28%, from $43.5 to $55.5 billion, for beneficiaries without CKD (Figure 7.5). The number of Part D
beneficiaries identified with CKD increased 152% over this timeframe, compared with an increase of only 28% in beneficiaries without
identified CKD, contributing to the overall rise in Part D spending in beneficiaries with CKD.
The distribution of PPPY Part D spending is shown using both means (solid lines) and medians (as part of box plots). Median spending
decreased, from $2433 to $1735, or by 29%, in beneficiaries with CKD; however, median spending decreased by fully 81%, from $1685 to
$322, in beneficiaries without CKD. Thus, compared with beneficiaries without CKD, median PPPY Part D costs were 44% higher in those
with CKD in 2009 but were more than five times as high as in those with CKD in 2019.
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Figure 7.6 Distribution of total Part D spending ($, in billions) for covered prescription medications in adults, 2009 and 2019
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Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Costs are inflation-adjusted (to 2019 dollars).

Medicare Part D spending for prescription medications increased more among beneficiaries with CKD than among beneficiaries without
between 2009 and 2019 (Figure 7.6). As a percentage of total Medicare spending, spending for beneficiaries with CKD doubled over the
decade. In 2009, total inflation-adjusted Medicare Part D spending among beneficiaries without ESRD was $48.5 billion, of which 10.3%
was for beneficiaries with CKD; in 2019, total Medicare Part D spending rose to $69.7 billion, of which 20.4% was for beneficiaries with
CKD. The nearly 2-fold increase in the percentage of Part D spending for beneficiaries with CKD is attributable both to a disproportionate
rise in the number of beneficiaries with CKD (relative to the increase in the number of beneficiaries without CKD) as well as to higher PPPY
costs among beneficiaries with CKD.
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Figure 7.7 Part D spending for covered generic and brand-name medications in adults, 2019
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Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage.

Figure 7.7 Part D spending for covered generic and brand-name medications in adults, 2019

Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage.

Medicare Part D spending for generic and brand-name drugs is shown by CKD status in Figure 7.7. Approximately 82% of total spending
was for brand-name drugs among beneficiaries with and without CKD. However, median PPPY costs were much higher for beneficiaries
with CKD. For generic drugs, PPPY costs were triple those in beneficiaries without CKD. For brand-name drugs, median PPPY spending in
beneficiaries with CKD was $649; the median spending was $0 in beneficiaries without CKD.
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Figure 7.8a Per person per year insurance and out-of-pocket spending for covered prescription medications in adults, 2019
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Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and
Commercial). January 1, 2019 point prevalent enrollees. Medicare FFS is limited to beneficiaries with Part D coverage.

Figure 7.8a Per person per year insurance and out-of-pocket spending for covered prescription medications in adults, 2019

Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and
Commercial). January 1, 2019 point prevalent enrollees. Medicare FFS is limited to beneficiaries with Part D coverage.

Among individuals aged ≥18 years, Medicare FFS beneficiaries with CKD incurred a median PPPY Part D drug cost of $1735 in 2019,
which was more than 5 times higher than the median cost of $322 for beneficiaries without CKD (Figure 7.8a). Median PPPY insured drug
cost for Medicare Advantage beneficiaries with CKD ($882) was over 4 times higher than for beneficiaries without CKD ($203).
Beneficiaries’ median PPPY out-of-pocket costs for Medicare FFS Part D beneficiaries with CKD was $288, compared with $156 for
beneficiaries without CKD; analogous costs for Medicare Advantage beneficiaries were $315 and $130, respectively.
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Among commercially insured younger individuals (aged 18-65 years), the median PPPY insured drug cost for enrollees with CKD was $638,
versus only $4 for beneficiaries without CKD. Median PPPY out-of-pocket cost for enrollees with CKD ($332) was ten-fold higher than for
enrollees without CKD ($31).

Figure 7.8b Per person per year Part D insurance and out-of-pocket spending for covered prescription medications in adults, by
demographic characteristics, 2019

Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage.

Figure 7.8b Per person per year Part D insurance and out-of-pocket spending for covered prescription medications in adults, by
demographic characteristics, 2019

Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage.
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Figure 7.8b shows PPPY Part D and out-of-pocket spending for covered prescription medications in 2019 by demographic characteristics
for Medicare FFS beneficiaries with Part D. Among beneficiaries with and without CKD, PPPY insurance costs were substantially higher in
those aged ≤65 years (generally individuals with disabilities) than in older beneficiaries. Out-of-pocket costs, however, were higher in
beneficiaries aged ≥66 years. Among beneficiaries with CKD, costs were generally similar in men and women. Median PPPY out-of-pocket
costs were higher in men ($335) than in women ($252) with CKD. By race/ethnicity, mean and median Part D costs for beneficiaries with
CKD were much higher in Hispanic and Asian individuals than in Black and, especially, White individuals: for example, median PPPY
insurance costs among Hispanic individuals ($3780) were 2.4 times as high as in White individuals ($1548); median out-of-pocket costs,
however, were nearly seven times higher in White than in Hispanic individuals ($372 versus $54, PPPY).

Figure 7.9 Per person per year Part D insurance and out-of-pocket spending for covered prescription medications in adults, by LIS status,
2019
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Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage.
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Figure 7.9 Per person per year Part D insurance and out-of-pocket spending for covered prescription medications in adults, by LIS status,
2019

Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage.

Figure 7.9 shows PPPY insurance and out-of-pocket spending for Part D covered prescription medications in 2019 by demographic
characteristics for Medicare FFS beneficiaries. Overall, median PPPY insurance costs were far higher for beneficiaries with the LIS than for
those without: among beneficiaries with CKD, those with the LIS had a median PPPY insurance cost of $5009 compared with $862 for those
without the LIS. Out-of-pocket spending, however, was more than 10-fold higher among beneficiaries without the LIS ($588 versus only $41,
PPPY). Among beneficiaries with CKD but without the LIS, median PPPY insurance costs varied little by age, but among beneficiaries with
CKD and the LIS, median costs generally decreased with age. Out-of-pocket costs, however, were far higher in older beneficiaries with CKD
who did not have the LIS. Median PPPY insurance and out-of-pocket costs in beneficiaries with CKD were similar in men and women,
regardless of LIS status. Among beneficiaries with CKD and the LIS, median PPPY insurance costs were highest in Asian ($5553) and
lowest in Black ($4279) individuals; however, in those without the LIS, median PPPY insurance costs were highest in White ($873) and
lowest in Hispanic ($673) individuals. Median PPPY out-of-pocket costs were virtually identical by race/ethnicity in beneficiaries with the LIS;
in beneficiaries without the LIS, median PPPY costs were highest in White ($601) and lowest in Asian ($407) individuals.
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Figure 7.10 Per person per year out-of-pocket spending for covered prescription medications in adults, 2009-2019
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Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Costs are inflationadjusted (to 2019 dollars).

Figure 7.10 shows that between 2009 and 2019, mean and median PPPY out-of-pocket costs decreased among Medicare FFS
beneficiaries with and without CKD. For example, among beneficiaries with CKD, median inflation-adjusted costs decreased by 6%, from
$307 to $288, while mean inflation-adjusted costs decreased by 34%, from $998 to $657. Most of the decrease in PPPY costs were realized
between 2009 and 2012; costs remained relatively stable over the subsequent period. Costs decreased in beneficiaries with and without the
LIS. As might be expected, among those with CKD, median PPPY out-of-pocket costs were nearly 15 times higher for beneficiaries without
the LIS compared to beneficiaries with the LIS in 2019.
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Table 7.2 Top 15 covered drug classes most commonly received by adults with CKD, 2019
Medicare, age ≥18 years Commercial, age 18-65 years
Medicare fee-for-service

Medicare Advantage

Rank

Drug class

%

Drug class

%

1

Statins

64.3

Statins

57.5

2

Antibiotics

59.9

ACEi / ARBs

51.9

3

ACEi / ARBs

55.6

Antibiotics

47.1

4

Beta blockers

54.4

Beta blockers

43.9

5

Opioids

34.5

Calcium channel blockers (DHP)

30.9

6

Calcium channel blockers (DHP)

34.4

Opioids

28.6

7

Loop diuretics

34.3

Proton pump inhibitors

26.7

8

Proton pump inhibitors

34.3

Loop diuretics

25.5

9

SSRI / SNRIs

27.3

Thiadize diuretics

22.0

10

Levothyroxine

25.7

SSRI / SNRIs

20.5

11

Immunosuppressant agents

23.8

Levothyroxine

20.4

12

Thiadize diuretics

23.0

Immunosuppressant agents

18.4

13

Gabapentinoids

21.1

Metformin

18.3

14

Beta adrenergics

20.0

Gabapentinoids

17.7

15

Metformin

18.3

Beta adrenergics

16.9

Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and Commercial). January 1, 2019 point prevalent
enrollees. Medicare FFS is limited to beneficiaries with Part D coverage. Abbreviations: ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; DHP:
dihydropyridine; NSAID: non-steroidal anti-inflammatory drug; SNRI: serotonin-norepinephrine reuptake inhibitor; SSRI: selective serotonin reuptake inhibitor.

Table 7.2 Top 15 covered drug classes most commonly received by adults with CKD, 2019

Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and Commercial). January 1, 2019 point prevalent
enrollees. Medicare FFS is limited to beneficiaries with Part D coverage. Abbreviations: ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; DHP:
dihydropyridine; NSAID: non-steroidal anti-inflammatory drug; SNRI: serotonin-norepinephrine reuptake inhibitor; SSRI: selective serotonin reuptake inhibitor.

Table 7.2 shows the most commonly prescribed drug classes, by insurance type, among individuals with CKD who had at least 1 medication
claim in 2019. Among Medicare beneficiaries aged ≥18 years, drug rankings (by percent received) were very similar in the Medicare FFS
and Medicare Advantage programs. Antibiotics, statins, and ACEi/ARBs were the 3 most prescribed classes in both programs. However, a
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higher percentage of Medicare FFS beneficiaries received each given class. For example, 64.3% of Medicare FFS, compared with 57.5% of
Medicare Advantage, beneficiaries received statins. Beneficiaries commonly received ACEi/ARBs (55.6% in Medicare FFS and 51.9% in
Medicare Advantage). Beta blockers were the fourth-most prescribed drugs in both FFS Medicare and Medicare Advantage, at 54.4% and
43.9%, respectively.
Among Commercial insurance enrollees aged 18-65 years, the percent using each class was less than for Medicare insured beneficiaries.
Non-steroidal anti-inflammatory drugs (NSAIDs), insulin, and muscle relaxants were among the top 15 drug classes for Commercial
insurance enrollees, but not for Medicare beneficiaries.

Table 7.3 Top 15 covered drug classes by insurance spending in adults with CKD, 2019
Medicare, age ≥18 years

Commercial, age 18-65 years
Medicare fee-for-service

Medicare Advantage

Insurance spending
Rank Drug class

Total (in
millions)

Per Part D
enrollee

Insurance spending

Per drug
class user Drug class

Total (in
millions)

Per
enrollee

Per drug
class user

1

Cancer and adjunctive agents

$2,217

$875

$18,791

Insulin

$383

$636

$4,355

2

Insulin

$1,976

$780

$4,265

Cancer and adjunctive agents

$353

$586

$15,776

3

Direct oral anticoagulants

$929

$366

$2,575

Direct oral anticoagulants

$183

$304

$3,006

4

DPP-4 inhibitors

$620

$244

$3,111

DPP-4 inhibitors

$131

$217

$3,430

5

Beta adrenergics

$553

$218

$1,078

GLP-1 receptor agonists

$127

$211

$5,449

6

GLP-1 receptor agonists

$539

$213

$4,822

Beta adrenergics

$103

$172

$1,012

7

Immunomodulators

$479

$189

$93,288

Immunomodulators

$90

$150

$98,500

8

Antiretrovirals

$463

$183

$33,152

Anti-inflammatory agents
(excludes NSAIDs)

$73

$121

$21,478

9

Anti-inflammatory agents
(excludes NSAIDs)

$380

$150

$21,994

Antiretrovirals

$52

$86

$29,535

10

Antipsychotics

$315

$124

$1,478

Pulmonary hypertension agents

$45

$75

$47,578

11

Antibiotics

$243

$96

$156

Gabapentinoids

$41

$68

$380

12

Pulmonary hypertension agents

$238

$94

$38,066

SGLT2 inhibitors

$39

$65

$3,272

13

Gabapentinoids

$229

$90

$420

Antibiotics

$36

$60

$124

14

Opioids

$191

$75

$216

Non-statin lipid
lowering medications

$31

$52

$591

15

Non-statin lipid
lowering medications

$183

$72

$632

Statins

$29

$48

$81

$14,206

$5,605

$2,624

$4,358

Total insurance spending

Total insurance spending

Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and Commercial). January 1, 2019 point prevalent
enrollees. Medicare FFS is limited to beneficiaries with Part D coverage. Abbreviations: DPP-4: dipeptidyl peptidase-4; GLP-1: glucagon-like peptide 1; NSAID: nonsteroidal antiinflammatory drug; SGLT2: sodium-glucose cotransporter-2.
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Table 7.3 Top 15 covered drug classes by insurance spending in adults with CKD, 2019

Data source: Medicare 5% sample (Medicare FFS) and Optum® de-identified Clinformatics® Data Mart Database (Medicare Advantage and Commercial). January 1, 2019 point prevalent
enrollees. Medicare FFS is limited to beneficiaries with Part D coverage. Abbreviations: DPP-4: dipeptidyl peptidase-4; GLP-1: glucagon-like peptide 1; NSAID: nonsteroidal antiinflammatory drug; SGLT2: sodium-glucose cotransporter-2.

Table 7.3 shows the 15 costliest medication classes in Medicare FFS, Medicare Advantage, and commercial insurance beneficiaries with
CKD in 2019. Costs are shown as total costs, costs per enrollee, and cost per user of each drug class. Within each insurance program, the
rank order is the same for total costs and costs per enrollee, but the rank order is different for per-drug-class-user costs.
The drug ranking (for total spending) is similar in the Medicare FFS and Medicare Advantage programs. For example, cancer and adjunctive
agents was the costliest overall drug class in Medicare FFS, and the second-costliest in Medicare Advantage; insulins were the costliest in
Medicare Advantage and the second-costliest in Medicare FFS. In terms of per-drug-class-user, immunomodulatory drugs were by far the
most expensive agents, approaching $100,000 per user in both Medicare programs, followed by pulmonary hypertension agents and
antiretrovirals. Anti-inflammatory agents (excluding NSAIDs) cost more per user than cancer-related agents in both Medicare programs.
Total spending on antipsychotic agents ($315 million) and opioids ($191 million) was considerable among Medicare FFS beneficiaries, but
these classes did not make the top 15 list for costs among Medicare Advantage beneficiaries. Conversely, SGLT2 inhibitors made the top 15
list for total costs in Medicare Advantage beneficiaries but not in Medicare FFS beneficiaries.
Among commercially insured individuals, the total and per-enrollee rank order is somewhat different compared with Medicare FFS and
Medicare Advantage, but broad similarities remain in the drug classes that constitute the top 15 most costly medications. Immunomodulators
cost >$100,000 per drug class user, followed by agents for multiple sclerosis, at >$60,000 per drug class user.
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Figure 7.11 Percentage of adults receiving medications for cardiovascular disease, 2019
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Data source: Medicare 5% sample (Medicare FFS) and Optum®de-identified Clinformatics® Data Mart Database (Medicare Advantage). December 31, 2019 point
prevalent enrollees aged ≥18 years with the specific CVD of interest. Abbreviations: ARNIs, angiotensin receptor neprilysin inhibitors; BBs, beta blockers; CCBs,
calcium channel blockers; DHP, dihydropyridine; LLT, lipid-lowering therapy; MRAs, mineralocorticoid receptor antagonists; NVAF, nonvalvular atrial fibrillation;
OACs, oral anticoagulants; RAASi, renin-angiotensin-aldosterone system inhibitors.

Figure 7.11 Percentage of adults receiving medications for cardiovascular disease, 2019

Data source: Medicare 5% sample (Medicare FFS) and Optum®de-identified Clinformatics® Data Mart Database (Medicare Advantage). December 31, 2019 point
prevalent enrollees aged ≥18 years with the specific CVD of interest. Abbreviations: ARNIs, angiotensin receptor neprilysin inhibitors; BBs, beta blockers; CCBs,
calcium channel blockers; DHP, dihydropyridine; LLT, lipid-lowering therapy; MRAs, mineralocorticoid receptor antagonists; NVAF, nonvalvular atrial fibrillation;
OACs, oral anticoagulants; RAASi, renin-angiotensin-aldosterone system inhibitors.

Figure 7.11 illustrates the percentage of adults in Medicare FFS and Medicare Advantage receiving medications for cardiovascular disease
in 2019. Generally, the percentages receiving various drug classes were higher among beneficiaries with CKD than without CKD.
Remarkably, however, ACEi/ARBs and RAASi use was not appreciably more common in patients with CKD and CAD/AMI/HF relative to
patients without CKD but with CAD/AMI/HF. The percentages were also higher in beneficiaries with Medicare FFS than Medicare
Advantage. Medication prescribing may not have been optimal: among beneficiaries with CKD and CAD, for example, only 42.2% with
Medicare FFS and 38.5% with Medicare Advantage received the triple combination of beta blockers plus ACEi/ARBs plus lipid-lowering
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therapy; corresponding percentages for beneficiaries with CKD and AMI were 47.3% (Medicare FFS) and 42.5% (Medicare Advantage).
Among beneficiaries with CKD and HF, only 60.6% of Medicare FFS beneficiaries and 56.2% of Medicare Advantage beneficiaries received
RAASi. Only 67.7% of Medicare FFS beneficiaries and 56.4% of Medicare Advantage beneficiaries with CKD and non-valvular atrial
fibrillation (NVAF) received oral anticoagulants.

Figure 7.12a Percentage of adults with CKD and type 2 diabetes receiving diabetes medications, 2019
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Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Abbreviations:
DPP-4i, dipeptidyl peptidase 4 inhibitors; GLP-1RA, glucagon-like peptide-1 receptor agonists; INS, insulin; MEG, meglitinides; MET,
metformin; SGLT2i, sodium-glucose cotransporter-2 inhibitors; SU, sulfonylureas; TZD, thiazolidinediones.

Figure 7.12a Percentage of adults with CKD and type 2 diabetes receiving diabetes medications, 2019

Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Abbreviations:
DPP-4i, dipeptidyl peptidase 4 inhibitors; GLP-1RA, glucagon-like peptide-1 receptor agonists; INS, insulin; MEG, meglitinides; MET,
metformin; SGLT2i, sodium-glucose cotransporter-2 inhibitors; SU, sulfonylureas; TZD, thiazolidinediones.
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Figure 7.12a shows the percentage of adult Medicare FFS beneficiaries with CKD and type 2 DM receiving medications for DM in 2019.
Overall, among those with stage 3 CKD, newer insulins, metformin, and sulfonylureas were each prescribed in more than a quarter of
beneficiaries. Compared with beneficiaries with stage 3 CKD, newer insulins were prescribed more frequently, sulfonylureas less frequently,
and metformin far less frequently in beneficiaries with stage 4-5 CKD. Older beneficiaries were more likely to receive sulfonylureas and less
likely to receive newer glucose-lowering therapies such as GLP-1RA, SGLT-2i and newer insulins than younger beneficiaries. There were
relatively modest differences in drug class prescribing by race. A higher percentage of beneficiaries with the LIS, compared with
beneficiaries without the LIS, were prescribed newer insulins, DPP-4is, GLP-1RAs, and SGLT-2is. Those without the LIS were more likely to
receive drugs available as generics, such as metformin and sulfonylureas, and less likely to receive newer agents.

Figure 7.12b Percentage of adults with CKD and type 2 diabetes receiving diabetes medications, 2015-2019

Data source: Medicare 5% sample. January 1, 2019 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Abbreviations:
DPP-4i, dipeptidyl peptidase 4 inhibitors; GLP-1RA, glucagon-like peptide-1 receptor agonists; INS, insulin; MEG, meglitinides; MET,
metformin; SGLT2i, sodium-glucose cotransporter-2 inhibitors; SU, sulfonylureas; TZD, thiazolidinediones

Temporal patterns in the prescription of diabetes medications are shown among Medicare FFS beneficiaries with CKD and type 2 DM in
Figure 7.12b. Among beneficiaries with stage 3 CKD, prescription of newer insulins decreased from 35.2% in 2015 to 32.3% in 2019;
prescriptions of sulfonylureas decreased from 28.9% to 26.1%. Over this period, prescriptions of metformin increased from 21.3% to 30.1%.
Prescription of GLP-1RAs more than doubled (from 3.7% to 8.0%), and prescription of SGLT2is more than tripled (1.1% to 3.4%). The same
trends were seen across all CKD beneficiaries.
Among beneficiaries with stages 4-5 CKD, medication prescription patterns were virtually unchanged between 2015 and 2019, except for

2

GLP-1RAs, where prescriptions almost tripled from 2.0% to 5.9%; newer insulins (prescribed in approximately 40% of beneficiaries) and
sulfonylureas (prescribed in >20%) were the most commonly prescribed medications. Although metformin was prescribed far less often to
individuals with stage 4-5 CKD than to individuals with stage 3 CKD, the drug is contraindicated in individuals with eGFR <30mL/min/1.73m ,
meaning that any use in patients with stage 4-5 CKD is inadvisable.
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Figure 7.13 Per person per year Part D insurance and out-of-pocket spending on diabetes medications in adults with CKD and type 2
diabetes, 2015-2019
Overall
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Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Costs are inflationadjusted (to 2019 dollars).

Figure 7.13 Per person per year Part D insurance and out-of-pocket spending on diabetes medications in adults with CKD and type 2
diabetes, 2015-2019

Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Costs are inflationadjusted (to 2019 dollars).
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Figure 7.13 Per person per year Part D insurance and out-of-pocket spending on diabetes medications in adults with CKD and type 2
diabetes, 2015-2019

Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Costs are inflationadjusted (to 2019 dollars).

Figure 7.13 Per person per year Part D insurance and out-of-pocket spending on diabetes medications in adults with CKD and type 2
diabetes, 2015-2019

Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Costs are inflationadjusted (to 2019 dollars).

PPPY insurance and out-of-pocket spending on diabetes medications in 2015-2019 among Medicare FFS beneficiaries with CKD are shown
in Figure 7.13. Overall, median PPPY insurance spending increased by 18% over this period, from $1420 to $1673. Median out-of-pocket
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PPPY spending was virtually unchanged, at <$50 throughout. Median PPPY insurance spending was substantially higher in beneficiaries
aged ≤65 years than in older individuals: for example, median PPPY spending was $5280 in beneficiaries aged 40-54 years, but one-fifth as
much ($1066) in individuals aged ≥85 years. Median PPPY out-of-pocket expenses were about twice as high in older (aged ≥66 years) than
in younger individuals, but median out-of-pocket spending was only $55, in even the costliest group (beneficiaries aged 70-74 years).
Median PPPY insurance spending was 22% higher in Black, as compared with White, beneficiaries, and nearly 5 times higher in
beneficiaries with the LIS than without the LIS. When considering LIS status and race/ethnicity simultaneously, White beneficiaries with the
LIS had highest median insurance cost for diabetes medications, and Black beneficiaries with and without the LIS had the lowest median
insurance costs; median out-of-pocket costs were highest in White beneficiaries without the LIS. In beneficiaries with LIS, out-of-pocket costs
were comparable across race/ethnicity groups.

Figure 7.14 Per person per year Part D insurance and out-of-pocket spending on diabetes medications, by users of each class, in adults
with CKD and type 2 diabetes, 2019

Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Abbreviations: DPP4i, dipeptidyl peptidase 4 inhibitors; GLP-1RA, glucagon-like peptide-1 receptor agonists; INS, insulin; MEG, meglitinides; MET, metformin;
SGLT2i, sodium-glucose cotransporter-2 inhibitors; SU, sulfonylureas; TZD, thiazolidinediones.

Figure 7.14 shows PPPY insurance and out-of-pocket spending on diabetes medications in 2019, separately by users of each medication
class, for Medicare Part D beneficiaries with CKD and type 2 DM. Overall, median PPPY insurance spending was $4111 for GLP-1RAs,
$2721 for DPP-4is, $2469 for SGLT2is, $2454 for newer insulins, and $1509 for older insulins; other agents examined had far lower costs.
These five classes also incurred the highest median PPPY out-of-pocket costs overall, although these varied greatly by LIS status (>$300
for each for those without the LIS vs. less than $10 for each for those with the LIS). For these 5 classes, mean insurance costs were
typically twice as high (or more) among beneficiaries with the LIS as among beneficiaries without the LIS.
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Figure 7.15 Percentage of adults with CKD and type 2 diabetes receiving diabetes medication combination therapy, 2015-2019
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Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage and who are using at
least 1 diabetes medication. Abbreviations: DPP-4i, dipeptidyl peptidase 4 inhibitors; GLP-1RA, glucagon-like peptide-1 receptor agonists;
INS, insulin; MET, metformin; SU, sulfonylureas.

Figure 7.15 shows trends in use of medication combinations for DM in Medicare FFS beneficiaries with CKD who were using at least 1 such
medication. Metformin remained a mainstay of therapy between 2015 and 2019. The 2 most commonly prescribed medication
combinations, metformin plus sulfonylureas and metformin plus insulin, increased in use between 2015 and 2019 and were prescribed to
8.6% and 7.0% of beneficiaries, respectively, in 2019. Among those assessed, the only other combinations that increased over this period
were GLP-1RAs plus insulin and metformin plus DPP-4is, although in absolute terms the increase in these combinations was quite small.
The combination for which prescribing fell most markedly was sulfonylureas plus insulin.
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Figure 7.16a Percentage of adults with CKD stage 4-5 receiving potassium binders, 2015-2019
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Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage.

Figure 7.16a Percentage of adults with CKD stage 4-5 receiving potassium binders, 2015-2019

Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage.
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Figure 7.16a Percentage of adults with CKD stage 4-5 receiving potassium binders, 2015-2019

Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage.

Potassium binder prescribing remained relatively unchanged, at about 4%, between 2015 and 2019 in Medicare FFS beneficiaries with
stage 4-5 CKD (Figure 7.16a). Over this period, prescribing of sodium polystyrene sulfate decreased while prescribing of patiromer
increased steadily, although the latter was used in only 1.4% of beneficiaries in 2019. Only in 2019 did sodium zirconium cyclosilicate begin
to be prescribed. Potassium binders were prescribed less frequently among beneficiaries aged 18-39 years compared with individuals aged
≥40 years. Potassium binders were prescribed about one-and-a-half times more often for Black individuals, as compared with their White
counterparts, and for those with the LIS compared with those without the LIS.

Figure 7.16b Percentage of adults with CKD stage 4-5 and who are on ACEi/ARB therapy receiving potassium binders, 2015-2019
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Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 with Part D coverage.

S141

Figure 7.16b Percentage of adults with CKD stage 4-5 and who are on ACEi/ARB therapy receiving potassium binders, 2015-2019

Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 with Part D coverage.

Figure 7.16b Percentage of adults with CKD stage 4-5 and who are on ACEi/ARB therapy receiving potassium binders, 2015-2019

Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 with Part D coverage.

About 4% of Medicare FFS beneficiaries with stage 4-5 CKD who were prescribed ACEi/ARB therapy in 2015-2019 also received
potassium binders (Figure 7.16b). A lower percentage of the oldest beneficiaries (those aged ≥85 years) were prescribed potassium binders
relative to younger beneficiaries. A higher percentage of Black beneficiaries who received ACEi/ARBs were prescribed potassium binders
than White beneficiaries. HF status made little difference, but a higher percentage of beneficiaries with LIS, compared with those without,
were prescribed potassium binders (as was the case for the overall CKD population, as shown in Figure 7.16a).
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Figure 7.17 Percentage of adults with CKD receiving antidepressant medications, 2015-2019
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Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Abbreviations: SNRI,
serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.

Figure 7.17 Percentage of adults with CKD receiving antidepressant medications, 2015-2019

Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Abbreviations: SNRI,
serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.
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Figure 7.17 Percentage of adults with CKD receiving antidepressant medications, 2015-2019

Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Abbreviations: SNRI,
serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.

Figure 7.17 Percentage of adults with CKD receiving antidepressant medications, 2015-2019

Data source: Medicare 5% sample. January 1 point prevalent FFS beneficiaries aged ≥18 years with Part D coverage. Abbreviations: SNRI,
serotonin-norepinephrine reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant.

Among Medicare FFS beneficiaries with CKD, nearly 3 out of 8 received an antidepressant in 2019 (Figure 7.17). Prescription of
antidepressants increased from 34.7% in 2015 to 36.1% in 2019. SSRIs were the most commonly prescribed class of agents. A
substantially higher percentage of beneficiaries aged ≤65 years received antidepressants compared with beneficiaries aged ≥66 years.
Women received antidepressants about one-and-half-times more often than men, and White beneficiaries were more likely to receive
any antidepressant than Black beneficiaries (38.1% versus 27.7%). Beneficiaries receiving the LIS were about one-and-a-half times
more likely to receive antidepressants than beneficiaries without. White beneficiaries with the LIS were more than one-and-a-half times
as likely to receive depressants compared with White beneficiaries without the LIS; Black beneficiaries with the LIS were nearly twice as
likely to receive any antidepressant compared with Black beneficiaries without the LIS.
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Summary
By 2019, nearly 75% of Medicare FFS beneficiaries with CKD (and about of 70% of beneficiaries without CKD) were enrolled in Medicare
Part D, representing a sharp increase in both populations relative to a decade before. Total Medicare prescription drug expenditures
increased almost 3-fold between 2009 and 2019 among beneficiaries with CKD enrolled in stand-alone Medicare Part D plans, which is
striking in view of fact that expenditures among beneficiaries without CKD increased by <30%. In 2019, Part D expenditures for beneficiaries
with CKD were $14.2 billion, accounting for >20% of all stand-alone Medicare Part D plan spending among beneficiaries without ESRD. This
large increase in drug costs stems largely from increases in the number of beneficiaries with diagnosed CKD over the period. Although
median PPPY drug costs decreased in Part D beneficiaries with CKD, the decrease in PPPY drug costs in Part D beneficiaries without CKD
was nearly 3 times as great. CKD appears to be a major driver of costs: median PPPY Part D costs were five times higher in Medicare FFS
beneficiaries, and 4 times higher in Medicare Advantage beneficiaries, who had CKD compared with beneficiaries who did not have CKD.
Approximately one third of beneficiaries with CKD qualified for the LIS. However, there were dramatic differences by race: about 87% of
Hispanic, 75% of Asian, and 60% of Black individuals received the LIS compared with only 26% of White individuals. In adult Medicare FFS
beneficiaries with CKD, median PPPY Part D insurance costs were about 6 times higher among those with the LIS than among those
without. Median PPPY out-of-pocket spending in 2019, however, was about twice as high among beneficiaries without the LIS relative to
those with it.
Among individuals with CKD, Part D expenditures were much higher for beneficiaries ≤65 years of age than for older beneficiaries, which
was likely related to non-CKD-associated disabilities that qualify younger individuals for Medicare. However, among beneficiaries ≥66 years
of age, the pattern of drug costs across age groups differed among beneficiaries with and without CKD. Whereas there was very little
difference in median PPPY insurance costs by age group among beneficiaries without CKD, median PPPY insurance costs decreased with
advancing age among beneficiaries with CKD. Why this pattern was observed is not clear, but likely explanations include relatively better
health among older beneficiaries with CKD compared with younger ones and/or lower drug utilization relative to health status in older vs.
younger beneficiaries. It is possible that older individuals were more likely to have CKD diagnosed on the basis of age-related decline in
kidney function and less likely to have other systemic or kidney-specific causes of CKD. Alternatively (or additionally), older beneficiaries
with CKD may be less likely to receive medications for concomitant conditions such as cancer or atrial fibrillation than younger beneficiaries
with these comorbid conditions. Evidence for the latter possibility is that many of the costliest medications prescribed to beneficiaries with
CKD were for the treatment of non-CKD-related conditions. In addition, this year’s closer examination of treatment of diabetes showed that
older patients were less likely to receive more expensive medications – such as newer insulins, GLP-1 receptor antagonists, and SGLT2
inhibitors – and more likely to receive sulfonylureas, which are available in generic form.
Medications for the prevention and treatment of cardiovascular disease accounted for 3 of the 4 most commonly prescribed classes of
medications – statins, ACEi/ARBs, and beta blockers – in Medicare FSS beneficiaries, Medicare Advantage beneficiaries, and commercial
insurance enrollees alike. In addition, despite overall reductions in opioid prescribing in the general population over the last decade, as well
as among the CKD population (see Figure 7.10 of the CKD Volume of the 2020 ADR), opioids were still the 1 of the 6 most commonly
prescribed medications in all three of the insurance programs.
Whereas many of the most commonly prescribed medications were related to management of CVD and CKD, many of the medications
accounting for the greatest proportion of overall spending were relatively expensive medications used to treat conditions such as cancer,
diabetes, infections, and autoimmune diseases. These observations suggest that efforts to contain medication costs in the general Medicare
population could result in substantial savings in the CKD population even without initiatives targeted specifically to this population.
Medication prescribing for cardiovascular conditions may not be optimal in Medicare FFS or Medicare Advantage beneficiaries with CKD (or,
for that matter, for those without CKD). Less than half of beneficiaries with CKD and CAD, AMI, and/or HF received proven combinations of
cardioprotective medications that appear to be indicated. There may also be nihilism about the treatment of NVAF, as one third of Medicare
FFS, and more than two fifths of Medicare Advantage, beneficiaries with this condition did not receive oral anticoagulants.
Among Medicare FFS beneficiaries with stage 3 CKD and type 2 DM, older oral medications for DM – metformin and sulfonylureas –
remained mainstays of therapy, although newer insulins have largely displaced older insulins. In patients with more advanced CKD (stages
4-5) and type 2 DM, nearly 8% of patients received metformin, a drug which should not be used with the eGFR falls below 30
mL/min/1.73m2. Sulfonylureas remain the most commonly prescribed oral agents. Those without the LIS were more likely to receive drugs
that are available in generic form, such as metformin and sulfonylureas, and less likely to receive newer agents (newer insulins, DPP-4i,
GLP-1RA or SGLT2i). Thus, it appears that high out-of-pocket costs may be limiting access to newer DM medications for beneficiaries
without the LIS. It is these newer agents, as expected, that have the highest median PPPY costs.
Potassium binders were used at least transiently in approximately 4% of Medicare FFS beneficiaries with stage 4-5 CKD in 2019, with a
modest decrease in prescription of sodium polystyrene sulfate and an increase in new potassium binders (patiromer and sodium zirconium
cyclosilicate). Interestingly, Black beneficiaries used these agents more than one-and-a-half times as often as White beneficiaries in 2019;
whether and how hyperkalemia in late-stage CKD varies by race should be more fully explored.
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Finally, it is clear that depression remains a major problem among individuals with CKD: over one third received a prescription for an
antidepressant in 2019, and prescriptions appear to be slowly increasing over time. White beneficiaries are treated substantially more often
than Black beneficiaries; whether this reflects a disparity in diagnosis, differences in access to care, or differences in socioeconomic or
cultural factors should be explored.
For more information see the USRDS Annual Data Report website, Volume 1 Chronic Kidney Disease, Chapter 7. Prescription Drug
Coverage in Patients with CKD, located here: https://adr.usrds.org/2021/chronic-kidney-disease/7-prescription-drug-coverage-in-patientswith-ckd
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Chronic Kidney Disease: Chapter 8

Transition of Care in Chronic Kidney Disease
Highlights
Less than 7% of dually eligible (Medicare-Medicaid) beneficiaries and <5% of Medicare fee-for-service (FFS) beneficiaries with stage 5
CKD were prescribed phosphate binders, and <15% of dually eligible and FFS beneficiaries with stage 5 CKD received erythropoiesisstimulating agents (ESAs) (Figure 8.1).
Among Medicare beneficiaries aged ≥66 years with incident ESRD in 2019, the median eGFR at dialysis initiation was 9.2
ml/min/1.73m2, nearly identical to the median in 2014 (Figure 8.2). In 2019, one-quarter of beneficiaries with incident ESRD had an
eGFR above 12.1 ml/min/1.73m2, and one-quarter had an eGFR ≤6.9 ml/min/1.73m2. White individuals had the highest median eGFR
at incident ESRD (9.7 ml/min/1.73m2) and Black individuals the lowest (7.7 ml/min/1.73m2 – fully 2 ml/min/1.73m2 lower than in White
individuals).
The percentage of older adults with Medicare FFS who transitioned to maintenance dialysis outside of the hospital increased
substantially between 2014 and 2019, from 44.9% to 58.6% (Figure 8.3) – a relative increase of more than 30%. However, although
61.4% of White individuals transitioned to ESRD outside the hospital, only 53.0% of Black and 48.4% of Hispanic individuals did so.
Among older Medicare FFS beneficiaries, rates of hospitalization for acute kidney injury (AKI), hyperkalemia, and heart failure
(HF)/volume overload in 2019 were only slightly higher in those with stage 5 CKD than in beneficiaries with stage 4 CKD (Figure 8.4b).
Black beneficiaries with stage 4 CKD were nearly one-and-half-times as likely as White individuals to be hospitalized for AKI; among
beneficiaries with stage 5 CKD, Black, Hispanic, and Asian individuals were more likely to be hospitalized for AKI than White
individuals (Figure 8.4c).
In older adults with stages 4-5 CKD, 2.6% of Medicare FFS and 2.9% of dually eligible beneficiaries underwent placement of a
permanent vascular access in 2019 (Figure 8.6). A higher percentage of younger (aged ≤74 years) as opposed to older, Black as
opposed to White, and diabetic as opposed to non-diabetic, individuals had a vascular access placed.
Over 60% of older Medicare beneficiaries received kidney replacement therapy with the year following vascular access placement
(Figure 8.7). Overall, 29.9% of older Medicare beneficiaries remained alive and free of dialysis 1 year after undergoing a vascular
access procedure, over half (58.4%) had started hemodialysis (HD; 32.2% using a fistula or graft and 26.2% using a catheter), and
9.4% had died.

Introduction
This chapter examines care of patients with advanced (stage 4-5) non-dialysis-dependent CKD. We first examine use of medications related
to CKD and its complications, then describe eGFR at initiation of maintenance dialysis and the percentage of patients who initiated dialysis
outside of the hospital setting. We examine events that might precipitate incident ESRD, such as hospitalization for AKI, hyperkalemia, and
HF/fluid overload. We next present data on use of erythropoiesis-stimulating agents (ESAs) and intravenous (IV) iron before patients reach
ESRD. Finally, we examine placement of arteriovenous access for HD preparation and the outcomes following the placement procedures,
namely remaining with advanced CKD, initiating HD with or without a permanent access, receiving a kidney transplant, or dying.

Methods
This chapter uses data from the Medicare 5% fee-for- service (FFS) random sample as well as from the ESRD database. Most analyses in
this chapter are based on point-prevalent cohorts with stage 4-5 CKD as of January 1, 2019 who had 1 year of previous Medicare Parts A
and B FFS coverage. Analyses of medication use are limited to beneficiaries who had Part D coverage; these analyses show receipt of
prescriptions for key medication classes in the 6 months prior to January 1, 2019. Analyses of outcomes such as hospitalization, treatment
with medications such as ESAs and IV iron, and vascular access placement are conducted during follow-up in 2019. Use of ESAs and IV
iron are further limited to beneficiaries who had Part D coverage on January 1, 2019. Beneficiaries dually eligible for Medicare and Medicaid
are identified based on the dual eligibility status on January 1, 2019 using the Medicare Beneficiary Summary file.
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Some analyses use ESRD database only. The analyses of eGFR distribution at transition to maintenance dialysis and out-of-hospital
transition to maintenance dialysis are based on Medicare beneficiaries with previously diagnosed CKD stage 4 or 5 who initiated
maintenance dialysis from July to December of 2014 and 2019. Analysis of outcomes after placement of a vascular access for dialysis use
both Medicare 5% sample and ESRD databases. The analyses are based on a pooled cohort of beneficiaries with CKD stages 4 or 5 who
underwent a vascular access procedure in 2014-2018, with outcomes ascertained for up to one year through the end of 2019.
Note that some figures show CKD by stages (i.e., display separate groups labelled by specific stage of CKD). Individuals with unknown or
unspecified stage of CKD (representing approximately 19% of Medicare FFS beneficiaries aged ≥66 years with CKD in 2019) are not
included in any stage-specific group. However, patients with unknown or unspecified stage of CKD are included in the CKD group in figures
that contrast “No CKD” with “CKD.”
For an explanation of the analytical methods used to generate the study cohorts, figures, and tables in this chapter, see the section on
Chapter 8 within the CKD Analytical Methods.

Table 8.1 Characteristics of older adults with CKD stage 4-5, 2019
Medicare FFS only

Medicare and Medicaid dual eligible

(N = 12,181)

(N = 2,890)

4

87.2

83.4

5

12.8

16.6

66-69

10.2

14.9

70-74

17.2

18.3

75-79

19.8

17.5

80-84

20.1

17.8

85+

32.7

31.5

Female

48.9

31.2

Male

51.1

68.8

White

85.4

59.0

Black

10.3

21.7

Hispanic

0.6

6.3

Asian

1.1

8.2

Other

2.5

4.8

Atherosclerotic heart disease

45.3

47.2

Heart failure

39.9

48.8

Cerebrovascular accident

18.4

22.5

Peripheral vascular disease

36.4

42.9

Cardiac other

32.4

31.6

Chronic obstructive pulmonary disease

26.2

36.2

Gastrointestinal bleeding

7.9

9.2

Liver disease

4.2

5.9

Dysrhythmia

44.1

41.7

Cancer

18.3

12.1

Diabetes

53.1

64.9

Anemia

60.0

66.7

Hypertension

95.9

96.8

CKD stage

Age category (in years)

Sex

Race/Ethnicity

Comorbidities

Data source: Medicare 5% sample database. January 1 point prevalent beneficiaries aged ≥66 years with Medicare Parts A and B coverage.
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Characteristics of older adults (aged ≥66 years) with stage 4-5 CKD and Medicare FFS coverage (alone) or dual Medicare and Medicaid
coverage are shown in Table 8.1. Beneficiaries aged ≥85 years constituted the largest age group (Medicare FFS, 32.7%; dually eligible,
31.5%). The percentage of men and non-White individuals was much higher in the dually eligible population; about two thirds were men,
21.7% were Black, 6.3% Hispanic, and 8.2% Asian. Most comorbidities were more common in the dually eligible than in Medicare FFS
beneficiaries, although cancer was a notable exception.

Figure 8.1 Receipt of key medications in older adults with CKD stage 4-5, 2019

Percentage

80
60
40

- Medicare only, Stage 4

- Medicare only, Stage 5

SGLT2 inhibitors*

Insulin*

SSRI/SNRIs

Opioids

ESAs

Potassium binders

Vitamin D analogs

Phosphate binders

Beta blockers

0

ACEi/ARBs

20

- Dual eligible, Stage 4

- Dual eligible, Stage 5
Data source: Medicare 5% sample database. January 1 point prevalent beneficiaries aged ≥66 years with Medicare Parts A, B and D
coverage. *Assessed only among beneficiaries with diabetes.

The percentage of Part D beneficiaries with CKD stages 4-5 who received prescriptions for key medication classes in the 6 months prior to
January 1, 2019 is shown in Figure 8.1. Results are depicted by stage of CKD and type of insurance coverage. With the sole exception of
ESAs in beneficiaries with stage 5 CKD, medications of all types were used more commonly in dually eligible beneficiaries than in FFS
beneficiaries. Angiotensin converting enzyme inhibitors/angiotensin receptor blockers (ACEi/ARBs), beta blockers, and insulin were used
more often in beneficiaries with stage 4 than stage 5 CKD, irrespective of insurance coverage. However, less than one third of Medicare
FFS beneficiaries with stage 4 CKD received ACEi/ARBs in the prior 6 months. Although a higher percentage of dually eligible beneficiaries
received these medications, more than half did not. As expected, medications directly associated with CKD progression, such as phosphate
binders, vitamin D analogs, potassium binders, and ESAs were used more commonly in beneficiaries with stage 5 CKD. Opioids were
prescribed in about 1 in 5 FFS beneficiaries and in about 1 in 3 dually eligible beneficiaries with stages 4-5 CKD.
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Figure 8.2 Estimated GFR at transition to maintenance dialysis in older adults with previously diagnosed CKD stage 4-5, 2014 and 2019

Data source: USRDS ESRD database. ESRD Medical Evidence Report (CMS 2728) was used to determine eGFR values.

Figure 8.2 Estimated GFR at transition to maintenance dialysis in older adults with previously diagnosed CKD stage 4-5, 2014 and 2019

Data source: USRDS ESRD database. ESRD Medical Evidence Report (CMS 2728) was used to determine eGFR values.

Among Medicare beneficiaries aged ≥66 years with incident ESRD in 2019, the median eGFR at dialysis initiation was 9.2 ml/min/1.73m2,
nearly identical to the median in 2014 (Figure 8.2). In 2019, fully one-quarter of beneficiaries with incident ESRD had an eGFR above 12.1
ml/min/1.73m2 and one-quarter had an eGFR ≤6.9 ml/min/1.73m2. In 2019, younger beneficiaries initiated dialysis with lower median
eGFRs, on average, than older beneficiaries (e.g., 8.8 ml/min/1.73m2 in beneficiaries aged 66-69 years versus 9.3 ml/min/1.73m2 in
beneficiaries aged ≥85 years), and men had a median eGFR that was 0.9 ml/min/1.73m2 higher than women. White individuals had the
highest median eGFR at incident ESRD (9.7 ml/min/1.73m2) and Black individuals the lowest (7.7 ml/min/1.73m2 – fully 2 ml/min/1.73m2
lower than in White individuals).
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Figure 8.3 Out-of-hospital transition to maintenance dialysis in older adults with previously diagnosed CKD stage 4-5, 2014 and 2019

Data source: USRDS ESRD database. Medicare inpatient claims were used to determine whether the transition occurred outside of
the hospital.

Figure 8.3 Out-of-hospital transition to maintenance dialysis in older adults with previously diagnosed CKD stage 4-5, 2014 and 2019

Data source: USRDS ESRD database. Medicare inpatient claims were used to determine whether the transition occurred outside of
the hospital.

The percentage of older adults with Medicare FFS who transitioned to maintenance dialysis outside of the hospital increased substantially
between 2014 and 2019, from 44.9% to 58.6% (Figure 8.3); this represents a relative increase of more than 30%. The percentage
transitioning to dialysis outside the hospital was lowest in the oldest beneficiaries (those aged ≥85 years) in both 2014 and 2019. In 2019,
there was little difference between men and women, but there were substantial differences by race/ethnicity: in 2019, 61.4% of White, but
only 53.0% of Black and 48.4% of Hispanic, individuals transitioned to ESRD outside the hospital.
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Figure 8.4a Rate of hospitalization, emergency department encounters, and observation stays in older adults with CKD stage 4-5, 2019

Events per 1000 person-years

1200
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Stage 5

- Hospitalization

- Ob Stay

- ED Visit

Data Source: Medicare 5% sample database. January 1 point prevalent beneficiaries aged ≥66 years with Medicare Parts A and B coverage.

In 2019, among older adults with Medicare FFS, rates of hospitalization were higher in beneficiaries with more advanced CKD: 888.1 per
1000 person-years among beneficiaries with stage 4 CKD and 1056.7 per 1000 person-years among those with stage 5 CKD (Figure 8.4a).
Emergency department encounters and observation stays also occurred at a higher rate among individuals with stage 5 CKD compared with
those with stage 4 CKD.

Figure 8.4b Rate of hospitalization for AKI, hyperkalemia, and heart failure among older adults with CKD stage 4-5, 2019

Hospitalizations per 1000 person-years

200
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- HF/Volume Overload

Data Source: Medicare 5% sample database. January 1 point prevalent beneficiaries aged ≥66 years with Medicare Parts A and B coverage.

In 2019, rates of hospitalization for AKI, hyperkalemia, and HF/volume overload were only slightly higher in older Medicare FFS
beneficiaries with stage 5 CKD than in beneficiaries with stage 4 CKD (Figure 8.4b). Hospitalization for HF/volume overload was more than
twice as common as hospitalization for AKI; hospitalization for hyperkalemia was comparatively uncommon, even among beneficiaries with
stage 5 CKD.
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Figure 8.4c Rate of hospitalization for AKI among older adults with CKD stage 4-5, 2019
Age

Sex

Race/Ethnicity

Hospitalizations per 1000 person-years

By Age
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Data Source: Medicare 5% sample database. January 1 point prevalent beneficiaries aged ≥66 years with Medicare Parts A and B coverage.

Figure 8.4c Rate of hospitalization for AKI among older adults with CKD stage 4-5, 2019

Data Source: Medicare 5% sample database. January 1 point prevalent beneficiaries aged ≥66 years with Medicare Parts A and B coverage.

Among older Medicare FFS beneficiaries in 2019, the pattern for AKI hospitalizations was highly variable across age groups and, notably,
were not highest in the oldest beneficiaries; the youngest beneficiaries (those aged 66-69 years) with stage 5 CKD had the highest rate, at
97.9 hospitalizations per 1000 person-years (Figure 8.4c). Note, however, that the counts for some of the age groups were small, so
conclusions should be drawn with caution. Women with stage 4 CKD were more likely to be hospitalized than men, but the reverse was true
for beneficiaries with stage 5 CKD. Among beneficiaries with stage 4 CKD, Black individuals were nearly one-and-half-times as likely as
White individuals to be hospitalized for AKI. Among beneficiaries with stage 5 CKD, Black, Hispanic, and Asian individuals were more likely
to be hospitalized for AKI than White individuals.
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Figure 8.4d Rate of hospitalization for heart failure or volume overload among older adults with CKD stage 4-5, 2019
Age

Sex

Race/Ethnicity

Hospitalizations per 1000 person-years

By Age
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Data Source: Medicare 5% sample database. January 1 point prevalent beneficiaries aged ≥66 years with Medicare Parts A and B coverage.

Figure 8.4d Rate of hospitalization for heart failure or volume overload among older adults with CKD stage 4-5, 2019

Data Source: Medicare 5% sample database. January 1 point prevalent beneficiaries aged ≥66 years with Medicare Parts A and B coverage.

Medicare FFS beneficiaries aged ≥75 years with stages 4-5 CKD were more likely to be hospitalized for HF or volume overload than were
younger beneficiaries (Figure 8.4d). Men with stage 4 CKD were more likely to be hospitalized than women; the reverse was true for
individuals with stage 5 CKD. Among beneficiaries with stage 4 CKD, Black individuals were less likely than Hispanic, Asian, or White
individuals to be hospitalized for HF/volume overload. Among beneficiaries with stage 5 CKD, however, Black individuals were more likely to
be hospitalized than others.
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Figure 8.5 Percentage of older adults with stage 4-5 CKD receiving ESA and IV iron treatment, 2019
Overall

Age

Sex

Race/Ethnicity

DM

Overall
20

Percentage

15
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5

0

ESAs

IV iron
- Medicare only

- Dual eligible

Data source: Medicare 5% sample database. January 1 point prevalent beneficiaries aged ≥66 years with Medicare Parts A, B and D
coverage.

Figure 8.5 shows the percentage of older adults with stage 4-5 CKD receiving ESAs and IV iron treatment in 2019 by age, sex,
race/ethnicity, and DM status. Overall, <12% of all beneficiaries received ESAs and <7% received IV iron. The oldest individuals (those
aged ≥85 years) were least likely to receive either therapy, irrespective of insurance type. Men and women had generally similar use of
ESAs and IV iron. Black individuals were about one-and-a-half times more likely to receive ESAs than White individuals, irrespective of
insurance status, but differences by race/ethnicity for IV iron were relatively small. Beneficiaries with DM were more likely to receive ESAs
and IV iron than beneficiaries without DM.

Figure 8.6 Percentage of older adults with stage 4-5 CKD undergoing vascular access placement, 2019

Data source: Medicare 5% sample database. January 1 point prevalent beneficiaries aged ≥66 years with Medicare Parts A and B coverage.
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Figure 8.6 Percentage of older adults with stage 4-5 CKD undergoing vascular access placement, 2019

Data source: Medicare 5% sample database. January 1 point prevalent beneficiaries aged ≥66 years with Medicare Parts A and B coverage.

Figure 8.6 Percentage of older adults with stage 4-5 CKD undergoing vascular access placement, 2019

Data source: Medicare 5% sample database. January 1 point prevalent beneficiaries aged ≥66 years with Medicare Parts A and B coverage.

In older adults with stages 4-5 CKD, 2.6% of Medicare FFS and 2.9% of dually eligible beneficiaries underwent placement of a permanent
vascular access in 2019. A higher percentage of younger (aged ≤74 years), as opposed to older, beneficiaries had a permanent access
placed, irrespective of insurance type. Among Medicare FFS beneficiaries, a higher percentage of men than women had an access placed;
among the dually eligible, the reverse was true. A higher percentage of Black than White individuals had a vascular access placed,
irrespective of insurance type. A higher percentage of individuals with DM (versus no DM) had a vascular access placed in 2019.
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Figure 8.7 Outcomes in the year following vascular access placement in older adults with CKD stage 4-5, 2014-2018
Overall
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Data source: Medicare 5% sample and USRDS ESRD databases. Medicare beneficiaries with Parts A and B coverage aged ≥66 years at
the date of vascular access placement.

Over 60% of older Medicare beneficiaries received kidney replacement therapy with the year following vascular access placement (Figure
8.7). Overall, 29.9% of older Medicare beneficiaries remained alive and free of dialysis 1 year after undergoing a vascular access
procedure. Over half (58.4%) had started HD (32.2% using a fistula or graft and 26.2% using a catheter); 9.4% had died. Older beneficiaries
were more likely to die and less likely to remain alive and be dialysis-free 1 year after placement of a permanent vascular access. Men were
more likely to have started dialysis and to have died than women. Black individuals were more likely to have started dialysis (61.2%) than
White patients (56.1%), but White individuals were slightly more likely to have died.
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Summary
With the advent of innovative comprehensive care models such as the Kidney Care First (KCF), Comprehensive Kidney Care Contracting
(CKCC), and ESRD Treatment Choices (ETC) models implemented by the Centers for Medicare and Medicaid Services (CMS), the care of
patients with stages 4-5 CKD will take on increasing importance in future years. As such, this year’s ADR chapter on Transition of Care in
Chronic Kidney Disease focuses exclusively on beneficiaries with stages 4-5 CKD whose CKD care may be covered under these models.
Medication use in advanced CKD is an important public health focus. Less than half of beneficiaries with stages 4-5 CKD received
ACEi/ARBs. The findings that use of an ACEi/ARB declines as CKD advances, resulting in a low percentage of patients who remain on
these medications after reaching stage 5 CKD, mirror results described in the Chronic Renal Insufficiency Cohort (CRIC) (Ku et al., 2018).
Dual eligibility appears to increase access to medications. Although DM was somewhat more common in dually-eligible individuals (64.9%)
than in non-dually-eligible individuals (53.1%), ACEi/ARB use was about 50% higher in dually eligible individuals.
Although use of potassium binders was relatively uncommon (used by <6% in individuals with stage 4-5 CKD), 2 relatively new agents have
recently been approved (patiromer in 2015 and sodium zirconium cyclosilicate in 2018); it is possible use of this class of agents will increase
over time. Perhaps more importantly, it will be critical to ascertain whether use of these drugs reduces rates of hospitalization for
hyperkalemia, particularly in individuals with stage 5 CKD (in whom refractory hyperkalemia is often a reason for initiation of dialysis). An
additional potential benefit of greater use of potassium binders is that they could facilitate continued use of ACEi/ARBs in advanced CKD;
this could, in turn, delay initiation of maintenance dialysis in patients with proteinuria or heart failure.
A relatively small percentage of beneficiaries with stage 4-5 CKD received intensive anemia treatment: <12% of beneficiaries received
ESAs and <7% received IV iron. Opioid use was relatively common, however. The percentage of patients receiving at least 1 prescription for
an opioid was extraordinarily high, particularly among dually eligible beneficiaries (one third of whom received at least 1 prescription in
2019), although the percentage has come down over time (see the 2019 ADR, Volume 1, Figure 7.10). Although opioid use is often
transient, even short-term use may be associated with adverse outcomes in patients with ESRD. Therefore, use of these drugs is a major
focus of the National Institute of Diabetes and Digestive Diseases (NIDDK), which is currently funding a national clinical trial designed to
examine whether pain coping skills training can reduce pain and opioid use in patients receiving maintenance HD (ClinicalTrials.gov
identifier NCT04571619). As such, whether and how opioid prescribing carries over from the predialysis to dialysis environment as patients
transition to maintenance dialysis should be a topic for thorough study.

For reasons that remain uncertain, the percentage of individuals who initiated maintenance dialysis outside the hospital has increased by
>30% – a welcome development. However, Black individuals were substantially more likely to initiate dialysis in the hospital than were White
individuals, which may be a result of access to predialysis care or to the specific clinical circumstances in which they transition. Black
individuals with advanced CKD are more likely than White individuals to be hospitalized for AKI, suggesting that AKI may be an “inciting
event” for the transition to ESRD. Black individuals are also far more likely to be hospitalized for HF/volume overload in stage 5 CKD; as
with AKI, HF/volume overload could be an inciting event that occurs more commonly in Black than in White individuals. Whether and how
the much lower eGFR (2 mL/min/1.73m2) at which Black individuals transition to ESRD may play a role should also be studied.
The percentage of beneficiaries with stage 4 or 5 CKD who underwent procedures to create a permanent vascular access was relatively
low, but these procedures were more common in dually eligible individuals – again suggesting that Medicaid may permit greater access to
care. Older beneficiaries were less likely to undergo vascular access procedures than younger ones. This may indicate that older individuals
may exhibit slower progression of CKD, allowing a longer period during which an access can be placed before ESRD onset. In addition,
clinicians may be appropriately placing access in patients likely to survive to ESRD while foregoing unwarranted access procedures in older
patients who are not likely to reach ESRD. That the majority of patients who underwent vascular access procedures began kidney
replacement therapy within 1 year – and that less than 10% died in that period – suggests that clinicians are targeting appropriate patients
for vascular access surgery. However, nearly one third of those who underwent an access procedure remained alive without requiring
dialysis after 1 year, and, disappointingly, one-quarter still started dialysis with a catheter. These observations, combined with the relatively
low percentage of patients starting dialysis with a functioning vascular access (ESRD Volume, Chapter 3), suggest that there is room for
improvement in management of dialysis access placement. Some patients are undergoing procedures earlier than may be needed, and
others are undergoing procedures too late to allow for maturation prior to dialysis initiation. Clearly, patient selection for, and timing of,
placement of a permanent vascular access remains a complicated problem for nephrologists.
For more information, see the USRDS Annual Data Report website, Volume 1 Chronic Kidney Disease, Chapter 8. Transition of Care in
Chronic Kidney Disease, located here: https://adr.usrds.org/2021/chronic-kidney-disease/8-transition-of-care-in-chronic-kidney-disease
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Data Sources for CKD Volume, 2021 USRDS ADR
For the Chronic Kidney Disease (CKD) volume of 2021 Annual Data Report (ADR), the USRDS uses several data
sources to describe kidney disease not requiring treatment by dialysis or kidney transplantation in the U.S. These contain
data regarding patient diagnoses, demographic characteristics, healthcare procedures, prescription drug plan
participation, and filled prescriptions. Data on the non-institutionalized, general population are from the National Health
and Nutrition Examination Survey (NHANES) and the Behavioral Risk Factor Surveillance System (BRFSS). For patients
with CKD, acute kidney injury (AKI) and related comorbidities, the data is from the standard Centers for Medicare &
Medicaid Services (CMS) Medicare 5% sample.
National Health and Nutrition Examination Survey
NHANES is a series of health examination surveys conducted by the National Center for Health Statistics (NCHS) of the
U.S. Centers for Disease Control and Prevention (CDC). Begun in 1959, NHANES was designed to monitor the health
and nutritional status of the non-institutionalized civilian population in the U.S. In 1999, NHANES became a continuous,
annual survey to provide for more timely and regular estimates; public-use data files are released every two years.
NHANES are nationally representative, cross-sectional surveys with a complex, stratified, multi-stage probability cluster
sampling design that includes the selection of primary sampling units (counties), household segments within the counties,
and sample persons from selected households (Ingram et al., 2018). Survey participants are interviewed in their homes
and/or receive standardized medical examinations in mobile examination centers. African Americans, Mexican Americans,
and individuals aged 60 or older are over-sampled to improve the estimates for these subgroups. Data from 2003–2018
are used in the 2021 ADR.
Optum® de-identified Clinformatics® Data Mart database
Optum® de-identified Clinformatics® Data Mart database provides paid medical and prescription claims and enrollment
information for participants in commercial insurance and Medicare Advantage plans derived from a large adjudicated data
warehouse of commercial and Medicare advantage claims. Included plan members are enrolled in both a medical and a
prescription plan, and the sample represents all areas of the country. Optum data from 2019 are used in estimating CKD
prevalence, assessing the burden of illness and hospitalizations in CKD patients in the CKD volume.
CMS Medicaid T-MSIS Analytic Files (TAF)
The CMS Transformed Medicaid Statistical Information System (T-MSIS) analytical file contains information on Medicaid
beneficiaries and CHIP program enrollees. The information includes enrollment records, service utilization, claims, and
management care. The USRDS requested the T-MSIS files for beneficiaries with advanced CKD and AKI
diagnosis/procedure codes in 2018-2019. These data are used in various chapters in the CKD volume. According to
DQATLAS, a Medicaid data quality monitoring website, four states/territories’ (NH/RI/PR/VI) data are in “high concern”
category in either inpatient or other service claims volume and lower than normal volume. They are excluded from the
2021 ADR analysis.
Centers for Medicare & Medicaid Services Medicare 5% Sample
These files contain billing data from final action claims on behalf of Medicare beneficiaries; all adjustments have been
resolved, and submitted to Medicare by healthcare providers for reimbursement. CMS and its contractors produce the 5%
datasets by selecting all final action claims for Medicare beneficiaries whose CMS Health Insurance Claim (HIC) number
has the last two digits of 05, 20, 45, 70 or 95. These five two-digit pairs were randomly selected to create a sample
containing 5% of the total number of Medicare beneficiaries (Merriman and Asper, 2007).
The sample design creates a built-in longitudinal panel dataset as well as a nationally representative, yearly cross-section
sample. Once in the sample, a beneficiary will remain a part of all future-year data files until death or a change to their
HIC number. The files, described below, are collectively referred to in the ADR as the Medicare 5% files. The 2020 ADR
includes all claims for care occurring up to December 31, 2019.
Enrollment Data (Denominator File)
The USRDS receives two data files from the Master Beneficiary Summary File—one for Medicare Parts A and B
(MBSF_AB_SUMMARY; formerly called the Denominator file) and the other for Part D (MBSF_D_CMPNTS). The files
provide demographic information on each beneficiary in the sample, as well as dates of enrollment in the various
Medicare programs (Hospital Insurance [Part A], Supplemental Medical Insurance [Part B], Medicare Advantage managed
care plans [Part C] and Prescription Drug Benefit [Part D]).
Medicare Parts A and B Claims Files
Claims files for Medicare Parts A and B are divided into two groups based on the type of healthcare provider—institutional
or non-institutional (physician/supplier and durable medical equipment). Institutional claims are divided into five sets of
files based on the type of medical service: INPATIENT, OUTPATIENT, and HHA (home health agency), HOSPICE, and
SNF (skilled nursing facility) care. For each type of medical service, the USRDS receives six files corresponding to
different parts of the claim: (<type of service>_BASE_ CLAIMS_J (the base claim file), <type of
service>_REVENUE_CENTER_J (revenue center file), <type of service>_CONDITION_CODES (condition code file),
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<type of service>_OCCURRNCE_CODE (occurrence code file), <type of service>_SPAN_CODES (span code file), and
<type of service>_VALUE_CODES (value code file).
Physician and supplier claims (also referred to as carrier claims) are received in one set for durable medical equipment
(DME) and another for all other Part B covered services (BCARRIER). For each of these, we receive two files
corresponding to different parts of the claim (<type of service>_CLAIMS_J (the base claim file) and <type of
service>_LINE_J (the line item file).
Medicare Part D Files
For Part D, the USRDS receives files on beneficiary information and prescription drug events (records of each prescription
fill and refill, similar to a claim. The MBSF_D_CMPNTS file, mentioned above, contains monthly enrollment information for
Part D program participation, type of plan, creditable coverage, eligibility for cost sharing and low-income subsidies, and
additional information. The Part D Events (PDE) file contains all events related to final action claims for prescription drugs
submitted by pharmacies on behalf of the Part D beneficiary.
General Methods for Health Insurance Claims Data Files
For the purpose of analysis, several restrictions are applied to the claims data files to create a sample cohort. The
individual restrictions that are used for each figure and table are detailed in the chapter-specific sections of this chapter.
The general rationale and explanation of these restrictions apply to all analyses with the health system data files and are
detailed here. It is important to remember that the primary purpose of the data collection underlying these datasets is to
reimburse healthcare providers for services performed for beneficiaries. Information that is not necessary to facilitate
payment for services, such as results of lab tests, family medical history, or health behaviors such as smoking, generally
is not available in the dataset.
Plan Participation
Medicare currently provides medical benefits through four programs commonly known by the part of Title XVIII of the
Social Security Act that created them. Part A provides hospital insurance, Part B provides supplemental medical
insurance (including physician services, durable medical equipment, ambulance, radiology, and laboratory services), Part
C is for enrollment in managed care plans (which provide all Part A and Part B services), and Part D provides prescription
drug coverage (CMS, 2014).
Part A coverage is free to Medicare beneficiaries, while other parts require premiums to be paid by the beneficiary and are
optional. Beneficiaries are also allowed to switch between “original” Medicare (fee-for-service) and Medicare Advantage
plans (Part C) during open enrollment. Medicare Advantage plan providers are not paid through the claims submission
process; therefore, there are no data in the Medicare 5% claims files for these patients.
Over the course of a year, people become newly eligible for Medicare (e.g., reach age 65) and enroll in the program,
people die and therefore are not eligible during part of the year, and people drop their coverage. To create appropriate
denominators for the statistics that are presented, samples are often limited to beneficiaries that are enrolled in both Parts
A and B and are not enrolled in a Medicare Advantage plan (Part C). In some analyses, the cohort is limited to patients
who meet these plan participation requirements on a certain date, such as January 1 of the reported year. In other cases,
the sample may have been limited to beneficiaries who meet those enrollment requirements during the entire calendar
year.
In most analyses limited to patients with a certain disease or disorder, such as CKD, Medicare beneficiaries must be
enrolled in Parts A and B and not Part C for the year prior to the reported year (the baseline period). This ensures that
each patient has 12 months of claims from which to determine the presence of the disorder. The outcome under analysis
is then determined from claims in the year following the baseline period (‘follow-up’).
Medicare Reason for Entitlement
In this volume, most analyses are restricted to beneficiaries who were age-eligible for Medicare and, therefore, aged 65
and older. Beneficiaries under the age of 65 may qualify for Medicare based on disability status (meeting requirements for
one of the Social Security Administration’s income support programs for disabled individuals) or a diagnosis of ESRD
(although these patients are excluded from the CKD volume) and are therefore not representative of the U.S. population
of the same age. In contrast, 98% of the U.S. population aged 65 and older is eligible for Medicare (McBean, 2012).
However, unlike the chapter-specific figures and tables, the Reference Tables that accompany this volume include all
adult (aged 20 or older) non-ESRD Medicare beneficiaries regardless of reason for entitlement.
End-Stage Renal Disease
As the focus of this volume is on patients who do not have ESRD, Medicare patients under age 65 who were eligible for
Medicare due only to ESRD are excluded. Most analyses restrict the sample to beneficiaries/plan members who do not
have ESRD, either as of a certain date or for the entire calendar year. Additionally, analyses of time-to-event outcomes
(e.g. mortality, hospitalization, readmission, time to the performance of a laboratory test) often censor a patient at the start
of ESRD. Censoring also often occurs at death, upon change in plan enrollment (for Medicare beneficiaries, the
disenrollment from Parts A and B of Medicare or when switching to a Medicare Advantage plan). The start of ESRD is the
date of first service from the CMS 2728 form for Medicare patients.
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Identification of Chronic Kidney Disease and Major Comorbidities
We employ a previously validated method (Herbert et al., 1999) to identify diabetic patients through Medicare claims. A
patient is considered to be diabetic if, within a one-year observation period, he or she had a qualifying ICD-9-CM or ICD10-CM diagnosis code of diabetes mellitus (DM) on one or more Part A institutional claims (inpatient, skilled nursing
facility, or home health agency), or on two or more institutional outpatient claims and/or Part B physician/supplier claims.
This algorithm—one inpatient claim or two outpatient claims with specified diagnosis codes—is used to determine the
presence of CKD and 13 other conditions commonly associated with CKD as risk factors, co-occurring conditions, or
consequences of the disease. The attached Excel file (v1_CKD_Comorbidity_ICD9_10_Codes.xlsx) lists these conditions
and the ICD-9-CM and ICD-10-CM diagnostic codes used to define them. For defining CKD stages, stage-specific ICD9/10 codes were used (ICD-9: 585.1-585.5; ICD-10: N18.1-N18.5). If the patient has more than one claims with stage
codes, the stage on the last claim was used. If the last claim has more than one stage, the highest stage was used.

Volume 1, Chapter 1: CKD in the General Population
Main Data Sources and Measurement of Kidney Function
For all tables and figures, the data source consisted of National Health and Nutrition Examination Survey (NHANES)
2003-2006, 2007-2010, 2011-2014, and 2015-2018 participants aged ≥20 years with serum creatinine and urinary
albumin to creatinine ratio (ACR) measurements. Single-sample, calibrated estimates of serum creatinine and ACR were
used. Estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation. CKD was defined based on Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines as having an eGFR <60 mL/min/1.73 m2 or ACR ≥30 mg/g. The consensus definition of CKD requires two
measurements of both eGFR and ACR meeting the criteria above within a three-month period, but only one measurement
of each is available in NHANES. Therefore, the resulting numbers may overestimate the true number of CKD patients in
the general U.S. population.
Table 1.1.
KDIGO CKD Risk Groups definition:
Low Risk: eGFR ≥60 mL/min/1.73 m² and ACR <30 mg/g
Moderately High Risk: eGFR 45-59 mL/min/1.73 m², or the combination of eGFR ≥60 mL/min/1.73
m² and ACR 30-299 mg/g
High Risk: eGFR 30-44 mL/min/1.73 m², or the combination of eGFR 45-59 mL/min/1.73 m² and ACR
30-299 mg/g, or the combination of eGFR ≥60 mL/min/1.73 m² and ACR ≥300 mg/g
Very High Risk: eGFR <30 mL/min/1.73 m², or the combination of eGFR 30-44 mL/min/1.73 m² and
ACR 30-299 mg/g, or the combination of eGFR <60 mL/min/1.73 m² and ACR ≥300 mg/g
Abbreviations: ACR, urinary albumin to creatinine ratio; CKD, chronic kidney disease; eGFR, estimated glomerular
filtration rate; KDIGO, Kidney Disease: Improving Global Outcomes.
Figure 1.1.
CKD G Stage definitions:
G3: eGFR 30-59 mL/min/1.73 m²
G4: eGFR 15-29 mL/min/1.73 m²
G5: eGFR <15 mL/min/1.73 m²
Abbreviations: Abbreviations: ACR, urinary albumin to creatinine ratio; CKD, chronic kidney disease; eGFR, estimated
glomerular filtration rate.
Figure 1.2. Abbreviations: ACR, urinary albumin to creatinine ratio.
Figure 1.3. Abbreviations: ACR, urinary albumin to creatinine ratio; eGFR, estimated glomerular filtration rate.
Figure 1.4. Definitions: Diabetes, affirmative self-report, medication for diabetes, or glycosylated hemoglobin ≥7%;
hypertension, anti-hypertensive medication, systolic blood pressure ≥130 mm Hg, or diastolic blood pressure ≥80 mm Hg;
CVD, myocardial infarction, congestive heart failure, or stroke; obesity, BMI ≥30 kg/m². Abbreviations: ACR, urinary
albumin to creatinine ratio; BMI, body mass index; CKD, chronic kidney disease; CVD, cardiovascular disease.
Figure 1.5. Definitions: Diabetes, affirmative self-report, medication for diabetes, or glycosylated hemoglobin ≥7%.
CKD Stages definition:
Stage 1: eGFR ≥90 mL/min/1.73 m² and ACR ≥30 mg/g
Stage 2: eGFR 60-89 mL/min/1.73 m² and ACR ≥30 mg/g
Stage 3: eGFR 30-59 mL/min/1.73 m²
Stage 4: eGFR 15-29 mL/min/1.73 m²
Stage 4: eGFR <15 mL/min/1.73 m²
Abbreviations: ACR, urinary albumin to creatinine ratio; CKD, chronic kidney disease, eGFR, estimated glomerular
filtration rate.
Table 1.2. Definitions: hypertension, anti-hypertensive medication, systolic blood pressure ≥130 mm Hg, or diastolic blood
pressure ≥80 mm Hg; diabetes, affirmative self-report, medication for diabetes, or glycosylated hemoglobin ≥7%; obesity,
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BMI ≥30 kg/m²; cardiovascular disease, myocardial infarction, congestive heart failure, or stroke. Abbreviations: ACR,
urinary albumin to creatinine ratio; BMI, body mass index; CKD, chronic kidney disease.
Table 1.3. Abbreviations: ACR, urinary albumin to creatinine ratio; CKD, chronic kidney disease.
Table 1.4. Definitions: sedentary behavior, ≥2.5 MET-hours per week. Abbreviations: ACR, urinary albumin to creatinine
ratio; CKD, chronic kidney disease, eGFR, estimated glomerular filtration rate; MET, metabolic equivalent of a task.

Volume 1, Chapter 2: Identification and Care of Patients with CKD
Most analyses in Volume 1, Chapter 2 use administrative claims data from the Medicare 5% sample. First, analyses for
Tables 2.1-2.2, Figures 2.1-2.2, and Figures 2.4a-2.10b include point prevalent Medicare beneficiaries who were 66 years
or older; resided in the 50 states, the District of Columbia, or the U.S. territories; had at least one year of continuous
enrollment in Medicare Parts A and B (and no enrollment in Medicare Advantage); did not have end-stage renal disease
(ESRD); and were alive on December 31 of the reported year. Second, analyses for Table 2.3 and Figures 2.3a-2.3b
include point prevalent Medicare beneficiaries who met criteria similar to the above on January 1 of the reported year and
who had CKD stages 3, 4, or 5 diagnosed in the year prior to the reported year.
Some analyses also include claims data from the Optum® de-identified Clinformatics® Data Mart Database, which
includes data for persons enrolled in Medicare Advantage and commercial health plans in the U.S. Analyses for Tables
2.1-2.2, Figure 2.2, Figure 2.4a, Figures 2.5-2.6a, and Figures 2.7-2.10a include point prevalent Medicare Advantage (or
commercial plan) enrollees who were aged 66 years or older (aged 18-65 years), had at least one year of continuous
enrollment in Medicare Advantage (a commercial health plan), did not have ESRD, and were alive on December 31,
2019. The analysis for Figure 2.3a includes Medicare Advantage and commercial health plan enrollees who met criteria
similar to the above on January 1, 2019 and who had CKD stages 3, 4, or 5 diagnosed in 2018.
Across all analyses involving claims data, chronic kidney disease (CKD) was determined based on having relevant
international classification of diseases (ICD-9-CM and ICD-10-CM) diagnosis codes on at least one inpatient or two
outpatient claims during the reported year (for analyses not involving follow-up) or during the one-year entry period (for
analyses with follow-up). Refer to the section Identification of Chronic Kidney Disease and Major Comorbidities in
the DATA SOURCES for CKD Volume, 2021 USRDS ADR for the complete methodology and relevant diagnosis codes
used to identify CKD status and CKD stage.
Table 2.1 presents demographic characteristics of persons enrolled in fee-for-service Medicare, Medicare Advantage, and
commercial health plans in 2019, separately for those with or without CKD.
Table 2.2 shows a comparison of prevalence of CKD, overall and stratified by demographic characteristics, in four
populations: NHANES participants from survey years 2015-2018 and persons enrolled in fee-for-service Medicare,
Medicare Advantage, and commercial health plans in 2019. The NHANES participants include those aged 18 or older. In
NHANES, CKD was defined based on Kidney Disease: Improving Global Outcomes (KDIGO) guidelines as having an
estimated glomerular filtration rate (eGFR) <60 ml/min/1.73m2 or albuminuria (determined from measurement of serum
creatinine and urinary albumin to creatinine ratio, respectively), as described in full detail in the methods for Volume 1,
Chapter 1: CKD in the General Population. To allow comparison of populations of the same age ranges, the table is
further stratified between younger adults (age 18-65 years) and older adults (age ≥66 years).
Figure 2.1 illustrates the prevalence of CKD in fee-for-service Medicare beneficiaries, both overall and by CKD stage,
from 2009-2019. This figure also illustrates the prevalence of CKD stages from 2009-2019 separately by demographic
characteristics (age, sex, and race/ethnicity).
Figure 2.2 illustrates the prevalence of CKD, separately by U.S. state, among persons enrolled in fee-for-service
Medicare, Medicare Advantage, and commercial health plans in 2019. Persons living outside of the 50 states or District of
Columbia (i.e., those living in the U.S. territories) were excluded.
Table 2.3 shows the change in CKD status between January 1, 2015 and December 31, 2019 in terms of progression to a
higher CKD stage, ESRD, or death among fee-for-service Medicare beneficiaries with CKD stages 3, 4, or 5 diagnosed in
2014. ESRD and death status were examined yearly between 2015 and 2019, and carried forward if present. The ESRD
and death information were combined to create three categories: alive with ESRD alive, death with ESRD, and death
without ESRD. For those who did not progress to death or ESRD by the end of 2019, the last observed CKD stage claim
was used to determine CKD stage in 2019. Claims for CKD stages less advanced than the stage as defined on January 1,
2015 were ignored, meaning that we did not allow beneficiaries to regress to a less advanced CKD stage. Lost to followup status represents the beneficiaries who did not reach ESRD or death and who did not have continuous enrollment in
Parts A and B through the end of 2019. Results are presented overall and also stratified by age category and
race/ethnicity.
Figures 2.3a-b show the change in CKD status between January 1, 2019 and December 31, 2019 in terms of progression
to a higher CKD stage, ESRD, or death among health plan enrollees with CKD stages 3, 4, or 5 diagnosed in 2018. The
CKD progression, ESRD, and death information were combined to create four categories: no progression alive, CKD
progression alive, ESRD alive, and death. Any enrollee who died in 2019, regardless of progression status, was placed in
the latter category. For those who did not progress to death or ESRD by the end of 2019, the last observed CKD stage
claim was used to determine CKD stage on December 31, 2019. Claims for CKD stages less advanced than the stage as
defined on January 1, 2019 were ignored, meaning that we did not allow enrollees to regress to a less advanced CKD
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stage. Lost to follow-up status represents the enrollees who did not reach ESRD or death and who did not have
continuous health plan enrollment through the end of 2019. Results are presented separately for those with fee-for-service
Medicare, Medicare Advantage, and commercial health plan coverage. Figure 2.3b is limited to fee-for-service Medicare
beneficiaries and presents results stratified by demographic characteristics (age, sex, and race/ethnicity).
Figures 2.4a-b show adjusted and unadjusted prevalence of common comorbid conditions, separately by CKD status and
CKD stage, among Medicare beneficiaries in 2019. The comorbid conditions, including diabetes mellitus (DM),
hypertension (HTN), cardiovascular disease (CVD), chronic obstructive pulmonary disease (COPD), liver disease, and
cancer, were defined based on having a relevant code on at least one inpatient or two outpatient claims in 2019.
Beneficiaries with CVD were identified if they had at least one of the six general categories of CVD: atherosclerotic heart
disease (ASHD), cerebrovascular accident/transient ischemic attack (CVA/TIA), dysrhythmia, heart failure (HF), peripheral
vascular disease (PVD), or other cardiac disease. Refer to the section Identification of Chronic Kidney Disease and
Major Comorbidities in the DATA SOURCES for CKD Volume, 2021 USRDS ADR for the complete methodology and
relevant ICD-10-CM codes used to identify these comorbidities. Results in Figure 2.4a are presented separately for the
fee-for-service Medicare and Medicare Advantage populations. Figure 2.4b is limited to fee-for-service Medicare
beneficiaries and presents results stratified by demographic characteristics (age, sex, and race/ethnicity). Adjusted
prevalence was estimated using a logistic regression model-based method [Liu et al., 2006], with adjustment for age, sex,
and race/ethnicity using the 2019 fee-for-service Medicare beneficiaries as the reference population. In the results
stratified for each demographic variable, we only adjusted for the other two demographic variables. For example, when
estimating adjusted prevalence for each age group, we adjusted for sex and race/ethnicity only.
Figure 2.5 presents the prevalence of three comorbid conditions (atherosclerotic heart disease [ASHD], heart failure [HF],
and DM), including any combination thereof, in Medicare beneficiaries with or without CKD in 2019. ASHD, HF, and DM
were defined in the same manner as described in the methods for Figures 2.4a-b. Results are presented separately for
fee-for-service Medicare and Medicare Advantage beneficiaries.
Figures 2.6a-b show adjusted and unadjusted prevalence of common cardiovascular diseases, separately by CKD status
and CKD stage, among Medicare beneficiaries in 2019. These diseases include HF, coronary artery disease (CAD), acute
myocardial infarction (AMI), peripheral artery disease (PAD), CVA/TIA, and atrial fibrillation (AF). The same claims-based
method as described for Figures 2.4a-b was used to define HF, CAD (aka ASHD), and CVA/TIA. The codes and
algorithms used to identify AMI, PAD, and AF are presented in the Excel file Codes and Algorithm for CVD and
Procedure. Results in Figure 2.6a are presented separately for the fee-for-service Medicare and Medicare Advantage
populations. Figure 2.6b is limited to fee-for-service Medicare beneficiaries and presents results stratified by demographic
characteristics (age, sex, and race/ethnicity). Adjusted prevalence was estimated using the same model-based method,
with adjustment for age, sex, and race/ethnicity, as described for Figures 2.4a-b.
Figure 2.7 shows the prevalence of HF by type, separately by CKD status and CKD stage, among Medicare beneficiaries
in 2019. Type of HF, including HF with reduced ejection fraction (HFrEF, or “systolic dysfunction”) and HF with preserved
ejection fraction (HFpEF, or “diastolic dysfunction”), was determined by frequency of diagnoses using a hierarchy. For
beneficiaries with HF in 2019, the presence of systolic (first four digits of ICD-10: I50.2), diastolic (I50.3), combined
systolic and diastolic (I50.4) and unspecified diagnoses (all other HF diagnosis codes listed in the worksheet HF of the
Excel file Codes and Algorithm for CVD and Procedure) was determined by searching all reported diagnoses on all
claims for a given calendar day.
A hierarchical order was used to assign a single type of HF diagnosis to beneficiaries with claims indicating different type
of HF diagnosis on the same calendar day: systolic HF diagnosis > both systolic and diastolic HF diagnoses > diastolic HF
diagnosis > unspecified HF diagnosis. Specifically, each day was counted as systolic if there were systolic diagnoses, as
combined diagnosis if there were no systolic diagnosis but at least one combined diagnosis, as diastolic if there were no
systolic or combined diagnoses but at least one diastolic diagnosis, and as unspecified if there were no systolic or
diastolic or combined diagnoses but at least one unspecified diagnosis. The numbers of days with systolic, diastolic, and
unspecified diagnoses were then summed for the calendar year.
The beneficiary’s predominant type of HF for the year was then determined by a hierarchy similar to that applied for each
calendar day. If the beneficiary had systolic and no diastolic HF or had combined systolic and diastolic HF, he/she was
classified as having systolic HF, or HFrEF; if the beneficiary had diastolic HF in the absence of both systolic HF and
combined systolic and diastolic HF, he/she was classified as having diastolic HF, or HFpEF; and if the beneficiary had
only unspecified HF, he/she was classified as having unspecified HF. When a beneficiary had both systolic and diastolic
HF diagnosis and no combined HF diagnosis during the year, he/she was assigned the HF type that was most frequent
during the year. For example, if the total number of days with systolic diagnosis for a beneficiary was greater than or equal
to that of diastolic diagnosis days, the type was classified as systolic HF, or HFrEF. Results are presented separately for
fee-for-service Medicare and Medicare Advantage beneficiaries.
Figure 2.8 presents the prevalence of three cardiovascular conditions (HF, AMI, and CVA/TIA), including any combination
thereof, in Medicare beneficiaries with or without CKD in 2019. HF, AMI, and CVA/TIA were defined in the same manner
as described in the methods for Figures 2.6a-b. Results are presented separately for fee-for-service Medicare and
Medicare Advantage beneficiaries.
Figure 2.9 shows the percentage of health plan enrollees by CKD status who received testing for urine protein in 2019.
Results are presented overall and separately for those with different comorbidity categories (neither DM nor HTN, HTN
only, DM only, and HTN and DM). DM and HTN were defined in the same manner as described in the methods for
Figures 2.4a-b. Urine protein testing was identified as having a claim with a Healthcare Common Procedure Coding
System (HCPCS, similar to the Current Procedural Terminology, CPT®, system) code of 82042, 82043, 82044, or 84156.
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Results are presented separately for those with fee-for-service Medicare, Medicare Advantage, and commercial health
plan coverage.
Figures 2.10a-b show the percentage of health plan enrollees with CKD who received nephrology physician care in 2019.
Results are presented by CKD stage. Nephrology physician care was defined as having an office visit a nephrologist,
which was identified as having a Part B claim with a place of service code of 11 and a physician specialty code of 39.
Nephrology care received outside of the office setting, such as in the hospital, was not included in the analysis. Results in
Figure 2.10a are presented separately for fee-for-service Medicare, Medicare Advantage, and commercial health plan
enrollees. Figure 2.10b is limited to fee-for-service Medicare beneficiaries and presents results stratified by demographic
characteristics (age, sex, and race/ethnicity) and by those with comorbid conditions (ASHD, DM, and HF). ASHD, DM,
and HF were defined in the same manner as described in the methods for Figures 2.4a-b.

Volume 1, Chapter 3: Morbidity and Mortality in Patients with CKD
The data sources for analyses for this chapter were the Medicare 5% random sample (for Medicare fee-for-service [FFS]
cohorts) and Optum® de-identified Clinformatics® Data Mart (for Medicare Advantage [MA] cohorts and commercial
insured cohorts) databases. The analytical cohorts used are yearly January 1 point prevalent cohorts, unless specified
otherwise. Each yearly cohort was defined at January 1st of the year and required to be aged 66 years or older for FFS
and MA cohorts or aged 18-64 for commercial cohorts, have no end-stage renal disease (ESRD), and to be covered by
the insurance program for at least one year prior to January 1. The year before January 1 is referred to as the baseline
period. Patients’ CKD status and comorbid conditions were derived from medical claims in the baseline period, as
described in Identification of Chronic Kidney Disease and Major Comorbidities in the DATA SOURCES for CKD
Volume, 2021 USRDS ADR. Analyses were limited to enrollees residing in the 50 U.S. states, the District of Columbia,
Puerto Rico, or other U.S. territories. Each individual in the cohort was followed from January 1 to the earliest date of
death, loss of insurance coverage (including exchanges between FFS and MA), start of ESRD, or December 31 of the
year.
The outcomes in this chapter are mortality, hospitalization, hospital observation stays (i.e., those stays not leading a
hospitalization), emergency department (ED) visits not leading to a hospitalization, and hospital readmission, observation
stay, and death within 30 days of hospital discharge.
In the Medicare database, race is combined into one variable with ethnicity (we call this race/ethnicity), meaning that it is
recorded as non- Hispanic White, non-Hispanic Black, Hispanic, Native American, Asian, and Other. When we say White
and Black in this chapter, we mean non-Hispanic White and non-Hispanic Black. In most analyses, due to sample size
limitations, we combined Native American, Asian, and Other into one group, which we then referred to as “Other”.
For subgroup analyses, when by “CKD status groups” (CKD, Non-CKD), the CKD group includes all CKD patients,
including stages 1-5 and unknown CKD stage; while by “CKD stage”, only CKD stage 3 and CKD stages 4-5 are included.
Mortality
Mortality analyses were performed for Medicare FFS cohorts only. Death and death date were provided in the Medicare
5% database.
For Figure 3.1, which shows adjusted and unadjusted mortality rates over the period of 2009-2019 by CKD status (CKD or
non-CKD), age (66 to less than 70 years, 70 to less than 75 years, 75 to less than 85 years, or 85 years and older), sex,
and race/ethnicity (White and Black) among Medicare FFS cohorts. Unadjusted mortality rates were calculated by number
of deaths divided by total follow-up time, per 1,000 person-years. Adjusted mortality rates were calculated based on
model-based method [Liu et al., 2006] with Poisson regression models and adjusted for age, sex, and race/ethnicity using
2015 Medicare beneficiaries as the reference population. For age, sex, and race/ethnicity stratifications, we adjusted for
the other two variables. For example, when we calculated adjusted rates for age groups, we adjusted for sex and
race/ethnicity only; when we calculated adjusted rates for race/ethnicity stratifications, we adjusted for age and sex only.
For Figure 3.1, we added another adjusted analysis, which adjusted for age, sex, race/ethnicity, and comorbidities. To
reduce the dimension of analyses, instead of individual comorbidities, a comorbidity index/score [Liu et al., 2010] was
used. The score is weighted sum of comorbidities of atherosclerotic heart disease, congestive heart failure,
cerebrovascular accident or transient ischemic attack, peripheral vascular disease, dysrhythmia, other cardiovascular
disease, diabetes, chronic obstructive pulmonary disease, gastrointestinal disease, liver disease, and cancer. Based on
how the index was developed, the score can be treated as a continuous variable in the model. We also assessed this use
(linear relationship between the score and log rate of death) using our data.
Figure 3.2 shows adjusted and unadjusted mortality rates by CKD status, CKD stage (stage 3 and stages 4-5), age, sex,
and race/ethnicity (White, Black, Hispanic, or Other) in 2019 Medicare FFS cohort. For adjusted rates, age, sex, and
race/ethnicity were adjusted with the 2019 overall cohort as the reference.
Hospitalization and observation stay
Hospitalizations were identified from inpatient claims. For analyses of hospitalizations, additional processing was
performed on the inpatient claims data. A beneficiary’s inpatient claims were ordered by date and compared to identify (1)
overlapping claims (two claims covering a common period), (2) consecutive claims (one claim’s admission date on the day
following the previous claim’s discharge date), (3) transfers (patient discharge status of 02 on the claim), and (4) interim
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claims (claim sequence number, specifically the third digit of the ‘type of bill’ code, of 2, 3, or 4). In such cases, the claims
were consolidated into one claim, with dates, diagnoses, and procedures combined. Analyses excluded claims from nonacute care facilities such as rehabilitation hospitals and long-term care hospitals. Unadjusted hospitalization rates were
calculated as the number of hospital admissions divided by the number of person-years at risk, per 1,000 person-years.
Person-years at risk was calculated as the length of follow-up minus the time spent in hospital. If a hospitalization crossed
the boundary of the follow-up period, only days in the follow-up period were counted as time in the hospital. Adjusted
hospitalization rates were calculated based on the model-based method using Poisson regression models and adjusted
for age, sex and race/ethnicity. As with mortality analyses, if the tables/figures included only one yearly cohort (2019), the
2019 Medicare FFS population was used as the reference population for Medicare FFS cohorts and MA cohorts and the
2019 commercial insured population for the commercial cohorts; for figures displaying multiple years (Medicare FFS
cohorts only), the 2015 Medicare FFS population was used as the reference. Hospital observation stays not leading to a
hospitalization were derived from outpatient institutional claims using revenue center code 0762 with type-of-bill not equal
to 72. Adjusted and unadjusted rates of observation stays were calculated the same way as for hospitalization. Same as
all-cause mortality trend in Figure 3.1, for all cause hospitalization trend from 2009 to 2019 (Figure 3.3), we also
calculated adjusted rate with adjustment of age, sex, race/ethnicity, and comorbidities.
Table 3.1a and Table 3.1c show adjusted and unadjusted all-cause hospitalization rates overall, by CKD status, CKD
stage in 2019 Medicare FFS, Medicare Advantage, and commercial insured enrollees. Age, sex, and race/ethnicity were
used in adjusted analyses. Table 3.1b shows adjusted and unadjusted all-cause hospitalization rates overall, by CKD
status, CKD stage, age, sex, and race/ethnicity in 2019 Medicare cohort. Figure 3.4s show hospitalization rate as Table
3.1s combining with observation stays. Figure 3.5 is similar as Figure 3.4b, but by presence of diabetes and
Cardiovascular disease (CVD). CVD was comprised of the following comorbid conditions: cerebrovascular accident,
peripheral vascular disease, coronary artery disease, heart failure, dysrhythmia, and other cardiac disease.
Figure 3.3 shows the trend in hospitalization and observation stay over the period of 2009-2019 by CKD status and
observation stays, unadjusted, adjusted for patient age, sex, and race/ethnicity, and adjusted for patient age, sex,
race/ethnicity, and comorbidities.
Figures 3.6, 3.8, and 3.9 show adjusted and unadjusted cause-specific hospitalization rate over the period of 2009-2019
by CKD status and stage. Cause of hospitalization comprised cardiovascular disease, infection, and non-CV/non-infection
causes (diabetes, cancer, GI bleeding, non-infectious lung disease, fracture, and other). Causes were identified based on
the primary diagnosis on the inpatient claims using the corresponding international classification of diseases (ICD-9-CM
and ICD-10-CM) diagnosis codes listed in Excel file Codes for Hospitalization Causes - CKD Volume.
Figure 3.7 illustrates, by CKD status and stage, the adjusted and unadjusted survival of beneficiaries following a first
hospitalization for cardiovascular disease, including heart failure (HF), coronary artery disease (CAD), acute myocardial
infarction (AMI), peripheral artery disease (PAD), cerebrovascular accident/transient ischemic attack (CVA/TIA), and nonvalvular atrial fibrillation (NVAF), in 2017–2019.
To form the study cohort for each cardiovascular disease of interest, Medicare inpatient claims from January 1, 2017
through December 31, 2019 were searched for the qualifying codes for each disease. The admission date of the first
hospitalization with a relevant code qualifying for the disease of interest was considered as the index date. To be retained
in the analytic cohort, on the index date, the beneficiary must have been aged 66 years or older, residing in the 50 U.S.
states, the District of Columbia, Puerto Rico, or other U.S. territories, and continuously enrolled in Medicare Parts A and B
(but not enrolled in a Medicare Advantage plan) from 365 days preceding the index date to the index date. Beneficiaries
with ESRD on or before the index date were excluded. Follow-up began on the index date and ended on the earliest date
of death, two years after the index date, ESRD diagnosis, or December 31, 2019.
Various types of claims, codes, and algorithms were used to identify beneficiaries with a first hospitalization for the
cardiovascular disease of interest in 2017-2019. Beneficiaries with a first hospitalization for AMI, CAD, CVA/TIA, or HF
were identified using the primary diagnosis on Part A inpatient claims. Beneficiaries with a first hospitalization for NVAF
were identified via two steps. First, we identified patients with a first hospitalization for AF using the primary diagnosis on
the Part A inpatient claims. Then, we excluded patients who underwent a heart valve procedure or had mitral stenosis in
the 365 days preceding the index date. Hospitalization for PAD was identified using either the primary diagnosis (i.e. the
same definition for other CVD described above) or secondary diagnosis (any position) plus one procedure code during the
hospital stay in the absence of AMI, AF, CAD, CVA/TIA, and HF as the primary diagnosis on Part A inpatient claims.
Refer to the Excel file Codes and Algorithm for CVD and Procedure for codes and algorithms used to identify
beneficiaries with first hospitalization for cardiovascular disease of interest.
Unadjusted survival probabilities were estimated using the Kaplan-Meier method. Adjusted survival probabilities were
calculated using the model-based method (Liu et al., 2006) with Cox proportional hazards models adjusted for age, sex,
and race/ethnicity. For each individual cardiovascular disease of interest, the reference population used for adjustment
was comprised only of beneficiaries with the specific condition of interest. Results are presented by CKD status and CKD
stage (stage 3 and stages 4-5).
Hospital readmissions
Analyses of readmissions focused on the 30 days following (live) discharge from a hospitalization in the follow-up period.
Each of hospitalizations resulting in a live discharge in the follow-up period between January 1 and December 1 of the
year were identified; these hospitalizations are classified as index hospitalizations. An index hospitalization can be the
result of a hospital admission in the previous year even if discharged in the current year. December 1st was chosen as a
discharge cutoff to allow a 30-day follow-up period after discharge to assess for the presence of a readmission in the year.
The unit of analysis was a (live) hospital discharge rather than a patient. Hospitalizations resulting the death were
excluded from analysis. Eligible hospitalizations included in each respective analysis vary depending on the outcome
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assessed. Only acute hospitalizations were included in analyses for both index hospitalizations and Hospital
readmissions.
Figure 3.10 shows trends in adjusted and unadjusted percentages of hospitalizations resulting in hospital readmission
(rehospitalization) or death without readmission within 30 days of discharge for the period of 2009-2019 by CKD status
and stage in Medicare FFS cohorts. Figure 3.12 shows adjusted and unadjusted percentages of all-cause hospitalizations
resulting in hospital readmission or death without readmission within 30 days of discharge in 2019 by CKD status, CKD
stage, age, sex, and race/ethnicity in Medicare FFS, Medicare Advantage, and commercial insurance enrollees. For these
figures, index hospitalizations included were those in which (i) the discharge date was at least 30 days before the end of
the follow-up date or (ii) death occurred within 30 days of discharge. Readmission was defined as a hospital readmission
within 30 days discharge of the index hospitalization, no matter patient died or not within 30 days discharge of the index
hospitalization after the readmission; death was defined as death within 30 days of discharge of the index hospitalization
without a readmission.
Figure 3.11 shows trends of adjusted and unadjusted percentages of all-cause hospitalizations resulting in readmission
and observation stay within 30 days of discharge over the period of 2009-2019 by CKD status and CKD stage. Hospital
readmissions and observation stays were identified within 30 days of discharge with the priority order of hospital
readmission, then observation stay. In other words, an observation stay was counted only for those index hospitalizations
that did not have a readmission within 30 days. Observation stays resulting in hospital admission were not included. In
this analysis, we included only those index hospitalizations in which the discharge date was at least 30 days before the
end of follow-up.
As with mortality and hospitalization, adjusted percentages were calculated using the model-based method, adjusting for
age, sex and race/ethnicity. Logistic regression models are used for the adjusted percentage calculations. Additionally, as
with mortality and hospitalization analyses, for figures reporting multiple years, the 2015 Medicare FFS population was
used as the reference; for figures reporting only one cohort year (2019, for example), the 2019 Medicare FFS population
was used as the reference for Medicare FFS and Medicare Advantage cohorts and the 2019 overall commercial
insurance enrollees as the reference commercial cohorts.
Emergency department encounters
Figures 3.13a-3.13c, parallel with Figures 3.4a-3.4c, show rates of emergency department (ED) encounters in 2019
Medicare FFS, Medicare Advantage, and commercial insurance enrollees. ED encounters only included those not leading
to a hospitalization and were derived from outpatient institutional claims using revenue center codes 0450-0459 or 0981
with type-of-bill not equal to 72. Adjusted and unadjusted rates ED visits were calculated the same way as for
hospitalization.
Reference
Liu J, Louis TA, Pan W, Ma JZ, Collins AJ. State-level adjusted ESRD incident rates: use of observed vs model-predicted
category-specific rates. Kidney Int. 2006 Apr;69(8):1459-63. doi: 10.1038/sj.ki.5000299. PMID: 16531980.
Liu J, Huang Z, Gilbertson DT, Foley RN, Collins AJ. An improved comorbidity index for outcome analyses among dialysis
patients. Kidney Int. 2010 Jan;77(2):141-51. doi: 10.1038/ki.2009.413. Epub 2009 Nov 11. PMID: 19907414.

Volume 1, Chapter 4: Acute Kidney Injury
In this chapter, all figures reflect analysis of the Medicare 5% sample. That data source is merged with the ESRD
database in the USRDS, so that dates of ESRD onset can be identified in longitudinal analyses throughout the chapter.
Throughout this chapter, acute kidney injury (AKI) is defined by diagnosis codes in Medicare claims submitted by inpatient
facilities. Qualifying ICD-9-CM diagnosis codes comprise 580.4, 583.4, 583.6, 583.7, 584.5, 584.6, 584.7, 584.8, and
584.9. Qualifying ICD-10-CM diagnosis codes comprise N01.x, N17.0, N17.1, N17.2, N17.8, and N17.9. No distinction is
made between principal and secondary diagnosis codes.
Figure 4.1 displays rates of first hospitalization with AKI during each year from 2009 to 2019. For each year, the cohort
comprised Medicare beneficiaries aged ≥66 years on January 1 of the given year who carried Medicare fee-for-service
coverage during the entirety of the preceding calendar year. Each patient was followed from January 1 of the given year
until the earliest of hospitalization with a diagnosis of AKI, death, ESRD onset, cessation of Medicare fee-for-service
coverage, or December 31 of the given year. Unadjusted rates were stratified by age, sex, race/ethnicity, the crossclassification of CKD and diabetes, and heart failure. CKD, diabetes, and heart failure were each ascertained from
diagnosis codes on Medicare claims during the preceding calendar year. Adjusted rates were adjusted for age, sex, and
race/ethnicity, using Poisson regression.
Figure 4.2 displays rates of first hospitalization with AKI requiring dialysis during each year from 2009 to 2019. For each
year, the cohort was the same as in Figure 4.1. Each patient was followed from January 1 of the given year until the
earliest of hospitalization with a diagnosis of AKI and administration of dialysis, death, ESRD onset, cessation of Medicare
fee-for-service coverage, or December 31 of the given year. Dialysis during hospitalization was identified through two
mechanisms: first, an ICD-9-CM or ICD-10-CM procedure code that is included on the Medicare claim indicating
hospitalization with AKI; and second, a Current Procedural Terminology (CPT) code included on a physician claim with an
inpatient place of service (code 21) and a date of service concurrent with hospitalization. ICD-9-CM procedure codes
indicating dialysis comprise 39.95 and 54.98. ICD-910 procedure codes indicating dialysis comprise 3E1M39Z, 5A1D00Z,

S168

5A1D60Z, 5A1D70Z, 5A1D80Z, and 5A1D90Z. Finally, CPT codes indicating dialysis comprise 90935, 90937, 90945, and
90947. Unadjusted rates were stratified by age, sex, race/ethnicity, the cross-classification of CKD and diabetes, and
heart failure. CKD, diabetes, and heart failure were each ascertained from diagnosis codes on Medicare claims during the
preceding calendar year. Adjusted rates were adjusted for age, sex, and race/ethnicity, using Poisson regression.
Figure 4.3 displays adjusted percentages of patients with a nephrology consultation during their first hospitalization with
AKI during each year from 2009 to 2019. The denominator of each percentage includes those patients with an identified
hospitalization with AKI in the context of cohort construction and patient follow-up in Figure 4.1. A nephrology consultation
during hospitalization was identified by a physician claim with an inpatient place of service, a provider specialty indicating
nephrology (code 39), and a CPT code indicating a consult. Those CPT codes are 90935, 90937, 90945, 90947, 9921899226, 99231-99236, and 99251-99255. Unadjusted percentages were stratified by age, sex, race/ethnicity, and
admission to the intensive care unit during hospitalization. Adjusted percentages were adjusted for age, sex, and
race/ethnicity, using logistic regression.
Figure 4.4 displays rates of all hospitalization with AKI during each year from 2009 to 2019. The construction of this figure
is the same as the construction of Figure 4.1, except for patient follow-up. Each patient was followed from January 1 of
the given year until the earliest of death, ESRD onset, cessation of Medicare fee-for-service coverage, or December 31 of
the given year. Events during follow-up include all hospitalizations with AKI. Unadjusted rates were stratified by age, sex,
race/ethnicity, the cross-classification of CKD and diabetes, and heart failure. CKD, diabetes, and heart failure were each
ascertained from diagnosis codes on Medicare claims during the preceding calendar year. Adjusted rates were adjusted
for age, sex, and race/ethnicity, using Poisson regression.
Figure 4.5 displays characteristics of patients with versus without hospitalization(s) with AKI during 2019. The cohort
comprised Medicare beneficiaries aged ≥66 years on January 1 of the given year and who carried Medicare fee-forservice coverage during the entirety of the preceding calendar year. Each patient was followed from January 1 of the
given year until death, ESRD onset, cessation of Medicare fee-for-service coverage, or December 31 of the given year.
Patients were stratified by incidence of any hospitalizations with AKI during follow-up.
Figure 4.6 displays the discharge status of patients who were hospitalized during 2019, stratified by hospitalization with
AKI versus hospitalization without AKI. The cohort comprised Medicare beneficiaries aged ≥66 years on January 1 of the
given year and who carried Medicare fee-for-service coverage during the entirety of the preceding calendar year. Each
patient was followed from January 1 of the given year until death, ESRD onset, cessation of Medicare fee-for-service
coverage, or December 31 of the given year. All hospitalizations during follow-up were stratified by whether a diagnosis of
AKI was recorded; thus, a patient with multiple hospitalizations could contribute multiple hospitalizations to this analysis.
Discharge status was categorized into the following categories: home (discharge status code 01), home health (06),
skilling nursing (03, 04, 61, 62, 64), hospice (50, 51), death (20), or other.
Figure 4.7 displays the cumulative incidence of recurrent hospitalization with AKI following live discharge from first
hospitalization with AKI. The figure is based on the cohort construction and follow-up algorithm in Figure 4.1. For each
year from 2015 to 2018, the first hospitalization with AKI was identified. If a patient had first hospitalizations with AKI
during multiple calendar year, only the first hospitalization was retained. Patients who died during hospitalization were
excluded. Each included patient was followed from the date of discharge until the earliest of another hospitalization with a
diagnosis of AKI, death, ESRD onset, cessation of Medicare fee-for-service coverage, or December 31, 2019. Cumulative
incidence of recurrent hospitalization was estimated in a competing-risks analysis, where both death and ESRD onset
were classified as competing events.
Figure 4.8 displays the cumulative incidence of death and ESRD following live discharge from first hospitalization with
AKI. The figure uses the same algorithm and thus includes the same denominator of live discharges as in Figure 4.7.
Each included patient was followed from the date of discharge until the earliest of death, ESRD onset, cessation of
Medicare fee-for-service coverage, or December 31, 2019. Cumulative incidence of both death and ESRD were estimated
in a competing-risks analysis.
Figure 4.9 displays 6-month outcomes following live discharge from first hospitalization with AKI, stratified by pre-existing
CKD status. The figures use the same algorithm and thus includes the same denominator of live discharges as in Figure
4.7. For patients without existing pre-existing CKD, the set of 6-month outcomes were no CKD diagnosis (and alive), CKD
diagnosis (and alive), ESRD onset (and alive), or death. Diagnosis of CKD was defined by any Medicare claim with a
diagnosis code indicating CKD. For patients with pre-existing CKD, the set of 6-month outcomes were CKD maintenance
(and alive), CKD progression (and alive), ESRD onset (and alive), or death. Progression of CKD was defined by any
Medicare claim with a diagnosis indicating a higher stage than the diagnosed stage before the hospitalization.
Figure 4.10 displays percentages of patients with an outpatient visit to a nephrologist during the 6 months following live
discharge from first hospitalization with AKI, for each year from 2009 to 2018. In each year, the denominator of live
discharges includes all first hospitalizations with AKI that were identified in
Figure 4.1 and excludes those patients who died during hospitalization. During the 6-month interval immediately following
the date of discharge, an outpatient visit to a nephrologist was defined by a physician claim with an outpatient place of
service (codes 11, 13, 31, 32, 33), a provider specialty indicating nephrology (code 39), and a CPT code indicating a visit.
Those CPT codes are 99201-99205, 99211-99215, and 99305-99310. Unadjusted percentages were stratified by age,
sex, race/ethnicity, the cross-classification of CKD and diabetes, heart failure, and nephrology consultation during the
index hospitalization. Adjusted percentages were adjusted for age, sex, and race/ethnicity, using logistic regression.
Figure 4.11 displays outcomes at one year after discharge from first hospitalization with AKI, for each year from 2009 to
2018, among Medicare beneficiaries without CKD before hospitalization. The denominator of discharges includes all first
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hospitalizations with AKI that were identified in Figure 4.1 and excludes those patients who died during hospitalization.
Additionally, only those patients without CKD before hospitalization and who survived for one year after discharge were
retained for analysis. During the year following discharge, claims were queried for diagnosis codes indicating CKD or
ESRD onset. If no diagnosis codes were identified, then the patient remained in the category of “no CKD.” If codes were
identified, then the most severe stage, beginning with ESRD, was identified.
Figure 4.12 displays the distribution of outcomes during the two years after discharge from first hospitalization with AKI,
among Medicare beneficiaries with CKD before hospitalization. The denominator of discharges includes all first
hospitalizations with AKI that were identified in Figure 4.7. At each monthly interval after the date of discharge, the
distribution of outcomes was estimated: CKD maintenance, CKD progression, ESRD, and death. Progression of CKD was
defined in the same manner as in Figure 4.9.
Figure 4.13 displays the estimated quarterly count, from January 2017 to December 2019, of patients who initiated
outpatient dialysis for the treatment of AKI. All Medicare claims with claim type 72 (indicating outpatient dialysis) and
condition code 84 (indicating the presence of AKI, not ESRD) with dates of service between January 1, 2017, and
December 31, 2019, were pooled. For each patient with at least one outpatient hemodialysis session for treatment of AKI,
the date of the first treatment was identified.
Figure 4.14 displays the cumulative incidence of death and ESRD after the first outpatient hemodialysis session for
treatment of AKI, as defined in Figure 4.13. Each patient was followed until the earliest of death, ESRD, or December 31,
2019.

Volume 1, Chapter 5: CKD Among Children and Adolescents
Most analyses in this chapter used claims data from the CMS Medicaid database with diagnosis of chronic kidney disease
(CKD) (for Medicaid cohorts) and Optum® de-identified Clinformatics® Data Mart Database (commercial insurance
cohorts) unless specified otherwise. The Medicaid database available to the USRDS included Medicaid beneficiaries with
at least one International Classification of Diseases, tenth revision, clinical modification (ICD-10-CM) code for CKD.
However, most codes for congenital anomalies of the kidney and urinary tract (CAKUT) were not included in the list of
CKD codes. Therefore, we included children with CAKUT diagnoses without CKD diagnoses in the Optum® de-identified
Clinformatics® Data Mart Database into a separate category in order to create a CKD category that would be comparable
to the Medicaid CKD population. Two basic analytical approaches were used for cohort construction. First, when
describing patient demographic characteristics (Table 5.2) and determining prevalence of a comorbid condition (Table
5.3) or type of kidney disorder (Figure 5.1) in 2019, we utilized a point prevalent cohort of commercial insurance plan
enrollees (for commercial cohort) or Medicaid enrollees (Medicaid cohort) on December 31, 2019 who were aged 0-17
years, had at least one year health insurance coverage, did not have end-stage renal disease (ESRD), and were alive on
December 31, 2019. Second, when showing rates of hospitalization (Figures 5.2-5.3) or healthcare expenditure (Figure
5.4) in 2019, we used a point prevalent cohort who met criteria similar to the above on January 1, 2019; the previous year
(2018) served as a baseline period. Follow-up began on January 1, 2019 and ended at the earliest date of death, loss of
insurance coverage, onset of ESRD, or December 31, 2019. All analyses using Optum data further required enrollees
residing in the 50 U.S. states, the District of Columbia, or U.S. territories.
Across all analyses involving claims data, CKD status was defined from medical claims during the reported year (for
analyses not involving follow-up) or during the one-year baseline period (for analyses with follow-up). Refer to the section
Identification of Chronic Kidney Disease and Major Comorbidities in the DATA SOURCES for CKD Volume, 2021
USRDS ADR for the complete methodology and relevant diagnosis codes used to identify CKD status. The same
approach was applied to define CAKUT status in all analyses using Optum® de-identified Clinformatics® Data Mart
Database. Refer to the worksheet CAKUT in the Excel file Codes for Comorbidity and Kidney Disorders in Children
for qualifying ICD-10-CM diagnosis codes to define CAKUT.
All analyses using Medicaid databases were limited to children with CKD (Tables 5.2-5.3, Figures 5.2-5.3). Most analyses
using Optum® de-identified Clinformatics® Data Mart Database included all children who met the eligibility criteria and
were classified into three groups according to CAKUT and CKD status: “No CAKUT, No CKD”, “CAKUT, no CKD”, and
“CKD” (Tables 5.2-5.3, Figures 5.2 and 5.4). Children with CKD include CAKUT and non-CAKUT CKD. The analyses for
Figures 5.1 and 5.3 were limited to children with CAKUT and/or CKD (referred to as kidney disease in this chapter).
Subgroup analyses by age and by sex were performed for children in the commercial cohorts and Medicaid cohorts.
However, subgroup analyses by race/ethnicity were limited to the commercial cohorts because data on race/ethnicity are
missing entirely for the Medicaid beneficiaries for many states and are missing for the majority of beneficiaries in other
states.
Table 5.1 shows the prevalence of estimated glomerular filtration rate (eGFR) of <60 mL/min/1.73m2 among children aged
12-17 years in the National Health and Nutrition Examination Survey (NHANES) with serum creatinine and height
measurements in 2003-2010 and 2011-2018. eGFR is calculated using the serum creatinine “Bedside Schwartz”
equation. Prevalence is calculated using sample survey weights, combined for the years 2003-2010 and 2011-2018 to
bolster sample size, and presented stratified by sex and race/ethnicity.
Table 5.2 presents demographic characteristics of children enrolled in a commercial insurance plan or in Medicaid in
2019. Table 5.3 presents prevalence of comorbid conditions among children in the same cohorts as for Table 5.2.
Comorbid conditions included hypertension, obesity, failure to thrive, and short stature. Hypertension was identified in the
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same manner as CKD while obesity, failure to thrive, and short stature were identified based on having relevant ICD-10CM diagnosis codes on at least one claim during the reported year (2019). Refer to the Excel file Codes for Comorbidity
and Kidney Disorders in Children for qualifying ICD-10-CM diagnosis codes for each comorbid condition. Results are
presented separately for children in the commercial cohort and the Medicaid cohort.
Figure 5.1 shows percentage with kidney disorders, by type, among children enrolled in a commercial insurance plan with
kidney disease in 2019. Kidney disorders included CAKUT, glomerulonephritis, cystic kidney disease, CKD not otherwise
specified, diabetes-related kidney disease, and other kidney disorders. Each type of kidney disorder was identified in the
same manner as CKD. Refer to the Excel file Codes for Comorbidity and Kidney Disorders in Children for qualifying
ICD-10-CM diagnosis codes and algorithm to identify each type of kidney disorders. The denominator is all children with
kidney disease in 2019. The numerator is the number of children with each type of kidney disorder in 2019. Results are
presented overall and stratified by age, sex, and race/ethnicity categories.
Figure 5.2 presents all-cause hospitalization rate by kidney disease groups (Figure 5.2a) and further by patient
demographics (Figure 5.2b) for children enrolled in commercial insurance plan and children enrolled in Medicaid. The
study cohorts are January 1, 2019 point prevalent cohorts and hospitalizations were identified based on inpatient claims.
In Figure 5.2a, rates were also adjusted for age and sex with the overall commercially insured cohort as reference.
Figure 5.3 presents cause-specific hospitalization rates by kidney disease groups overall and by demographic groups for
children enrolled in a commercial insurance plan with kidney disease and children enrolled in Medicaid with CKD. Due to
small sample sizes, causes considered are only infection and non-infection. Infection hospitalizations were defined by
specific ICD-10 codes described in Excel file Codes for Hospitalization Causes - CKD Volume based on the primary
diagnosis on the inpatient claims; the other hospitalizations were defined as non-infection hospitalization.
Figure 5.4 shows per person per year spending for children enrolled in a commercial insurance during follow-up in 2019.
Spending included both medical and pharmacy. Detail method regarding spending refers to Volume 1, Chapter 6:
Healthcare Expenditures for Persons with CKD. Results are presented overall and stratified by age, sex, and
race/ethnicity categories for children who had no CKD and no CAKUT, CAKUT but no CKD, and CKD, respectively. In the
stratified analyses by race/ethnicity, Hispanic and Asian were combined into one group referred to as “Other”.

Volume 1, Chapter 6: Healthcare Expenditures for Persons with CKD
Healthcare Expenditures were reported for point prevalent persons with CKD on January 1 of each reported year. The
study population included Medicare fee-for-service (FFS) beneficiaries who resided in the 50 U.S. states, District of
Columbia, or U.S. territories from the Medicare 5% random sample. Most results were for annual cohorts comprising
individuals who were aged 66 years and older on January 1 of the reported year, except for Table 6.2 and Table 6.4,
which showed costs for beneficiaries aged 18-65 years. Cohort members had to be free of ESRD during the prior year. In
addition, they had to be continuously enrolled in Medicare Parts A and B (and not enrolled in a Medicare Advantage plan)
for all of the prior year. We ascertained beneficiaries’ CKD status, stage of CKD, and presence of other comorbid
conditions (e.g., diabetes [DM] and heart failure [HF]) based on diagnosis codes during the prior year using the algorithm
described in the Section of Identification of Chronic Kidney Disease and Major Comorbidities in the DATA
SOURCES for CKD Volume, 2021 USRDS ADR. Age was determined as of January 1 of reported year.
In addition to Medicare FFS beneficiaries, the study population also included 2019 point prevalent persons with CKD
defined from the Optum® de-identified Clinformatics® Data Mart database comprised of two study cohorts: Medicare
Advantage and commercial insurance (“Commercial”). These two study cohorts comprised individuals who were aged 1865 and aged 66 and older, respectively, on January 1, 2019 with Medicare Advantage or Commercial plan coverage and
free of ESRD during 2018. Individuals’ CKD status, stage of CKD, and presence of DM and HF were based on diagnosis
codes in 2018.
Regardless of insurance source, beneficiaries/enrollees were followed from January 1 to December 31 of each cohort
year, with censoring at the date of death, development of ESRD, or the end of enrollment in the insurance program,
including a switch to another program (e.g., Medicare FFS to Medicare Advantage). Patient-years at risk were calculated
as the number of follow-up days divided by 365.25.
In this chapter, we defined Medicare FFS costs as insurance expenditures rather than true economic costs, using claims
from Medicare Parts A, B, and D based on the Medicare 5% sample for calendar years 1999-2019. Subsequent to the
2017 ADR, we no longer attribute only a fraction of claims that span the calendar year to each year. Instead, we placed
the entire payment for a claim spanning a calendar year in the year corresponding to the admission date. For each year,
all Medicare paid costs with a claim admission date within the follow-up period were aggregated, including costs from
Medicare Parts A, B, and (from 2006 onward) D. We multiplied total Medicare spending in each year by 20 to estimate
100% Medicare FFS expenditures. We produced per person per year (PPPY) costs by dividing the total cost by total
patient-years at risk during the follow-up period in each year. In this year’s ADR for trend analysis, we adjusted for
inflation using medical care index, the medical care component of Consumer Price Index
(https://data.bls.gov/timeseries/CUUR0000SAM?output_view=data) and expressed costs in 2019 US dollars.
Similarly, we defined costs including medical and pharmacy for individuals with Medicare Advantage or Commercial plan
coverage from the Optum® de-identified Clinformatics® Data Mart database. Optum reports a standardized amount for
each claim through applying standard pricing algorithms to the claim data in its Optum® de-identified Clinformatics® Data
Mart database to reflect allowed payments across all provider services (Clinformatics® Data Mart User Manual,
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Version 8). When we estimated the insurance paid costs, we subtracted coinsurance amount, copayment amount, and
deductible amount from the standardized amount. Additionally, Optum reports encounter claims in its Optum® deidentified Clinformatics® Data Mart database. These are claims that the insurance company did not pay for outright but
were bundled as part of a larger procedure, such as follow-up visits after surgery. Since Optum sets a standard price for
each CPT code/ICD procedure code, the encounter claims show a standard price even though the insurance company
paid nothing. Therefore, we did not include encounter claims and further limited the claims to those with a claim type “P”
(representing paid claims) when we summed all claims. Lastly, in the 2019 claims data in the Optum® de-identified
Clinformatics® Data Mart database, standardized cost is normalized to the most current cost information, i.e., it is
adjusted by 2020 cost factors. We therefore used the Optum provided cost factor table to convert the 2020-based costs
back to the 2019-based costs (Clinformatics® Data Mart User Manual, Version 8).
Figure 6.1 shows the percentage of the population and the percentage of costs of 2019 Medicare FFS patients aged 66
and older with CKD (excluding ESRD), DM, and HF. Rows in Tables 6.1 and 6.2 represent all combinations of the disease
conditions of CKD, HF, and DM. Table 6.1 shows the total population, total spending, PPPY spending, the fraction of the
total population with the given disease condition(s), and the fraction of total spending for the given disease condition(s) for
(a) 2019 Medicare FFS beneficiaries aged 66 and older; (b) 2019 Medicare Advantage beneficiaries aged 66 and older;
and (c) 2019 Commercial plans covering individuals aged 66 and older. The same information is presented for individuals
aged 18-65 years, in Medicare FFS, Medicare Advantage, and Commercial insurance in Table 6.2. All Medicare FFS
population and spending totals were multiplied by 20 to represent 100% of Medicare.
Figure 6.2 presents the trend of Medicare FFS PPPY spending for beneficiaries aged 66 years and older with CKD
(ESRD excluded), by presence of DM and HF, from 2009 to 2019, both unadjusted and inflation-adjusted terms.
Figure 6.3 presents the trend of Medicare FFS PPPY spending for beneficiaries aged 66 years and older with CKD
(ESRD excluded), by CKD stage, from 2009 to 2019, in both unadjusted and inflation-adjusted terms. Table 6.3 shows
2019 PPPY spending for individuals aged 66 years and older with CKD (ESRD excluded) by CKD stage, overall and by
patient characteristics (age, sex, race, and presence of DM or HF) covered by Medicare FFS, Medicare Advantage, and
Commercial plan, respectively. The same information is presented for the Medicare FFS, Medicare Advantage, and
Commercial insurance programs in individuals aged 18-65 years in Table 6.4. Medicare FFS spending included Parts A,
B, and D claims; Medicare Advantage and Commercial spending included medical and pharmacy claims. Spending for all
CKD included persons with missing/unknown stage of CKD.
Figure 6.4 presents overall trends in Medicare FFS Parts A, B and D spending for the general Medicare population aged
66 years and older and for those with CKD (ESRD excluded), DM, and HF from 1999 to 2019, in both unadjusted and
inflation-adjusted terms.
Figure 6.5 presents overall trends in Medicare FFS Parts A, B and D spending for individuals with CKD aged 66 and older
(ESRD excluded) by claim type from 2006 to 2019, in both unadjusted and inflation-adjusted terms. The types of claims
correspond to the types of medical services delivered; categories included inpatient institutional claims (billed by the
hospital or other facility), outpatient claims billed by facilities, physician/supplier claims (services from non-institutional
providers, mostly covered under Part B), skilled nursing facilities (note that Medicare covers short term stays for
rehabilitation after medical procedures or surgery, but not long-term care), home health agencies (another service
provided following medical procedures or surgeries), hospice care, and Part D prescription drug claims. Total Medicare
FFS inpatient spending for beneficiaries with CKD aged 66 years and older (ESRD excluded) by primary causes of
hospitalization, from 2009 to 2019, are presented in
Figure 6.6 in both unadjusted and inflation-adjusted terms. The causes of hospitalization were determined using the same
methods as in the section of Volume 1, Chapter 3: Morbidity and Mortality in Patients with CKD in this document. All
total spending was multiplied by 20 to represent cost incurred in all Medicare FFS beneficiaries.

Volume 1, Chapter 7: Prescription Drug Coverage in Patients with CKD
Most analyses in Volume 1, Chapter 7 use administrative claims data from the Medicare 5% sample. These analyses
include point prevalent Medicare beneficiaries who were aged 18 years or older, resided in the 50 U.S. states, the District
of Columbia, or the U.S. territories, and were enrolled in Medicare Parts A and B (and not enrolled in Medicare
Advantage) on January 1 of the reported year. In addition, those included were alive without ESRD and were enrolled in
Medicare Parts A and B (and not enrolled in Medicare Advantage) for the entire prior year. The requirements for
enrollment in Medicare Parts A and B (i.e., fee-for-service Medicare), and not in Medicare Advantage, were necessary to
enable identification of CKD and other covariates, as claims data were only available for those with fee-for-service
Medicare.
Initial analyses (Figures 7.1-7.2) include all Medicare fee-for-service beneficiaries meeting the criteria described above,
while subsequent analyses (Figures 7.3-7.10, 7.12-7.17 and Tables 7.2-7.3) are limited to the subset of beneficiaries with
Medicare Part D coverage on January 1 of the reported year. Beneficiaries were followed starting from January 1 of the
reported year until the earliest of the date of death, development of ESRD, disenrollment from Parts A and B (or Part D,
for analyses limited to those with Part D), or December 31 of the reported year. Analyses for Figure 7.11 include point
prevalent Medicare beneficiaries who met criteria similar to the above on December 31, 2019 who were continuously
enrolled in Medicare Parts A, B, and D (and not enrolled in Medicare Advantage) for all of 2019.
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Unlike most other chapters in Volume 1, this chapter includes Medicare beneficiaries aged 18 and older. Those included
who were under age 65 must have been eligible for Medicare for a reason other than ESRD, such as through participation
in federal disability programs (Social Security Disability Insurance or Supplemental Security Income) or due to
amyotrophic lateral sclerosis, and thus should not be viewed as representative of the U.S. general population under age
65.
Some analyses also include claims data from the Optum® de-identified Clinformatics® Data Mart Database, which
includes data for persons enrolled in Medicare Advantage and commercial health plans in the U.S. Analyses for Figure
7.8a and Tables 7.2-7.3 include point prevalent Medicare Advantage (or commercial plan) enrollees who were aged 18
years or older (aged 18-65 years) on January 1, 2019 and were alive without ESRD and were enrolled in Medicare
Advantage (a commercial health plan) for all of 2018. Since most Medicare Advantage and commercial health plans
include prescription drug coverage, we did not need to limit analyses to a specific subset of enrollees as we did for the
fee-for-service Medicare beneficiaries (i.e., those with Part D). Medicare Advantage (commercial plan) enrollees were
followed starting from January 1, 2019 until the earliest of the date of death, development of ESRD, disenrollment from
Medicare Advantage (a commercial health plan), or December 31, 2019. Analyses for Figure 7.11 include point prevalent
Medicare Advantage enrollees who were aged 18 years or older on December 31, 2019, were alive without ESRD, and
continuously enrolled in Medicare Advantage for all of 2019.
CKD was determined based on having relevant ICD-9-CM and ICD-10-CM diagnosis codes on at least one inpatient or
two outpatient claims during the prior year. Refer to the section Identification of Chronic Kidney Disease and Major
Comorbidities in the DATA SOURCES for CKD Volume, 2021 USRDS ADR for the complete methodology and relevant
diagnosis codes used to identify CKD status and CKD stage. Throughout the chapter, analyses were conducted
separately for beneficiaries with and without CKD or only among those with CKD.
In many analyses in this chapter, we report on prescription drug-related spending. In the fee-for-service Medicare data,
the Part D benefit expenditure for a prescription drug event (PDE) is defined as the sum of the amount of cost sharing for
the drug that is paid by the Part D low-income subsidy (LIS) (LIS amount) and the net amount that the Part D plan pays
for the PDE (covered Part D plan paid amount). Out-of-pocket spending is defined as the sum of the amounts the patient
pays without being reimbursed by a third party (patient payment amount), which includes all copayments, coinsurance,
deductible, or other patient payment amounts. This latter payment category includes the amount paid by other third-party
payers that reduced the beneficiary’s liability for the PDE (other true out-of-pocket amount). Two examples of this are
payments by qualified state pharmacy assistance programs or charities. In the results for the Medicare Advantage and
commercial health plan populations, the insurance expenditure for a prescription drug claim is defined as the allowable
amount minus any copayment and deductible amounts, and out-of-pocket spending is defined as the sum of the
copayment and deductible amounts.
As in last year’s ADR, we report inflation-adjusted spending. In this chapter, all spending-related results for reported years
prior to 2019 in the fee-for-service Medicare data were adjusted for inflation using the National Health Expenditures
Personal Health Care price index from the CMS Office of the Actuary National Health Statistics Group
(https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-andReports/NationalHealthExpendData/NationalHealthAccountsHistorical) and expressed in 2019 U.S. dollars. Spendingrelated data in the Medicare Advantage and commercial health plan populations, which was reported in the Optum® deidentified Clinformatics® Data Mart Database using standard cost year 2020 dollars, was also adjusted for inflation and
expressed in 2019 U.S. dollars in this chapter.
Table 7.1 is an adaptation of data presented in the “2019 Medicare Part D Outlook” section of the www.q1medicare.com
website and does not include USRDS analyses.
Figures 7.1 summarizes prescription drug insurance coverage for fee-for-service Medicare beneficiaries by source,
showing results overall and by age and race categories. The sources of coverage across the calendar year are combined
into mutually exclusive and exhaustive categories in a hierarchical manner. Enrollment in a Part D plan is determined by
the first digit of the Part D Plan Contract Number variable (one for each month) being “E” (an employer direct plan, a valid
value starting in 2007), “H” (a managed care organization other than a regional preferred provider organization (PPO)),
“R” (a regional PPO), or “S” (a stand-alone prescription drug plan). A beneficiary was considered to be enrolled in a Part D
plan if he or she was enrolled for one or more months of the analysis year. Those in a Part D plan who received a LIS in
at least one month, as determined by monthly Cost Sharing Group Code values “01” through “08”, were classified as “Part
D with LIS”, and as “Part D without LIS” otherwise. Among beneficiaries not enrolled in a Part D plan, those with at least
one month with a Part D Retiree Drug Subsidy Indictor value of “Y” (yes) were classified as “Retiree Drug Subsidy,”
meaning they enrolled in an employer-sponsored prescription drug plan that qualified for Part D’s retiree drug subsidy.
Beneficiaries meeting none of the situations described above were classified as “No known or other creditable coverage.”
Figure 7.2 shows the percentage of fee-for-service beneficiaries with Part D coverage between 2009-2019. Figure 7.3
shows the percentage receiving a LIS (overall, by race/ethnicity, and by age within race/ethnicity categories) among feefor-service beneficiaries who were enrolled in a Part D plan for at least one month in 2019. Figure 7.4 is limited to those
enrolled in a Part D plan with LIS and shows the different types of LIS, as determined by the values of the Cost Sharing
Group Code. In each of these three figures, Part D and LIS enrollment were defined as described for Figure 7.1.
Data on Medicare spending and beneficiary out-of-pocket spending for Part D benefits among fee-for-service Medicare
beneficiaries is presented in Figures 7.5-7.10. Values in these figures are presented in terms of total and/or per person
per year spending. Figure 7.7, which is new to this year’s ADR, presents spending data separately for generic and brandname prescription drugs. Spending is presented overall and stratified by sex, age, and race/ethnicity categories in Figure
7.8b, and additionally stratified by LIS status in Figure 7.9. Figure 7.8a also presents per person per year insurance and
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out-of-pocket spending on prescription drugs for enrollees in Medicare Advantage and commercial health plans. Out-ofpocket spending is presented overall and by LIS status in Figure 7.10.
Per person per year spending was calculated by dividing the total spending by the total observed person-years of followup in each year. In previous versions of the ADR, only mean values were reported for per person per year spending.
However, spending data are typically right skewed, and so outlier values on the upper end of the distribution can have an
influence on the mean. Therefore, to provide a fuller picture of the spending distribution, in this year’s ADR we report per
person per year spending using both means and box plots. Mean values are displayed using either lines or squares. Each
box plots displays information on five values: the minimum (bottom of lower whisker), lower quartile (bottom of the box),
median (line in the middle of the box), upper quartile (top of the box), and maximum (top of the upper whisker) of the
distribution. It should be noted that the minimum and maximum box plot values exclude any potential outliers, which are
numbers that are smaller (larger) than 1.5 times the interquartile range below the first (above the third) quartile. As noted
above, these outliers will usually occur on the upper end of the distribution for the spending data presented in this chapter.
Prescription drug claims occurring during follow-up in 2019 among enrollees with CKD were matched to a therapeutic
class according to the Medi-Span Generic Product Identifier (GPI) classification system. Separately for each population
(fee-for-service Medicare, Medicare Advantage, and commercial), drug classes were ranked two ways: by the percentage
of enrollees who filled at least one prescription for a given class, and by the total insurance spending for a given class.
The top 15 drug classes for each ranking method are shown in Tables 7.2 and 7.3. In addition to showing total spending
for each class, Table 7.3 also shows spending per enrollee and per drug class user for each of the 15 drug classes, as
well as total spending for all covered medications. The per enrollee and per drug class user spending values, which are
new to this year’s ADR, can be used to differentiate costly drug classes in terms of being inexpensive drugs used by a
large number of enrollees (e.g., antibiotics) versus very expensive drugs used by a minority of enrollees (e.g.,
antiretrovirals).
Figure 7.11 presents the percentage of Medicare beneficiaries with or without CKD who received medications for
cardiovascular disease in 2019. Cardiovascular diseases of interest include acute myocardial infarction (AMI),
cerebrovascular accident/transient ischemic attack (CVA/TIA), coronary artery disease (CAD), heart failure (HF),
nonvalvular atrial fibrillation (NVAF), and peripheral artery disease (PAD). Most CVDs (AMI, CVA/TIA, CAD, and HF)
were defined based on having a relevant diagnosis code on at least one inpatient or two outpatient claims in 2019. PAD
was defined based on having a relevant diagnosis code on at least one inpatient or two outpatient claims in 2019 or
having a relevant procedure code on at least one inpatient or outpatient claim in 2019. The codes and algorithms used to
identify these diseases are presented in the Excel file Codes and Algorithm for CVD and Procedure. Beneficiaries with
NVAF in 2019 were identified by excluding beneficiaries with AF who underwent a heart valve procedure or had mitral
stenosis in 2019. Refer to the worksheets AF and NVAF Exclusion in the Excel file Codes and Algorithm for CVD and
Procedure for codes and algorithm to identify beneficiaries with NVAF.
For each cardiovascular disease of interest, three drugs or drug classes were selected for assessment based on their
relevant indications:
• AMI: Beta blockers (BBs), lipid-lowering therapy (LLT), angiotensin converting enzyme inhibitors/angiotensin II
receptor blockers (ACEI/ARBs)
• CAD: BBs, LLT, ACEI/ARBs
• CVA/TIA: Oral anticoagulants (OACs), P2Y12 inhibitors, LLT
• HF: BBs, Renin-angiotensin-aldosterone system inhibitors (RAASi) including ACEI/ARBs and angiotensin receptor
neprilysin inhibitors (ARNIs), and mineralocorticoid receptor antagonists (MRAs)
• PAD: LLT, P2Y12 inhibitors, cilostazol
• NVAF: OACs, BBs, non-dihydropyridine calcium channel blockers (Non-DHP CCBs; diltiazem/verapamil)
Part D PDE claims for 2019 were searched for each drug class. A beneficiary was defined as having been prescribed a
medication in a given drug class if he/she had a claim for at least one filled or refilled medication in the drug classes
during 2019. Drugs were identified from National Drug Codes linked to Generic Product Identifiers, using the Medi-Span
Master Drug Database. The denominators were the total numbers of beneficiaries with each cardiovascular disease of
interest in each CKD status, and the numerators were the numbers of beneficiaries having a medication in each relevant
drug class, including any combination thereof, within that CKD status. Results are presented separately for fee-for-service
Medicare and Medicare Advantage beneficiaries.
Figures 7.12-7.15 present analyses related to use of and spending for different classes of diabetes medications in the feefor-service Medicare population. These analyses only include beneficiaries with CKD and type 2 diabetes. Type 2
diabetes was identified in the same manner as CKD (i.e., based on having relevant ICD-9-CM and ICD-10-CM diagnosis
codes on at least one inpatient or two outpatient claims during the prior year). Refer to the section Identification of
Chronic Kidney Disease and Major Comorbidities in the DATA SOURCES for CKD Volume, 2021 USRDS ADR for
the complete methodology and relevant diagnosis codes used to identify type 2 diabetes. All codes used for identifying the
diabetes comorbidity, except those related to type 1 diabetes, were used to identify type 2 diabetes.
Medication classes of interest were identified by matching Part D PDE claims with a specific therapeutic classes
according to the Medi-Span GPI classification system. These classes include metformin (MET), insulin (INS),
sulfonylureas (SU), dipeptidyl peptidase 4 inhibitors (DPP-4i), glucagon-like peptide-1 receptor agonists (GLP-1RA),
thiazolidinediones (TZD), sodium-glucose cotransporter-2 inhibitors (SGLT2i), meglitinides (MEG), and other diabetes
medications. The other diabetes medications class includes alpha-glucosidase inhibitors, amylin mimetics, bile acid
sequestrants, and dopamine-2 agonists. In Figures 7.12 and 7.14, INS was further sub-categorized as newer INS analogs
and older INS.
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Figures 7.12a and 7.12b present the percentage of beneficiaries who used each medication class, defined as having at
least one PDE claim for that class during follow-up in the reported year. Results are presented among all beneficiaries
with CKD and separately for those with stage 3 CKD and stage 4-5 CKD. In Figure 7.12a, results are presented overall
and stratified by age, race/ethnicity, heart failure (HF) status, LIS status, and the combination of race/ethnicity and LIS
status.
Figures 7.13 and 7.14 present per person per year Medicare and out-of-pocket spending for all diabetes medications
prescribed during follow-up in the reported year. In Figure 7.13, spending is reported for all diabetes medications
combined. Results are presented overall for years 2015-2019 and stratified by age, race/ethnicity, HF status, LIS status,
and the combination of race/ethnicity and LIS status. Stratified results are only presented for 2019. In Figure 7.14,
spending in 2019 is reported separately for each class of diabetes medications, both overall and stratified by LIS status.
Figure 7.15 presents the percentage of beneficiaries who used combinations of diabetes medications for years 20152019. Only beneficiaries who had a prescription for ≥1 diabetes medication were included in each respective year.
Combination use was defined as having at least 2 continuous calendar months with pill supply for multiple diabetes
medications. Combination use was explored for all possible mutually exclusive combinations involving two, three, or four
diabetes medications. Figure 7.15 presents results only for 8 combinations that had a prevalence ≥2% in at least one of
the reported years. These include six combinations of two drugs (MET + SU, MET + INS, SU + INS, MET + DPP-4i, SU +
DPP-4i, and DPP-4i + INS) and two combinations of three drugs (MET + SU + INS and GLP-1RA + INS).
Figures 7.16a and 7.16b present results on the use of potassium binder medications. Three medications (sodium
polystyrene sulfonate, patiromer, and sodium zirconium cyclosilicate) were identified among Part D PDE claims on the
basis of the Medi-Span GPI classification system. Use was defined as having at least one PDE claim for a given
medication during follow-up in the reported year. Results were also presented for use of any one of the three potassium
binders. Figure 7.16a includes fee-for-service Medicare beneficiaries with stage 4-5 CKD, while Figure 7.16b is further
limited to beneficiaries who had Part D coverage for at least 180 days before January 1 of the reported year and received
≥1 prescription for an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker medication during that
period. Results are presented overall for years 2015-2019 and stratified by age, race/ethnicity, HF status, LIS status, and
the combination of race/ethnicity and LIS status. Stratified results are only presented for 2019.
Figure 7.17 presents results on the use of antidepressant medications among fee-for-service Medicare beneficiaries with
CKD. Five classes of interest (selective serotonin reuptake inhibitors [SSRIs], serotonin-norepinephrine reuptake inhibitor
[SNRIs], tricyclic antidepressants [TCAs], atypical antidepressants, and other antidepressants) were identified using Part
D PDE claims on the basis of the Medi-Span GPI classification system. The other antidepressants class includes
monoamine oxidase inhibitors, maprotiline, esketamine, nefazodone, and vilazodone. Use was defined as having at least
one PDE claim for a given medication during follow-up in the reported year. Results were also presented for use of any
one of the five antidepressant classes. Results are presented overall for years 2015-2019 and stratified by age, sex,
race/ethnicity, LIS status, and the combination of race/ethnicity and LIS status. Stratified results are only presented for
2019.

Volume 1, Chapter 8: Transition of Care in Chronic Kidney Disease
This chapter 8 uses data from the Medicare 5% random sample and from the ESRD databases. First, most analyses
involving the Medicare 5% sample (Table 8.1, Figure 8.1, and Figures 8.4-8.6) include point prevalent Medicare
beneficiaries who had stages 4 or 5 CKD; were aged 66 years or older; resided in the 50 U.S. states, the District of
Columbia, or the U.S. territories; and were enrolled in Medicare Parts A and B (and not enrolled in Medicare Advantage)
on January 1, 2019. In addition, those included were alive without ESRD and were enrolled in Medicare Parts A and B
(and not enrolled in Medicare Advantage) for the entire prior year. Second, analyses for Figures 8.2-8.3 using the ESRD
database include Medicare beneficiaries with previously diagnosed CKD stage 4 or 5 who initiated maintenance dialysis
from July to December of the reported year, were aged ≥66 years at ESRD onset, and had Medicare Parts A and B FFS
coverage during the 6 months immediately preceding ESRD onset. Third, analyses for Figure 8.7 involving both the
Medicare 5% sample and the ESRD database include Medicare beneficiaries with CKD stage 4 or 5 who underwent an
arteriovenous vascular access placement in 2014-2018, were aged ≥66 years at the date of vascular access placement,
and had Medicare Parts A and B coverage during the 12 months immediately preceding surgery.
The requirements for enrollment in Medicare Parts A and B (i.e., fee-for-service Medicare), and not in Medicare
Advantage, were necessary to enable identification of CKD and other covariates, as claims data were only available for
those with fee-for-service Medicare. CKD was determined based on having relevant ICD-9-CM and ICD-10-CM diagnosis
codes on at least one inpatient or two outpatient claims during the prior year. Refer to the section Identification of
Chronic Kidney Disease and Major Comorbidities in the DATA SOURCES for CKD Volume, 2021 USRDS ADR for
the complete methodology and relevant diagnosis codes used to identify CKD status and CKD stage. For Table 8.1 and
Figures 8.1, 8.5, and 8.6, beneficiaries dually eligible for Medicare and Medicaid are identified based on the dual eligibility
status on January 1, 2019 using the Medicare Beneficiary Summary file.
Table 8.1 presents demographic and clinical characteristics of fee-for-service Medicare beneficiaries with stages 4 or 5
CKD in 2019. Results are stratified by Medicare and Medicaid dual eligibility status (i.e., Medicare FFS only versus dual
eligible). The comorbidities were defined based on having a relevant code on at least one inpatient or two outpatient
claims during the prior year (i.e., 2018). Refer to the section Identification of Chronic Kidney Disease and Major
Comorbidities in the DATA SOURCES for CKD Volume, 2021 USRDS ADR for the complete methodology and relevant
ICD-9-CM and ICD-10-CM codes used to identify these comorbidities.
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Figure 8.1 is limited to fee-for-service Medicare beneficiaries with stages 4 or 5 CKD who had Part D coverage in the 6
months prior to January 1, 2019. Part D prescription drug event (PDE) data were used to identify the percentage of
beneficiaries that filled at least one prescription in the 6 months prior to January 1, 2019 for each of the following drug
categories: angiotensin-converting enzyme inhibitors or angiotensin receptor blockers (ACEi/ARBs), beta blockers,
phosphate binders, vitamin D analogs, potassium binders, erythropoiesis-stimulating agents (ESAs), opioids, selective
serotonin reuptake inhibitors or serotonin-norepinephrine reuptake inhibitors (SSRI/SNRIs), insulin, and sodium-glucose
co-transporter-2 (SGLT2) inhibitors. Relevant PDEs for each drug class were identified by matching to a therapeutic class
according to the Medispan Generic Product Identifier (GPI) classification system. Besides Part D PDEs, Part A/B claims
with a Healthcare Common Procedure Coding System (HCPCS) code of J0881, J0885, J0888, or Q5106 were also used
to identify use of ESAs, as these drugs are frequently administered in the physician’s office or clinic. Use of insulin and
SGLT2 inhibitors was examined only among the subset of beneficiaries with diabetes, which was defined as described
above in the methods for Table 8.1. Results are stratified by Medicare and Medicaid dual eligibility status and stage of
CKD.
Figure 8.2 shows quartiles of estimated glomerular filtration rate (GFR) at transition to maintenance dialysis in Medicare
beneficiaries with previously diagnosed CKD stage 4 or 5 who were diagnosed with ESRD and initiated dialysis treatment
from July to December in each of 2014 and 2019.Patients with previously diagnosed CKD stage 4 or 5 were identified
during the 6 months before the date of ESRD onset, as described above. Estimated GFR was derived from the serum
creatinine measurement recorded on the CMS-2728 ESRD Medical Evidence Report. eGFR was estimated using the
Chronic Kidney Disease-Epidemiology Collaboration (CKD-EPI) equation. Distribution of estimated GFR (median, 25th
percentile, 75th percentile) are presented overall and are also further stratified by age, sex, and race/ethnicity categories.
Figure 8.3 shows the percentage of patients who experienced an out-of-hospital transition to maintenance dialysis among
the same cohort for Figure 8.2. An out-of-hospital transition was defined by the absence of an inpatient facility claim that
overlapped dialysis initiation date. Results are presented overall and are also further stratified by age, sex, and
race/ethnicity categories.
Figure 8.4 shows rates of hospitalizations, hospital observation stays, and emergency department (ED) encounters in
2019 by CKD stage among 2019 January 1st point prevalent Medicare fee-for-service patients with diagnosis of CKD
stage 4 or 5 in the Medicare 5% database (Figure 8.4a). Figure 8.4 also shows cause-specific hospitalization rate among
the same cohort and further by patient age, sex, and race/ethnicity(Figure 8.4b-8.4d). Hospitalizations include only those
with acute admissions (hospitalizations) and hospital observation stays and ED encounters include only those not leading
to hospitalization. Causes of hospitalization include AKI, hyperkalemia, and heart failure or volume overload (HF/Volume
Overload). The cause of a hospitalization is determined by the primary diagnosis code on the claim using ICD-10-CM
codes. The codes used are N170, N171, N172, N178, N179, N010, N011, N012, N013, N014, N015, N016, N017, N018,
N019 for AKI; E875 for hyperkalemia; A1884, I0981, I110, I130, I132, I420, I421, I422, I423, I424, I425, I426, I427, I428,
I429, I43, I50 for heart failure; and E8770, E8779 for volume overload. All events (hospitalization, hospital observation
stay, and ED encounter, and cause-specific hospitalization) are identify in the analysis period, which is from January 1st,
2019 to the earliest of death, loss of Medicare coverage (including enrollment in Medicare Advantage), onset of ESRD,
and December 31, 2019.
Figure 8.5 is limited to fee-for-service Medicare beneficiaries with stages 4 and 5 CKD who had Part D coverage on
January 1, 2019. Part D PDE data and Part A/B claims were used (as described above for Figure 8.1) to identify the
percentage of beneficiaries who filled at least one prescription or had at least one Part A/B claim for use of ESAs during
follow-up in 2019. Similarly, we identified the percentage of beneficiaries who had at least one Part A/B claim for use of
intravenous (IV) iron (i.e., claims with a HCPCS code of J1437, J1439, J1443, J1444, J2916, J1750, J1756, or Q0138)
during follow-up in 2019. Specifically, the follow-up period for identification of use of ESAs or IV iron is from January 1,
2019 to the earliest of death, loss of fee-for-service Medicare coverage, onset of ESRD, or December 31, 2019. Results,
which are stratified by Medicare and Medicaid dual eligibility status, are presented overall and are also further stratified by
age, sex, race, and diabetes categories.
Figure 8.6 is limited to fee-for-service Medicare beneficiaries with stages 4 or 5 CKD on January 1, 2019. The figure
presents the percentage of beneficiaries who had at least one claim for a procedure for placement of a permanent dialysis
access (i.e., arteriovenous fistula or graft, or peritoneal dialysis catheter) between January 1, 2019 and the earliest of
death, loss of fee-for-service Medicare coverage, onset of ESRD, or December 31, 2019. These procedures were
identified using HCPCS codes (36818, 36819, 36820, 36821, 36825, 36830, 49419, 49420, and 49421) and ICD-9/10-CM
procedure codes (39.27; 03150ZD, 03160ZD, 03170ZD, 03180ZD, 03190ZF, 031A0ZF, 031B0ZF, 031C0ZF, 03150JD,
03160JD, 03170JD, 03180JD, 03190JF, 031A0JF, 031B0JF, and 031C0JF). Results, which are stratified by Medicare
and Medicaid dual eligibility status, are presented overall and are also further stratified by age, sex, race, and diabetes
categories.
Figure 8.7 displays outcomes following vascular access placement between January 1, 2014, and December 31, 2018,
among Medicare beneficiaries with CKD stages 4 or 5. Vascular access placement surgeries were identified using
HCPCS codes (36818, 36819, 36820, 36821, 36825, 36830) in claims. Patients with diagnosis of CKD stage 4 or 5 were
identified during the 12 months before vascular access placement using the methods described above. Patients were
followed from the date of access placement surgery to the earliest of the date of ESRD onset, the date of death, loss of
Medicare fee-for-service coverage, or December 31, 2019. At each 30-day point after the date of access placement
surgery, the distribution of the following outcomes was estimated: no change (i.e., still having Medicare fee-for-service
coverage and CKD stages 4 or 5); diagnosis of ESRD and initiation of hemodialysis with a functioning arteriovenous
access (fistula or graft); diagnosis of ESRD and initiation of hemodialysis with a catheter; diagnosis of ESRD and either
initiation of peritoneal dialysis, receipt of a preemptive kidney transplant, or initiation of other kidney replacement therapy;
or death. When a patient reached one of the aforementioned outcomes, the patient remained in that state for the duration
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of follow-up; thus, patients who initiated hemodialysis with a catheter did not, in this analysis, subsequently transition to
hemodialysis with an arteriovenous access.
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