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Healthcare Costs Across Diabetic Kidney Disease
Stages: A Veterans Affairs Study
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Joanne LaFleur

Background: In the United States, diabetic kidney
disease (DKD) affects about one-third of
individuals with type 2 diabetes, causing
significant economic burdens on the health care
system and affecting patients’ quality of life.

Objective: The aim of the study was to quantify the
burden of care in patients at different stages of
DKD and to monitor shifts in healthcare costs
throughout these stages.

Methods: This study used data from the Veterans
Affairs National database, focusing on US veterans
diagnosed with DKD between January 2016 and
March 2022. Aggregated all-cause health care
costs per month were summarized using
descriptive statistics. We used a generalized
linear model to calculate the cost of DKD patent
care based on the stages, dialysis phase, and
kidney replacement therapy.

Results: The cohort of 685,288 patients with DKD
was predominantly male (96.51%), White (74.42%),
and non-Hispanic (93.54%). The mean (SD) per-
patient per-month costs were $1,597 ($3,178),
$1,772 ($4,269), $2,857 ($13,072), $3,722
($12,134), $5505 ($14,639), and $6,999
($16,901) for stages 1, 2, 3a, 3b, 4 and 5
respectively. The average monthly expenditure for
patients receiving long-term dialysis was $12,299.
Costs peaked sharply during the first month of
kidney replacement therapy at $38,359 but
subsequently decreased to $6,636 after 1 year.

Conclusions: The economic implications of DKD
are profound, emphasizing the need for efficient
early detection and disease management strate-
gies. Preventing patients from progressing to
advanced DKD stage will minimize the economic
repercussions of DKD and will assist health care
systems in optimizing resource allocation.
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hronic kidney disease (CKD) represents a significant

public health challenge in the United States, with
approximately 35.5 million or 15% of US adults being
affected.’ Diabetic kidney disease (DKD) is a clinical term
characterizing the onset of CKD as a complication of
diabetes based on diagnostic criteria such as symptoms,
signs, and laboratory data.” It is estimated that between
20% and 40% of individuals with type 2 diabetes (T2D)
develop DKD.” Globally T2D stands as a primary
contributor to CKD and eventual kidney failure necessi-
tating dialysis and kidney replacement therapy (KRT).”
DKD places significant economic burden on health care
system and severely alters the quality of life of those
diagnosed.”” The increasing incidence of T2D and asso-
ciated risk elements has led to an increasing prevalence of
DKD, further intensifying health care demands and
related financial implications.’

Some individuals with DKD will experience progres-
sion over time. Advanced stages of DKD are associated
with an increased risk of cardiovascular complications as
well as the development of kidney failure that requires
long-term dialysis, leading to a significant increase in
health care cost along with DKD progression.” * Ac-
cording to a recent analysis of a commercial claims from
2014 through 2019, the estimated cost to payers in the
United States was $7,725 per 4 months for stage 1 or 2
DKD patients, which increased to $11,879 with pro-
gression to stage 5.” T2D patients covered by commercial
insurance, on average, incurred $24,209 of total cost
annually since the onset of kidney disease.” However,
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study findings are not applicable for an economic burden
calculation or health technology assessment in non-
commercially insured or uninsured population primarily
because of the variation in payment mechanisms in the
United States. Further, with recent developments in DKD
management and changes in nephroprotective agent use,
it is warranted to analyze the recent cost of care for DKD
patients.”

Kidney disease imposes a significant burden to the
Veterans Health Administration (VHA), the largest inte-
grated health care system in the United States. CKD affects
1 out of 6 veterans, and this number continues to increase
as a result of the high prevalence of diabetes approaching
25% of the veterans affairs (VA) population. As a part of
the efforts to alleviate the burden of care, the Department
of Veterans Affairs issued the new VHA Directive 1053 in
2020 aiming to improve the prevention, early recognition
and management of CKD in VA medical facilities.” A
precise estimation of the cost incurred by DKD patients
would place another stepping stone to propose action
plans to mitigate costs, which is a part of the
Directive 1053.

To close the aforementioned knowledge gap, we per-
formed a retrospective cost of care study using the data
obtained from VHA. Our primary aim was to estimate the
cost of care incurred by patients with DKD, with a specific
focus on stage-by-stage expenses within the VA commu-
nity to inform and guide the development of cost-effective
strategies that can be used to optimize the management of
this condition within the US VHA.
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PLAIN-LANGUAGE SUMMARY

Diabetic kidney disease (DKD) places a substantial
burden on health care systems in the United States. In
part of our effort to close the knowledge gap around the
disease burden, care cost analysis for the patients with
DKD was performed for US veterans. Along with stage
progression, overall care costs per-patient per-month
drastically increases from $1,597 (stage 1) to $6,999
(stage 5). Monthly costs exceeded $10,000 once vet-
erans started to receive long-term dialysis. The quanti-
tative summary will help health care systems efficiently
allocate resources across various disease sectors.

METHODS

This is a retrospective cohort study using a secondary
database obtained from the National VHA.

Overview of Data

VHA is the largest unified health care system in the United
States and operates 172 hospitals and 1,138 outpatient
facilities.'” Using the Veteran Affairs Informatics and
Computing Infrastructure, investigators had access to a
comprehensive repository of various patient data types,
including pharmacy records, laboratory results, clinical
data, and procedural information. The cost information
was abstracted from the VA Managerial Cost Accounting
that relies on pre-existing VA databases for information on
what care was provided and which patients used it. Data
integrity ~within Veteran Affairs Informatics and
Computing Infrastructure is maintained through the Vet-
eran Affairs Surgical Quality Initiative Project, a quality
assurance endeavor. The use of Veteran Affairs Informatics
and Computing Infrastructure to obtain the limited VHA
data used to perform this retrospective observational
research was deemed exempt as a nonhuman subject
research by the University of Utah and Salt Lake VA
Institutional Review Boards.

Cohort Selection and Stage Classification

Our research focused on US veterans with DKD seen be-
tween January 2016 and March 2022. To qualify for our
study, the individuals were required to have T2D
confirmed by either 2 or more health care encounters
(inpatient, outpatient, and emergency department ser-
vices) with T2D diagnosis in different dates within 365
days or records of noninsulin antidiabetic agent use along
with 1 or more T2D diagnosis within 365 days. Study
individuals had at least 1 T2D encounter before the record
of estimated glomerular filtration rate (eGFR) or micro-
albuminuria for DKD. Patients with type 1 diabetes or
gestational diabetes during the cohort identification period
were excluded from our study.

The analytic cohort includes patients with DKD with either
eGFR less than 60 mL/min/1.73 m® or microalbuminuria

(urinary albumin-creatinine ratio [uACR] = 30 mg/g),
indicating kidney function decline and kidney damage,
respectively. For the patients with missing albuminuria
records, we used wurinary protein-creatinine ratio
(uPCR) = 15 mg/mmol or urinary protein= 150 mg/
day as an alternative indicator of the kidney damage. To
confirm the chronic status, patients must have at least 2
eGFR or microalbuminuria (proteinuria) measurements
on 2 different dates 90-365 days apart. We also included
T2D patients with a record of long-term dialysis or KRT
as defined by 2 or more relevant procedures in different
dates within the 90 days. Individuals under the age of 18
years at the first record with abnormal eGFR or albu-
minuria were excluded from our study. The first of the
multiple encounters was considered as a cohort entry
date or index date for the DKD stage progression. Of
note, we calculated eGFR based on the Modification of
Diet in Renal Disease equation in which racial back-
ground is a regressor, considering that individual labo-
ratories would have converted the eGFR values using the
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) 2012 or CKD-EPI 2021 equation at different
times.'' "’

We first defined the DKD stages based on the records at
the cohort entry date.® To address the anticipated gradual
decrease in the intensity of KRT over time, the follow-up
period after transplant was segmented into 4 groups: first
month, second and third months, fourth to 12th months,
and after 1 year. All patients were reassessed over the
follow-up period from the cohort entry date to either last
encounter date, or March 2023, for the potential DKD
stage reclassification. Once the stage progression was
confirmed by the 2 or more laboratory test results or
procedure records, we reassigned the patient to the newly
advanced stage for the stage-specific cost assessment at
the first date out of multiple laboratories meeting the
stage criteria. In our analysis, patients were not allowed
to move from advanced DKD stage to a less severe eGFR
criteria.

Baseline Characteristics

Patient characteristics including clinical characteristics and
demographics were collected from the structured elec-
tronic health care records during the 365 days before or at
the cohort entry date, and reassessed at the 1-year baseline
of each progression. Demographic information included
age, sex (male or female), race, ethnicity, and smoking
status. We also captured clinical characteristics, point-of-
care measures and laboratory test results, body mass in-
dex (BMI), systolic blood pressure, and diastolic blood
pressure as well as glycated hemoglobin (HbAlc), low-
density lipoprotein, high-density lipoprotein, total
cholesterol, and triglyceride levels. Further, we abstracted
the diagnosis codes and VHA problem lists to identify
comorbid conditions, including hypertension, dyslipide-
mia, malignancy, liver disorder, anemia, gout, connective
tissue disorder, and substance abuse.
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Outcome

All-cause health care costs covered by the VHA was the
outcome of interest. Health care costs while the patient
stayed in a specific stage were abstracted from the VHA’s
Managerial Cost Accounting. Therefore, the cost calcula-
tion was based on the information on the care provided
and used within the VHA, and reflects the VA health care
sector’s perspective. All the costs were inflation adjusted to
2022 USD values using the Bureau of Labor Statistics
Consumer Price Index for All Urban Consumers.'” To
adjust for the differential duration of DKD stages, we
divided the aggregated stage-specific costs by the time and
calculated per-patient per-month (PPPM) cost.

Patients could potentially qualify for the cost analysis on
multiple occasions as their DKD advances into more severe
stages. For instance, patients initially entering the analytic
cohort with stage G3a DKD were suitable for the cost
estimation for G3a, as long as their DKD did not progress
further. If their DKD advanced to stage 3b or stage 4 with a
reduction in eGFR, they re-entered the analytic cohort for
the respective stage cost assessment.

Statistical Analysis

Descriptive statistics were used to present the number of
patients at different DKD stages after the analytic cohort
entry and subsequent stage transition. Continuous vari-
ables including age, BMI, and laboratory test values were
summarized using means and standard deviations. Missing
observations were excluded in the calculation of summary
statistics for continuous variables. Age, BMI and Alc levels
were categorized into 3 or 4 classes based on the distri-
bution of the features and clinical risk thresholds. All the
categorical variables were summarized using frequency
and percentages out of the total number of eligible in-
dividuals, and missing records were categorized into the
“unknown” category.

Mean (SD) and median (interquartile range) of the
stage-specific PPPM expenditure were estimated. Given the
skewed nature of cost data, a generalized linear model was
applied employing a Gamma error distribution and a log-
link function, in which the cost and its variance were
correlated with stage progression. The adjusted costs were
recalculated using the regression coefficients for each stage
in reference to the intercept estimates for Stage G1. To
determine the 95% confidence interval range for these
adjusted cost predictions, a 5,000 semi-parametric boot-
strap using the regression coefficients and their standard
error was performed.

RESULTS

We identified 685,288 patients with 1,018,546 instances
of various DKD stages (patients were counted multiple
times if they progressed to a more advanced stage during
the study period). Overall, stages G3a (50.16%) followed
by G3b (25.03%) account for more than two-third of the
study cohort. The analysis included 26,396 long-term

Kidney Med Vol 6 | Iss 9 | September 2024 | 100873

Kidney Medicine

dialysis and 1,970 kidney transplant cases. More than
95% of individuals in each stage in our cohort were males,
and the age distribution in different groups varied.
Although patients were predominantly White in every
DKD stage, the proportion of African Americans was
generally greater among the patients with advanced stages,
with 15.0%, 15.2%, 20.7%, 33.8% and 40.6% in stages
G3a, G3b, G4, and G5 of and long-term dialysis, respec-
tively (Table 1).

On average, veterans with DKD carry elevated metabolic
and cardiovascular risks (Table 2). The mean BMI was
consistently above 30. However, there was a declining BMI
pattern with higher DKD stages: stage 1 patients entered
the cohort with an average BMI of 33, and KRT patients
had the mean BMI of 30 at different stages of KRT. The
average systolic blood pressure across the stages 1 to 4
ranged from 135 to 140 and was higher than 140 among
patients with DKD at stage 5 or beyond. In general, Alc,
diastolic blood pressure, low-density lipoprotein, high-
density lipoprotein, total cholesterol, and triglyceride
levels were also higher than the average values for the
population. uACR, an indicator of kidney damage, gener-
ally increased with stage progression, with mean uACR
values of 177.7 and 368.9 mg/gCr at stages G1 and G5,
respectively.

Chronic conditions defined by discrete criteria and
diagnosis codes across the stages of DKD are outlined in
Table 3. The percentage of patients with overweight or
obesity as defined by BMI > 25 kg/m” was consistently
between 80% and 90% across all groups. In higher DKD
stages, there was a higher proportion with HbAlc < 7%.
Specifically, only 30.3% of patients in stage 1 had an Alc
level below 7.0%, compared with 53.2% for those in stage
5 and 55.0% among patients undergoing dialysis. The
prevalence of anemia was higher with more advanced
stages of DKD. In stage 1, only 2.9% of patients exhibited
anemia. However, this proportion was 45.1% among stage
5 patients and 58.6% among those undergoing dialysis. A
small fraction of patients had connective tissue disease
with the proportions ranging from 0.17% to 1.07%. The
majority of patients with DKD had a diagnosis of hyper-
tension, which also was higher in more advanced stages of
DKD (67% of stage 1 patients had hypertension which
increased to 73.9%, 73.9%, 77.1%, 80.8%, and 81.7% for
stages 2, 3a, 3b, 4, and 5 respectively). The DKD patient
cohort was dominated with dyslipidemia with a prevalence
of 57.5% and 65.8% noted for at stages 1 and 5, respec-
tively (Table 3).

The mean and median PPPM costs increased with dis-
ease progression. The mean (SD) PPPM costs were $1,597
($3,178), $1,772 ($4,269), $2,857 ($13,072), $3,722
($12,134), $5,505 ($14,639), and $6,999 ($16,901) for
stages 1, 2, 3a, 3b, 4 and 5, respectively. The corre-
sponding median costs were $795, $892, $1,036, $1.324,
$2,040, and $2,271, respectively. The differences between
the mean and median costs highlighted the right-skewed
nature of cost data. Similarly, for patients undergoing
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Table 1. Demographics at Baseline

DKD Stages Kidney Replacement Therapy
Characteristic  G1 A2/A3 G2 A2/A3 G3a G3b G4 G5 Dialysis First 30 d 31-90d 91-365 d After 1y
N 18,833 (1.9) 96,700 (9.5) 508,026 (50.2) 253,508 (25.0) 85,581 (8.5) 21,786 (2.2) 26,369 (2.6) 1,970 (0.2) 1,965 (0.2) 1,948 (0.2) 1,860 (0.2)
Sex
Female 771 (4.1) 2,996 (3.1) 18,854 (3.7) 8,693 (3.4) 2,686 (3.1) 588 (2.7) 693 (2.6) 69 (3.5) 69 (3.5) 69 (3.5) 66 (3.5)
Male 18,062 (95.9) 93,704 (96.9) 489,172 (96.3) 244,815 (96.6) 82,895 (96.9) 21,198 (97.3) 25,676 (97.4) 1,901 (96.5) 1,896 (96.5) 1,879 (96.5) 1,794 (96.5)
Age, y
75+ 1,832 (9.7) 17,894 (18.5) 147320 (29.0) 99,340 (39.2) 31,218 (36.5) 5,459 (25.1) 4,781 (18.1) 93 (4.7) 93 (4.73) 92 (4.72) 83 (4.46)
65-74.9 7236 (38.4) 45,860 (47.4) 260,145 (51.2) 114,699 (45.2) 38,614 (45.1) 10,261 (47.1) 12,484 (47.3) 864 (43.9) 863 (43.92) 857 (43.99) 817 (43.92)
45-64.9 8,473 (45.0) 30,970 (32.0) 98,072 (19.3) 38,742 (15.3) 15,390 (18.0) 5,917 (27.2) 8,857 (33.6) 938 (47.6) 934 (4753) 925 (47.48) 889 (47.80)
<45 1,292 (6.9) 1,976 (2.0) 2,489 (0.5) 727 (0.3) 359 (0.4) 149 (0.7) 247 (0.9) 75 (3.8) 75 (3.82) 74 (3.80) 71 (3.82)
Race
White 12,116 (64.3) 69,098 (71.5) 391,676 (77.1) 195,254 (77.0) 60,830 (71.1) 12,272 (56.3) 13,132 (49.8) 914 (46.4) 910 (46.3) 901 (46.3) 861 (46.3)
African 4,073 (21.6) 17210 (178) 75,980 (15.0) 38,411 (15.2) 17744 (20.7) 7367 (33.8) 10,717 (40.6) 848 (43.0) 847 (43.1) 841 (43.2) 802 (43.1)
American
Asian Pacific 537 (2.9) 2,684 (2.8) 9,488 (1.9) 4,850 (1.9) 1,828 (2.1) 629 (2.9) 807 (3.1) 72 (3.7) 72 (3.7) 72 (3.7) 70 (3.8)
Native 432 (2.3) 1,488 (1.5) 5,049 (1.0) 2,443 (1.0) 944 (1.1) 296 (1.4) 362 (1.4) 26 (1.3) 26 (1.3) 26 (1.3) 25 (1.3)
American or
Alaskan
Unknown 1,675 (8.9) 6,220 (6.4) 25,833 (5.1) 12,550 (5.0) 4,235 (4.9) 1,222 (5.6) 1,351 (5.1) 110 (5.6) 110 (5.6) 108 (5.5) 102 (5.5)
Ethnicity
Non-Hispanic 16,472 (87.5) 87447 (90.4) 479,186 (94.3) 239,154 (94.3) 79,830 (93.3) 19,837 (91.1) 23,979 (90.9) 1,744 (88.5) 1,741 (88.6) 1,725 (88.6) 1,646 (88.5)
Hispanic 2,361 (12.5) 9,253 (9.6) 28,840 (5.7) 14,354 (5.7) 5,751 (6.7) 1,949 (8.9) 2,390 (9.1) 226 (11.5) 224 (11.4) 223 (11.4) 214 (11.5)
Smoking
Current 3,300 (17.5) 12,608 (18.0) 57119 (11.2) 30,131 (11.9) 11,462 (13.4) 3,199 (14.7) 4,147 (15.7) 142 (7.2) 141 (7.2) 139 (7.1) 129 (6.9)
Former 3,283 (17.4) 15,972 (16.5) 101,901 (20.1) 57,648 (22.7) 20,361 (23.8) 4,973 (22.8) 6,167 (23.4) 439 (22.3) 439 (22.3) 437 (22.4) 412 (22.2)
Never 10,324 (54.8) 58,275 (60.3) 277688 (54.7) 127420 (50.3) 40,286 (47.1) 9,946 (45.7) 11,437 (43.4) 953 (48.4) 950 (48.3) 939 (48.2) 898 (48.3)
Unknown 1,926 (10.2) 9,845 (10.2) 71,318 (14.0) 38,309 (15.1) 13,472 (15.7) 3,668 (16.8) 4,618 (17.5) 436 (22.1) 435 (22.1) 433 (22.2) 421 (22.6)

Note: Each patient could contribute to multiple CKD stages over the course of follow-up on progression.
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Abbreviations: Alc, glycated hemoglobin (%); BMI, body mass index; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; uACR, urine albumin-creatinine ratio

(mg/g).
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dialysis, the mean (SD) cost was $12,299 ($24,355), and
the median was $6,012. There is a high cost immediately
after transplant in which the mean (SD) PPPM cost in the
first month of KRT was $38,360 ($73,653) and median
was $4,926. The mean costs gradually decrease with time
in which the PPPM costs were $12,105 ($112,488),
$9,892 ($119,705), and $6,636 ($15,572) for months 2-
3, months 4-12, and after 1 year of follow-up, respectively
(Table 4).

The anticipated stage-specific costs and 95% confidence
intervals calculated from the regression are projected in
Figure 1. The PPPM all-cause health care costs associated
among DKD patients exponentially increases from stage 1
to dialysis. There was no overlap of the confidence interval
ranges, demonstrating a distinctive cost difference and
escalation across the DKD stages. A gradual decrease in the
monthly care cost over time was observed in patients
receiving KRT (Fig 1).

DISCUSSION

Health care costs among patients with DKD sharply
increased with progression to each stage, with the esti-
mated cost exceeding $5,000 per month in patients with
stage 4 disease or in severe conditions. We summarized the
real-world economic burden of health care among veterans
with DKD in VHA, the largest integrated health care system
in the United States. Using the data obtained from the
nationwide health care system, this study includes more
than 1,000,000 unique datapoints on DKD stage infor-
mation from all DKD cases from recent VHA data. There-
fore, the economic burden estimates from our study are
generalizable to the national VA population, having the
greatest influence on the US health care economy.

A correlation between advanced DKD stages and esca-
lating health care costs was observed, and the pace of care
cost escalation in the veterans with DKD increases with
stage progression. Similar to the recent stage-specific es-
timates from Canadian population, the cost escalation
trend from among veterans with DKD was particularly
pronounced in the stages G4 or above, with the all-cause
monthly health care costs exceeding $10,000 once pa-
tient started long-term dialysis.'” This exponential escala-
tion of DKD patient care cost, coupled with a rate of DKD
stage progression among veterans that exceeds the antici-
pated eGFR decline in general population, will impose a
significant burden to the VHA.'® Therefore, once a
decrease in eGFR is identified, the recommended approach
for cost containment, which also aligns with DKD man-
agement guidelines, is to focus on preventing further stage
progression in patients. e

These findings echo the VHA Directive 1053, empha-
sizing the need for early CKD intervention in VA medical
facilities.” Of the 9 million veterans under VA care, 11%
meet the criteria for CKD, making it the fourth most
common diagnosis in the VA.” The annual VHA costs
associated with CKD can reach up to $19 billion, with a
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Table 3. Comorbid Conditions and Categorized Measures of Baseline Characteristics: Risk Factors in DKD Progression

(-]

Kidney Replacement Therapy

After 1y

91-365 d

31-90d

Stage 2 Stage 3a Stage 3b Stage 4 Stage 5 Dialysis First 30 d

Stage 1

Characteristic

BMI

943 (50.7)

980 (50.3)
670 (34.4)
298 (15.3)

(0.0

989 (50.3)
676 (34.4)
300 (15.3)

(0.0)

48,648 (56.8) 11,403 (52.3) 12,906 (48.9) 991 (50.3)

144,802 (57.1)

12,026 (63.9) 60,912 (63.0) 297,953 (58.6)

4,877 (25.9)
1,904 (10.1)
26 (0.1)

30+

634 (34.1)
283 (15.2)

(0.0)

678 (34.4)
301 (15.3)

(0.0)

8,076 (30.6)
5,364 (20.3)
23 (0.1)

6,656 (30.6)

24,930 (29.1)

155,186 (30.5) 76,882 (30.3)
54,435 (10.7)

452 (0.1)

26,689 (27.6)
9,023 (9.3)
76 (0.1)

25-29.9

11,929 (13.9) 3,712 (17.0)

74 (0.1)

31,595 (12.5)

229 (0.1)

Less than 25
Unknown

Alc

15 (0.1)

421 (21.4) 417 (21.4) 401 (21.6)
396 (20.2) 375 (20.2)

422 (21.4)

4,928 (18.7)

26,096 (30.5) 4,914 (22.6)

138,938 (27.3) 76,995 (30.4)

37,028 (38.3)

8,719 (46.3)
4,250 (22.6)
5,712 (30.3)
152 (0.8)
551 (2.9)
49 (0.3)

8.0%+

392 (20.1)

396 (20.1)

11,586 (63.2) 14,512 (55.0) 973 (49.4)

502 (2.3)
23,038 (26.9) 9,823 (45.1)

278 (0.3)

5,020 (19.0)

21,925 (25.6) 4,784 (22.0)

24,855 (25.7) 129,259 (25.4) 66,880 (26.4)

7.0%-7.99%

Kim et al

910 (48.9)
174 (9.4)

960 (49.3)

179 (9.2)

969 (49.3)
179 (9.1)

34,191 (35.4) 225,688 (44.4) 104,292 (41.1) 35,843 (41.9)

626 (0.6)

Less than 7%
Unknown
Anemia

179 (9.1)

15,449 (58.6) 786 (39.9)

1,909 (7.2)
115 (0.4)

1,717 (2.0)

5,341 (2.1)

14,141 (2.8)
39,507 (7.8)

721 (38.8)

21 (1.1)

772 (39.6)

21 (1.1)

782 (39.8)

21 (1.1)

35,307 (13.9)
916 (0.4)

4,936 (5.1)

21 (1.1)

55 (0.3)

2,179 (0.4)

165 (0.2)

Connective

tissue disease
Dyslipidemia
Gout

16,943 (64.3) 1,162 (59.0) 1,159 (69.0) 1,147 (58.9) 1,087 (58.4)

13,764 (63.2)

162,482 (64.1) 56,276 (65.8)

20,130 (7.9)

60,570 (62.6) 315,102 (62.0)

4,026 (4.2)

10,822 (57.5)
416 (2.2)

259 (13.3) 247 (18.3)

265 (13.5)

266 (13.5)
195,431 (77.1) 69,148 (80.8) 17,807 (81.7) 21,986 (83.4) 1,648 (83.7) 1,643 (83.6) 1,626 (83.5) 1,554 (83.5)

3,723 (14.1)

10,153 (11.9) 2,961 (13.6)

27916 (5.5)

71,429 (73.9) 375,511 (73.9)

5,067 (5.2)

12,619 (67.0)
1,014 (5.4)

952 (5.1)
Note: Each patient could contribute to multiple CKD stages over the course of follow-up on progression.

Hypertension

251 (13.5)
159 (8.5)

266 (13.5) 266 (13.5) 262 (13.4)
174 (8.9) 172 (8.8)

6,283 (7.3) 2,109 (9.7) 3,317 (12.6)
3,093 (11.7) 174 (8.8)

13,504 (5.3)

23,750 (4.7)

Liver disease
Malignancy

2,474 (11.4)

49,015 (9.6) 29,196 (11.5) 10,877 (12.7)

7,055 (7.3)

significant impact of advanced stages of the disease and
treatments like dialysis.” However, only 5% of veterans
have been diagnosed, indicating limited awareness within
the VA health care system about this financially and
medically burdensome illness.” Given that CKD is
frequently underdiagnosed, the VHA Directive 1053
highlights prevention, early detection, and robust man-
agement.” The VHA’s Veteran Kidney Health Committee
further reinforces this by addressing kidney care compre-
hensively, from preventive measures for high-risk groups
to leveraging technological advancements, ensuring both
enhanced care and efficient resource utilization.”

Our findings are noteworthy as the most recent care
cost estimation for the patients with DKD. The burden of
DKD care in the commercially insured population has been
an interest to health economics and outcomes research. For
example, the all-cause annual health care cost for patients
with stage 3a to stage 5 DKD from 2009 to 2012 ranged
from $1,732 to $20,210 based on the 2015 USD value.”"
Lately, a study using a laboratory data linked 2014-2019
commercial health plan claims calculated a 4-month all-
cause DKD patient care costs of stages 1 through 5 of
$7,700 to $12,000 in 2020 USD.” However, fluctuation
around the cost estimates of DKD makes the application of
the previous findings for the assessment of recently
developed technologies challenging. The accuracy of
adjusting for the historic estimates using the consumer
price index could be influenced by the recent trends in
gross health care expenditures, such as medical care price
escalation not outpacing the general growth of economy
with coronavirus disease <COVID) pandemic or a decrease
in the overall share of the gross domestic product devoted
to health care.'™*""?* With respect to the scope of clinical
pathways, the recent shift in the use of renal-protective
agent use in early-stage DKD might lead to a significant
shift in the DKD management strategy followed by changes
in health care costs.””*** Such longitudinal changes, along
with the diversity of population characteristics across
various health care delivery systems, should be addressed
by incorporating up-do-date epidemiological and eco-
nomic data, particularly when a value assessment is per-
formed before a health care system adapts an advanced
treatment strategy or diagnostics. The comprehensive
summary of the recent health care expenditures from our
study will provide inputs in projecting the economic
outcomes of new interventions in US veterans with DKD
for the postpandemic era.

Understanding recent studies on the cost of DKD patient
care will help to interpret and appreciate the value our
findings. Nichols at al*’ analyzed the health care cost
attributed to CKD care while controlling for cardiovascular
conditions. In this assessment, CKD management in pa-
tients with diabetes is associated with an incremental
health care cost ranging between $4,200 and $5,800 per-
patient per-year in 2020 USD. Total health care costs
varied from $13,000 to $34,000, depending on the
presence of cardiovascular comorbid conditions alongside
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Table 4. Descriptive Summary of the Cost for DKD Patient Care

Kidney Medicine

n Mean (SD) Median (Interquartile Range)

Stage 1 18,833 1,597 (3,178) 795 (403-1,618)
Stage 2 96,700 1,772 (4,269) 892 (451-1,824)
Stage 3a 508,026 2,857 (13,072) 1,036 (472-2,432)
Stage 3b 253,508 3,722 (12,134) 1,324 (566-3,368)
Stage 4 85,581 5,505 (14,639) 2,040 (795-5,484)
Stage 5 21,786 6,999 (16,901) 2,271 (886-6,213)
Dialysis 26,369 12,299 (24,355) 6,012 (2,303-14,132)
Kidney First month 1,970 38,360 (73,653) 4,926 (2,180-24,999)
Replacement Second-Third month 1,965 12,105 (112,488) 2,965 (1,275-9,405)
Therapy 4th-12th month 1,948 9,892 (119,705) 3,551 (1,696-8,232)

After 1y 1,860 6,636 (15,572) 3,418 (1,672-7,689)

Note: Summary statistics are unadjusted mean and median of per-patient per-month costs.

diabetes and CKD. These annualized cost estimates align
with our findings for the stages 1 through 3a DKD patients,
after accounting for health care cost inflation.”” The actual
burden of DKD in the United States would be even greater
from a broad societal perspective, considering the indirect
impact of the disease and unrecognized progression to
late-stage kidney disease that imposes a burden beyond
health care sectors or payers.”*”’

The use of various methods available to calculate eGFR
would be interesting to consider when interpreting our
study findings. We classified patient DKD stages based on
the eGFR from the Modification of Diet in Renal Disease
method, which factors race into the calculation.'

$42,000 DKD stages Bootstrap Mean [95% CI]
$40,000
$38,000 Stage 1, A2/A3 $1,597 [1,570 — 1,625]
$36,000 Stage 2, A2/A3 $ 1,772 [1,727 - 1,821]
$14,000 Stage 3a $ 2,857 [2,787 — 2,928]
$12,000
Stage 3b $ 3,722 [3,627 — 3,819]
$10,000
$8,000 Stage 4 $ 5,505 [5,363 — 5,652]
$6,000 Stage 5 $ 6,999 [6,790 — 7,210]
$4,000 - T
- Dialysis $ 12,298 [11,940 — 12,661]
$2,000 -
0 _% 7 KRT, 1* month $ 38,361 [36,125 — 40,650]
%] > Ne) ™ < Q > o o S
N Qg”’ & & L » & & S & & KRT, 2" — 3 months | §$ 12,105 [11,406 — 12,854]
WA e g S S N}& & &
1 & A &S KRT, 4" — 12" months | § 9,891 [9,322 — 10,513]
S S A O & &
& & KRT, post | year $ 6,636 [6,253 — 7,058]

Considering that the receiver operator characteristics are
generally consistent across different methods, the average
cost among a large number of patients in a specific stage
would not be influenced by the selection of the eGFR
calculation method.'””® On the other hand, several
studies raised questions about the use of the Modification
of Diet in Renal Disease method regarding potential
eGFR underestimation, particularly in healthy pop-
ulations or patients with true GFR == 60 mL/min/
1.73 m*.*”*° Considering that an underestimated eGFR
due to the difference between the measured and esti-
mated GFRs may classify a small subset of patients at
a later DKD stage as having a lower grade DKD, our

Figure 1. Results from semi-parametric bootstrap cost estimation and 95% confidence intervals. Summary statistics are per-patient
per-month costs calculated from generalized linear model using Gamma distribution of the data with a log-link function. Bar charts
graphically present the cost estimate and 95% confidence interval from regression and semi-parametric bootstrap. DKD, diabetic

kidney disease; KRT, kidney replacement therapy.
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per-patient cost estimate has a small chance of per-patient
cost over calculation.

Using 2 or more eGFR values as inclusion criteria may
raise concerns about on underestimating patient count by
excluding patients who would have been selected if 1
eGFR record had been implemented, particularly in
identifying patients at a later DKD stage. However, the
benefits of more specific patient identification criteria
outweigh the disadvantage of reduced sensitivity. A
restrictive patient selection ensures the accuracy of the
patient-level burden of DKD care and minimize the
chance of per-patient cost underestimation. All things
considered, taking the cost estimates from our study
would aid in making a conservative decision regarding
the allocation of budget or resources for managing pa-
tients with DKD.

Our study estimates are derived from a larger sample
size and are contemporary in nature compared with other
observational studies. Nevertheless, future studies will
provide better insights into the burden and care cost of
DKD by addressing several key limitations. First, although
the health care costs for patients diagnosed with DKD were
assessed, our study did not employ a corresponding con-
trol group. Introducing a comparable non-DKD cohort will
facilitate a top-down estimate of the incremental cost
burden due to diabetes, kidney function decline, or co-
morbid conditions, separately. Future research should
incorporate this comparative approach to better under-
stand the specific financial impact of diabetes within the
CKD population. Second, this research focused on the US
veteran community only, offering significant insights
about a subgroup with a notable occurrence of DKD.
Though the VHA data enabled a thorough evaluation of
laboratory metrics and extended monitoring, offering a
deeper understanding of this group, the study findings
might not apply to the general public, especially con-
cerning the clinical characteristics and health care costs.
Health care obtained outside the VA health system was not
included, as some might have accessed care via other in-
surance, and sizable proportion of veterans with DK might
look for their care outside of the VA.”' This might have led
to underestimation of the total costs associated with DKD,
if the cost was incurred outside of VA health care net-
works. Regarding the analytic approach, current analysis
did not specifically address the longitudinal changes in the
treatment patterns. Future studies are warranted to address
the limitation by incorporating advanced analytic ap-
proaches and accounting for the crucial factors, including
longitudinal changes in the patient characteristics and
recently advanced medications, such as GLP1RA, SGLT2I or
finerenone. Lastly, it is important to consider general
limitations of retrospective data analysis, such as selection
bias and misclassification.

In conclusion, DKD represents a formidable clinical and
economic burden in the United States. This study, based
on a comprehensive analysis of the Veterans Affairs Na-
tional database, provides a thorough understanding of the

health care resource utilization linked to DKD progression.
Over a million patients across varying DKD stages were
studied, revealing that the majority were in stage 3a. It was
evident that certain health complications, including ane-
mia, gout, and hypertension, became more prevalent in
more advanced DKD stages. Furthermore, there was a
significant racial disparity, with African Americans being
more present in advanced DKD stages. Health care costs,
correspondingly, increased monotonically with higher
DKD stages. The findings of this study could provide
valuable insights for health care providers, policymakers,
and stakeholders in optimizing care and resource allocation
for DKD patients.
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