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Rationale: With a large number of patients and high mortality, diabetic kidney disease (DKD) imposes a significant burden on US
health care. Although diabetes is the leading cause of chronic kidney disease and complications, the epidemiology of DKD in the
contemporary US veteran population is generally unknown.

Objective: We aimed to estimate the rate of DKD progression and to measure the general epidemiology of DKD in the United States
veteran population.

Study Design: We performed a retrospective observational research using electronic health-care records and administrative
databases.

Setting: The DKD patient cohort was abstracted from the Veterans Health Administration health-record data from January 2016 to
March 2022.

Participants: We defined DKD patients using the laboratory test data based on Kidney Disease: Improving Global Outcomes
(KDIGO) clinical practice guidelines.

Analytic Approach: Summary statistics include the five-year cumulative incidence of progression to an advanced stage from the
DKD stage at the cohort entry date and prevalence at a series of single time points.

Results: A total of 685,288 patients (male [96%], mean age 62 years, Caucasian [64%], non-Hispanic [87%]) met our eligibility
criteria. The 5-year cumulative incidence of progression to an advanced DKD stage or all-cause death from DKD stages G1 A2/A3,
G2 A2/A3, G3a, and G3b were 52.0%, 47.4%, 50.5%, and 60.9%, respectively. In sum, 594,082 patients were classified as moderate or
high risk as per KDIGO guidelines in 2021, and stages G3a and G3b accounted for 51.2% and 25.3%, respectively, of cases.
Conclusion: More than half of DKD patients underwent a stage progression or death within 5 years. A substantial number of DKD
patients at an earlier stage might be left undetermined. The study findings warrant a revision of DKD patient identification and
management in US veterans.
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Introduction

Chronic kidney disease (CKD) is a major public health problem. It affects approximately one in seven US adults, with an
estimated count of 37 million." A recent simulation predicted that CKD prevalence in US adults will increase to 16.7% by
2030.> CKD is characterized by reduced glomerular filtration rate (GFR), typically accompanied by elevated urine albumin
and protein excretion. CKD typically presents with other chronic conditions, causing annual per-person medical care spending
to exceed US$23,000 in 2020. The cost of CKD patient care is more than double the expenses of those without CKD, imposing
a significant burden on the US health-care system.'> Besides the economic burden, the adverse symptoms associated with
CKD progression, including weight gain, swelling, frequent urination, and anemia, impact patients’ daily lives and diminish
their quality of life (QoL).*
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Diabetes is the leading cause of CKD, with one in three adults with diabetes developing CKD, meaning that diabetic
kidney disease (DKD) accounts for 44% of new CKD cases."> Suboptimal glycemic control and other diabetes-related
metabolic abnormalities can damage blood vessels in the nephrons, which irreversibly decreases overall kidney function.®
In addition, a significant proportion of patients with diabetes also develop hypertension and other metabolic disorders,
which can accelerate kidney damage.®’ The number of DKD patients in the US is projected to rise to 55 million by 2030.

Studies show that US veterans suffer from an elevated risk of developing DKD. The proportion of veterans with
kidney disease is around 34% higher than the general population.” The main contributor to DKD among veterans is
obviously the high prevalence of diabetes. A recent analysis demonstrated that veterans are more likely to have type 2
diabetes (T2D), with a prevalence of 25%, which is more than double the proportion of the general population.”'® Of the
various pertinent factors, including herbicide exposure, lack of awareness, or mental disorders, weight gain has been
pointed to as the primary risk associated with both diabetes and kidney disorders.'' '¢ Overweight or obesity accounts for
more than three quarters of veterans seeking health care from the Veterans Health Administration (VHA).'>'® The
increase in the risk of DKD among veterans is also attributable to the higher prevalence of posttraumatic stress disorder
and associated factors.'”"'®

With respect to concurrent conditions and prevalent risk factors, there has been a general consensus that the rate of
progression is faster among US veterans with DKD than that of among DKD populations.'® Nevertheless, contemporary
estimates of DKD prevalence and progression among US veterans are lacking, which creates challenges in understanding
the real-world disease burden of DKD on US veterans. Assessments of the value of new health-care technologies for
DKD patients in the VHA is challenging due to the lack of comprehensive summaries. The purpose of this study was to
summarize the epidemiology of DKD among US veterans. We aimed to provide three key measures: 1) number of
patients at various DKD stages by using current DKD definitions, 2) stage transitions from earlier DKD stages to
advanced stages and chronic dialysis phase, and 3) longitudinal changes in the number of DKD patients in the VHA.

Methods

Study Design and Data Source

This was a historical cohort study that utilized VHA electronic health-record data for the period between January 2015
and March 2022. The VHA is the largest health-care system in the United States, providing care at 1298 health-care
facilities, including 171 VHA medical centers and 1113 outpatient-care sites. The database includes inpatient, outpatient,
pharmacy service records, and laboratory test results of 9 million veterans enrolled in the VHA program. This study did
not involve patient identifiers and was exempt by the University of Utah and VHA institutional review boards.

Eligibility Criteria

Prior to inclusion the DKD cohort, patients needed meet either of the two T2D criteria: two or more outpatient diagnoses
of T2D on two different dates within 365 days, or one outpatient T2D diagnosis with at least one record of non-insulin
antidiabetic medication dispensing no more than 365 days apart. To be eligible for the analysis, the first diagnosis of T2D
had to be before the date presenting with abnormal kidney function with moderate or high risk of progression, as defined
by Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice guidelines.'’

KDIGO classifies DKD based on two criteria: GFR (G1, G2, G3a, G3b, G4, and G5) and albuminuria (A1, A2, and
A3). Each DKD patient falls into one category at the intersection of the two criteria. The categories of both criteria are
ordered, with lower numbers indicating less severe stages of DKD and higher numbers indicating more severe stages.
Patients are considered at moderate or high risk of progression if they either fall into the G3—G5 GFR categories,
regardless of albuminuria or stage G1 or G2 accompanied by A2 or A3 albuminuria.'’

For our study, we included DKD patients at moderate or high risk of progression. We identified these patients if their
estimated GFR (eGFR) values measured on two days 90-365 days apart corresponded to the G3—G5 categories.'” The
index date throughout this study was the cohort entry date, defined as the first of the two dates meeting the eGFR criteria.
Also, G1 and G2 DKD patients were included if they were persistent albuminuria cases (A2 or A3). This was defined by
urinary albumin:creatinine ratio (WACR) >3 mg/mmol or urinary albumin >30 mg/day on two days within 365 days
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besides the eGFR criteria. For patients with missing albuminuria records, we used urinary protein:creatinine ratio (uPCR)
>15 mg/mmol or urinary protein >150 mg/day as an alternative indicator of the kidney damage.

Dialysis and kidney-transplant stage were ascertained using procedure records defined by Logical Observation
Identifiers Names and Codes or procedure description. Receiving two or more dialyses within 90 days was considered
chronic dialysis. Date of kidney transplant was defined as the first date of procedure indicating transplant-recipient status.
Whenever two time points were used to define eligibility, the first of the two was considered the index date for the entire
analysis. We excluded patients who had any of the moderately increased or high-risk abnormal kidney-function criteria
during the 365 days before the index date. Also, patients who were younger than 18 years at the index date were
excluded.

Baseline Characteristics

Baseline characteristics were extracted from the treatment, diagnosis, and laboratory test records spanning 1 year before
the index date. We ascertained demographic information, including age, body mass index (BMI), sex, race, ethnicity, and
smoking status. Also, we captured clinical characteristics and laboratory test results, including systolic blood pressure
(SBP), diastolic blood pressure (DBP), glycated hemoglobin (HbA.), low-density lipoprotein, high-density lipoprotein,
total cholesterol, and triglyceride levels. We additionally reviewed the diagnosis codes and VHA problem lists to identify
comorbid conditions associated with rapid DKD progression. Such conditions included hypertension, dyslipidemia,

malignancy, liver disorder, anemia, gout, connective tissue disorder, and substance abuse.?022

Outcomes

We measured two epidemiological outcomes. First, DKD progression was defined as the composite of DKD stage
transition from the index stage to any of the advanced stages or all-cause death recorded in the VHA data. The second
outcome was the number of DKD patients in the VHA overall and across years. All cases at the end of each year between
2018 and 2021 conditional on the absence of reported death during or prior to the calendar year were captured for the
case count.

Statistical Analysis

We use descriptive statistics to present the number of patients at each DKD stage at the index date and DKD stage
transition. Continuous variables, such as age, BMI, and laboratory values, are summarized using means and standard
deviations. Continuous values are categorized into three or four classes based on the distribution of the features and
clinical risk thresholds. All the categorical variables are summarized using frequencies and percentages of the total
number of eligible subjects, where missing records are grouped into an “unknown” category.

Time to DKD progression from the index stage was analyzed using a Kaplan—Meier product-limit estimator, where
patients were followed up from the index date to the earliest occurrence of DKD progression (the outcome of interest), 5
years post—index date, or the end of the study period (March 2022). Conditional on DKD progression, the proportion of
each of the next DKD stages of all the progressions was calculated. For the case count, we estimated the DKD cases
each year and longitudinal changes in the number of patients across the years. We counted the number of DKD patients at
the end of each calendar year between 2019 and 2021, the most recent 3-year data. The proportion of each stage of
the year-end DKD patient count is presented.

Results

The total number of patients meeting the DKD cohort entry criteria was 685,288 (Table 1). Most DKD patients (78.97%)
entered the cohort once they had reached stages G3a and G3b. The cohort was predominantly male (96.38%), Caucasian
(75.45%), and non-Hispanic (93.68%), and 78.52% of patients were 65 years old or older (Table 1). Clinical character-
istics from the point of care showed elevated cardiovascular risk and metabolic markers, with mean BMI of 32 kg/m?,
HbA |, of 7.44%, and SBP of 136 mmHg. Hypertension and dyslipidemia were the most prevalent comorbidities across
the DKD stages, with respective overall prevalence estimates of 71.71% and 59.58%, respectively (Table 2). The
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Table | Demographics at baseline, n (%)

Stage | Stage 2 Stage 3a Stage 3b Stage 4 Stage 5 Dialysis Transplant
Sex Female 763 (4.13) 2775 (3.08) 17,102 (3.82) 3196 (3.41) 578 (2.69) 135 (2.54) 174 (2.48) 59 (3.61)
Male 17,711 (95.87) | 87,395 (96.92) 430,338 (96.18) 90,527 (96.59) | 20,938 (97.31) | 5177 (97.46) | 6845 (97.52) 1575 (96.39)
Age, years 75+ 1833 (9.92) 17,256 (19.14) 133,421 (29.82) 44211 (47.17) | 9149 (42.52) 1421 (26.75) | 1289 (18.36) 150 (9.18)
65-74.9 7074 (38.29) | 42,857 (47.53) 227,488 (50.84) 36,773 (39.24) | 8751 (40.67) | 2432 (45.78) | 3231 (46.03) 747 (45.72)
45-64.9 8292 (44.88) | 28,252 (31.33) 84,312 (18.84) 12,472 (13.31) | 3512 (16.32) 1430 (26.92) | 2427 (34.58) 674 (41.25)
<45 1275 (6.90) 1805 (2.00) 2219 (0.50) 267 (0.28) 104 (0.48) 29 (0.55) 72 (1.03) 63 (3.86)
Race Caucasian 11,867 (64.24) | 64,625 (71.67) 345,383 (77.19) 73,306 (78.22) | 15,227 (70.77) | 2,699 (50.81) | 3083 (43.92) 855 (52.33)
African American 3998 (21.64) 15,942 (17.68) 66,276 (14.81) 12,692 (13.54) | 4322 (20.09) | 2012 (37.88) | 3193 (45.49) 615 (37.64)
Asian Pacific 530 (2.87) 2503 (2.78) 8562 (1.91) 1937 (2.07) 503 (2.34) 167 (3.14) 233 (3.32) 46 (2.82)
Native American or Alaskan 427 (2.31) 1361 (1.51) 4403 (0.98) 878 (0.94) 240 (1.12) 94 (1.77) 123 (1.75) 21 (1.29)
Unknown 1652 (8.94) 5739 (6.36) 22,816 (5.10) 4910 (5.24) 1224 (5.69) 340 (6.40) 387 (5.51) 97 (5.94)
Ethnicity Non-Hispanic 16,148 (87.41) | 81,682 (90.59) 422,481 (94.42) 88,810 (94.76) | 20,094 (93.39) | 4821 (90.76) | 6432 (91.64) 1,499 (91.74)
Hispanic 2326 (12.59) 8488 (9.41) 24,959 (5.58) 4913 (5.24) 1422 (6.61) 491 (9.24) 587 (8.36) 135 (8.26)
Smoking Current 3195 (17.29) 11,221 (12.44) 47,974 (10.72) 8561 (9.13) 2214 (10.29) 500 (9.41) 969 (13.81) 84 (5.14)
Former 3200 (17.32) | 14,593 (16.18) 87,300 (19.51) 19,780 (21.10) | 4769 (22.16) 1113 (20.95) | 1581 (22.52) 279 (17.07)
Never 10,213 (55.28) | 55,371 (61.41) 250,002 (55.87) 51,853 (55.33) | 11,264 (52.35) | 2821 (53.11) | 3314 (47.21) 1019 (62.36)
Unknown 1866 (10.10) 8985 (9.96) 62,164 (13.89) 13,529 (14.44) | 3269 (15.19) 878 (16.53) | 1155 (16.46) 252 (15.42)
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Table 2 Clinical characteristics, mean (SD)

Stage | Stage 2 Stage 3a Stage 3b Stage 4 Stage 5 Dialysis Transplant
Age, years 62 (10.94) 67 (9.78) 71 (9.05) 74 (9.61) 73 (10.12) 69 (9.52) 67 (9.19) 64 (9.24)
BMI 33 (6.90) 33 (6.49) 32 (6.32) 32 (6.41) 31 (6.53) 30 (6.22) 30 (6.43) 30 (5.48)
HbA . 8.1 (1.90) 7.8 (1.71) 7.4 (1.49) 7.4 (1.53) 7.3 (1.55) 6.9 (1.50) 6.6 (1.51) 7.0 (1.56)
SBP 138 (17.75) 139 (18.50) 135 (19.61) 136 (21.06) 141 (22.75) 142 (24.86) 143 (25.96) 139 (20.66)
DBP 78 (10.81) 77 (10.87) 75 (11.13) 73 (11.56) 73 (12.26) 73 (12.78) 74 (13.29) 76 (11.71)
LDL 89 (36.24) 86 (35.25) 85 (33.74) 84 (33.58) 84 (35.56) 80 (37.25) 76 (35.10) 87 (35.08)
HDL 42 (13.34) 41 (12.12) 41 (12.26) 40 (12.33) 40 (12.88) 41 (13.57) 42 (15.01) 45 (15.73)
Total cholesterol 166 (47.86) 160 (44.70) 157 (41.71) 156 (42.45) 157 (45.77) 152 (46.35) 146 (43.87) 163 (46.30)
Triglyceride 187 (138.19) 184 (126.75) 176 (113.25) 178 (114.17) 177 (118.24) 159 (103.83) 152 (107.90) 167 (116.77)
Conditions Anemia 528 (2.86) 4513 (5.00) 32,586 (7.28) 10,550 (11.26) 4853 (22.56) 1500 (28.24) 3304 (47.07) 285 (17.44)
Connective tissue disease 40 (0.22) 135 (0.15) 1475 (0.33) 389 (0.42) 87 (0.40) 19 (0.36) 32 (0.46) 12 (0.73)
Dyslipidemia 10,583 (57.29) | 55,986 (62.09) 271,557 (60.69) 51,874 (55.35) | 11,597 (53.90) 2465 (46.40) 3634 (51.77) 591 (36.17)
Gout 408 (2.21) 3807 (4.22) 23,677 (5.29) 6941 (7.41) 2162 (10.05) 466 (8.77) 728 (10.37) 122 (7.47)
Hypertension 12,341 (66.80) | 66,106 (73.31) 324,420 (72.51) 64,158 (68.45) | 15,075 (70.06) 3394 (63.89) 5007 (71.33) 947 (57.96)
Liver disease 971 (5.26) 4608 (5.11) 20,194 (4.51) 3246 (3.46) 958 (4.45) 333 (6.27) 839 (11.95) 156 (9.55)
Malignancy 914 (4.95) 6525 (7.24) 41,560 (9.29) 8597 (9.17) 2063 (9.59) 403 (7.59) 741 (10.56) 78 (4.77)
Substance abuse 2112 (11.43) 9596 (10.64) 38,557 (8.62) 5,549 (5.92) 1232 (5.73) 302 (5.69) 790 (11.26) 67 (4.10)
BMI 30+ 11,804 (63.90) | 56,699 (62.88) 259,415 (57.98) 51,214 (54.64) | 11,347 (52.74) 2503 (47.12) 3014 (42.94) 796 (48.71)
25-29.9 4775 (25.85) 24,976 (27.70) 138,583 (30.97) 29,893 (31.90) 6723 (31.25) 1768 (33.28) 2255 (32.13) 550 (33.66)
<25 1865 (10.10) 8409 (9.33) 48,959 (10.94) 12,433 (13.27) 3386 (15.74) 1026 (19.31) 1734 (24.70) 285 (17.44)
Unknown 30 (0.16) 86 (0.10) 483 (0.11) 183 (0.20) 60 (0.28) 15 (0.28) 16 (0.23) 3(0.18)
(Continued)
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Table 2 (Continued).

Stage | Stage 2 Stage 3a Stage 3b Stage 4 Stage 5 Dialysis Transplant
HbA,. 28% 6499 (35.18) 26,707 (29.62) 96,190 (21.50) 19,755 (21.08) 4290 (19.94) 691 (13.01) 800 (11.40) 237 (14.50)
27%-7.99% 3577 (19.36) 20,142 (22.34) 96,801 (21.63) 18,747 (20.00) 4065 (18.89) 725 (13.65) 832 (11.85) 222 (13.59)
<7% 4709 (25.49) 27,448 (30.44) 173,140 (38.70) 31,254 (33.35) 7557 (35.12) 2093 (39.40) 3471 (49.45) 610 (37.33)
Unknown 3689 (19.97) 15,873 (17.60) 81,309 (18.17) 23,967 (25.57) 5604 (26.05) 1803 (33.94) 1916 (27.30) 565 (34.58)
SBP 2140 mmHg 7622 (41.26) 38,305 (42.48) 164,910 (36.86) 36,969 (39.44) | 10,381 (48.25) 2612 (49.17) 3693 (52.61) 761 (46.57)
120-139 mmHg 7637 (41.34) 35,905 (39.82) 179,263 (40.06) 34,636 (36.96) 6951 (32.31) 1580 (29.74) 1914 (27.27) 574 (35.13)
<120 mmHg 2100 (11.37) 10,819 (12.00) 87,705 (19.60) 18,334 (19.56) 3381 (15.71) 892 (16.79) 1286 (18.32) 249 (15.24)
Unknown 1115 (6.04) 5141 (5.70) 15,562 (3.48) 3784 (4.04) 803 (3.73) 228 (4.29) 126 (1.80) 50 (3.06)
DBP 290 mmHg 2323 (12.57) 9946 (11.03) 37,552 (8.39) 6596 (7.04) 1851 (8.60) 458 (8.62) 810 (11.54) 185 (11.32)
80-89.9 mmHg 5621 (30.43) 24,707 (27.40) 101,920 (22.78) 17,314 (18.47) 3966 (18.43) 976 (18.37) 1413 (20.13) 430 (26.32)
<80 mmHg 9415 (50.96) 50,376 (55.87) 292,406 (65.35) 66,029 (70.45) | 14,896 (69.23) 3650 (68.71) 4670 (66.53) 969 (59.30)
Unknown 1115 (6.04) 5141 (5.70) 15,562 (3.48) 3784 (4.04) 803 (3.73) 228 (4.29) 126 (1.80) 50 (3.06)
LDL =200 122 (0.66) 452 (0.50) 2234 (0.50) 538 (0.57) 176 (0.82) 42 (0.79) 38 (0.54) 14 (0.86)
150-199.9 895 (4.84) 3204 (3.55) 15,080 (3.37) 3068 (3.27) 747 (3.47) 173 (3.26) 129 (1.84) 45 (2.75)
<150 14,000 (75.78) | 62,414 (69.22) 343,783 (76.83) 73,395 (78.31) | 16,425 (76.34) 3996 (75.23) 4,562 (65.00) 1088 (66.59)
Unknown 3457 (18.71) 24,100 (26.73) 86,343 (19.30) 16,722 (17.84) 4168 (19.37) 1101 (20.73) 2290 (32.63) 487 (29.80)
HDL <40 7338 (39.72) 34,510 (38.27) 192,372 (42.99) 43,492 (46.40) | 10,110 (46.99) 2295 (43.20) 2454 (34.96) 499 (30.54)
40-59.9 6408 (34.69) 27,076 (30.03) 145,341 (32.48) 28,739 (30.66) 6079 (28.25) 1512 (28.46) 1794 (25.56) 499 (30.54)
260 1346 (7.29) 4707 (5.22) 24,150 (5.40) 4842 (5.17) 1205 (5.60) 401 (7.55) 521 (7.42) 156 (9.55)
Unknown 3382 (18.31) 23,877 (26.48) 85,577 (19.13) 16,650 (17.77) 4122 (19.16) 1104 (20.78) 2250 (32.06) 480 (29.38)
Total cholesterol =240 1049 (5.68) 3485 (3.86) 15,143 (3.38) 3344 (3.57) 900 (4.18) 193 (3.63) 163 (2.32) 62 (3.79)
200-239.9 1,967 (0.65) 7274 (8.07) 34,831 (7.78) 6972 (7.44) 1689 (7.85) 383 (7.21) 338 (4.82) 142 (8.69)
<200 12,096 (65.48) | 55,645 (61.71) 312,625 (69.87) 66,971 (71.46) | 14,879 (69.15) 3644 (68.60) 4349 (61.96) 968 (59.24)
Unknown 3362 (18.20) 23,766 (26.36) 84,841 (18.96) 16,436 (17.54) 4048 (18.81) 1092 (20.56) 2169 (30.90) 462 (28.27)
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O% ..
0 365 730 1095 1460 1825 0 365 730 1095 1460 1825
Number of days after the cohort entry (index date) Number of days after the cohort entry (index date)
—Index G1A2/A3 Index G2A2/A3 Index G3a e+« Index G3b —Index G4 Index G5 Chronic Dialysis  ««Kidney Transplant
Day(s) 365 730 1095 1460 1825

Stage G1 15.96% 26.41% 36.65% 44.88% 51.99%

Stage G2 11.93% 23:.53% 33.66% 41.47% 47.41%

Stage G3a 14.25% 26.11% 35.96% 43.85% 50.49%

Index Stage Stage G3b 16.71% 31.51% 43.63% 52.85% 60.86%

Stage G4 23.08% 44.25% 58.91% 69.29% 76.89%

Stage G5 43.59% 63.92% 75.39% 82.90% 88.27%

Chronic Dialysis 20.67% 37.80% 51.91% 63.64% 72.86%

Kidney Transplant 1.65% 5.93% 10.75% 18.49% 30.01%

Figure | Cumulative incidence of progression, including transition to advanced DKD stage or death.

prevalence of anemia increased with later stages of DKD, with the prevalence among G5 patients of 28.2% compared to
2.9% among Gl patients (A2 or A3; Table 2).

The cumulative incidence of DKD-stage transition or death is summarized in Figure 1. The respective 5-year
cumulative incidence of progression to an advanced DKD stage or all-cause death from DKD stages G1, G2, G3a,
and G3b was 52.0%, 47.4%, 50.5%, and 60.9%. Overall, 11.9%-16.7% of G1-G3b patients experienced DKD progres-
sion within a year from the index date. Among G5 patients, the cumulative incidence of transition to chronic dialysis,
kidney transplant, or death was 43.6% at year 1 and 88.3% at year 5 (Figure 1).

Stage transitions were gradual and to the next stage in general. For example, 69.93% of progression from G1 A2/A3
was transition to G2 A2/A3, and 63% of progression from G3a was transition to G3b. The data showed a gradual
increase in the proportion of deathsout of all transitions with higher DKD stage. From G1 A2/A3, 19.6% of any
progression within 5 years was death, while all-cause death accounted for 53.4% of any transitions from G4 (Table 3).

Table 3 Proportion of observed next stage conditional on DKD progression or death

Index DKD stage

Stage | | Stage 2 | Stage 3a | Stage 3b | Stage 4 | Stage 5 | Dialysis
Stage 2 69.93%
Stage 3a 9.03% 71.6%
Stage 3b I.11% 4.1% 63.0%
Stage 4 0.25% 0.5% 1.6% 49.2%
Stage 5 0.03% 0.1% 0.1% 0.4% 36.9%
Dialysis 0.03% 0.1% 0.1% 0.3% 8.3% 56.9%
Transplant | 0.04% 0.2% 0.2% 0.4% 1.4% 3.5% 14.2%
Death 19.6% 23.5% 35.0% 49.8% 53.4% 39.6% 85.8%
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Figure 2 DKD prevalence at single time points.

Across a series of single time points, the number of patients with DKD was approximately 600,000 over the calendar
years, with respective numbers of patients alive at the end of 2020 and 2021 of 603,397 and 594,082. Stages G1 A2/A3,
G2 A2/A3, G3a, and G3b accounted for 1.8%, 10.8%, 51.2%, and 25.3% of cases, respectively, at the end of 2021.
Although the number of cases varied yearly, the proportion of DKD patients at each stage of the total year-end DKD

count was generally consistent (Figure 2).

Discussion
This is the first comprehensive description of DKD among US veterans using statistics of the incidence of stage progression
and DKD case count. Using recorded measures of decline in kidney function and kidney damage, we included approximately
700,000 patients into an analytic cohort over the 6 years of the observational period. Most of the DKD cases were not classified
with DKD until they reached stage G3a after a 1-year baseline period free from indicators of kidney damage or decline in
kidney function. Of those classified as having moderate-risk or high-risk DKD in the US veterans,'® 47%-61% progressed to
an advanced stage or died within 5 years. This comes to 13%—19% of the annual figure for DKD stage progression or death,
exceeding the anticipated rate of stage progression on a controlled decline in kidney function.”* *°

Veterans with DKD had a moderate increase in the risk of cardiovascular complications. The moderate escalation in
blood pressure translated into more than two thirds of patients having a diagnosis of hypertension at baseline, with 38.7%
of the overall cohort being classified as having stage 2 hypertension.”® Approximately three of five veterans with DKD
had a BMI >30 kg/m? which is greater than the prevalence of this condition in the overall veteran population.'® The
proportion of patients with a diagnosis of dyslipidemia is similar to the prevalence in veterans without DKD.?”-*® Despite
veterans generally being considered to carry more concurrent chronic conditions than the general US population, such
a moderate increase in risk among veterans with DKD does not exceed that in commercially insured DKD patients.***
Whether the risk profiles from our analysis indicate that the VHA DKD population is generally healthier than the
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commercially insured population when developing DKD or VHA patients suffering from concurrent conditions were left-
censored withincreased mortality should be further analyzed in future research.

Early detection of DKD is important, since intervention in the conservative phase is likely to be more effective in preventing
further complications.’! For example, renin—angiotensin system blockers are most effective in slowing kidney damage in patients
with diabetes when prescribed in the early stages.** Clinical practice has also acknowledged the benefits of recently advanced
nephroprotective antidiabetic agents, as the acceptance of SGLT2-inhibitor use is rapidly increasing for patients with stage G1 or
G2 DKD.*® To allocate patients to a proper treatment plan as early as possible, major clinical communities and associations,
including the American Diabetes Association, KDIGO, and the National Kidney Foundation, have recommended annual
measurement of kidney function to identify and monitor diabetic nephropathy for T2D patients.'*~**>

Despite the importance of managing early-stage DKD, a sizable number of DKD cases might be determined only once it has
become symptomatic. Using the 1-year baseline period, which corresponds to the recommended annual interval, we found that
around four of five DKD cases at greater-than-minimal risk were determined once their kidney function criteria had met the stage
G3a criteria. This is probably due to a lack of regular follow-up with albuminuria or proteinuria testing, while eGFR testing is
obtained from almost all diabetes patients.**>® For example, our post hoc analysis of patient characteristics found that 72.7% of
the patients with eGFR <90 (G2 criteria) did not have follow-up uACR or uPCR testing within 365 days of the eGFR record,
which ruled a significant proportion of stage G2 patients out from our study. The low rate of uACR/uPCR utilization aligns with

the rate of albuminuria testing, consistently lower than 50% in various US health-care settings,***°

and specifically matched with
a recent real-world data analysis, where only 23.2% of albuminuria cases were determined among hypertensive or diabetic
persons at risk of CKD.*' Our research cohort, dominated by patients who had already advanced to or beyond stage G3a, also
matches a recent analysis of administrative claims from the commercially insured population, where stages G3a and G3b
accounted for 77% of all newly recognized DKD cases.*® Diagnosis of DKD after a considerable decline in kidney function must
be addressed in order to maximize the benefits of advanced treatment options in the overall DKD cohort.

Besides the underutilized albuminuria testing, our data suggest practice gaps in identifying rapid DKD progressions in
terms of patient follow-up intervals. For example, of the patients entering the cohort with observed DKD G1 A2 or A3, more
than 10% progressed to stage G3a or above before their eGFR decline was captured at stage G2. Similarly, more than 5% of the
observed DKD progressions from stage G2 A2 or A3 were not a transition through stage G3a. The lifetime benefits of early
detection and proper nephroprotective agent use would be greater in patients with such accelerated DKD progression whose
eGFR decline exceeds 5 mL/min/1.73 m* within a year or 10 mL/min/1.73 m? within 5 years.** To close the gap, health-care
systems need to evaluate strategies to assess the risk of progressive renal decline.****

We employed the entire VHA database to calculate DKD epidemiology, which represents the most significant strength of our
study. Previous studies performed in the VHA setting analyzed a regional cohort or a panel of DKD patients to estimate
prevalence, with inherent limitations in understanding the full scope of DKD in the entire health-care system due to variations
across facilities."®*° Given that figures for the prevalence of comorbidities among CKD patients is available from multiple
retrospective analyses, we may also approximate the overall epidemiology of DKD among veterans.***® Nevertheless, such
calculations could be debatable in terms of accuracy in reflecting the temporal sequence of diabetes and nephropathy, with limited
ability to reflect the longitudinal changes in population size. Based on the number of beneficiaries and the cases that we
determined, DKD currently influences approximately 65—70 per 1000 veterans, which is more than a quarter of veterans with
T2D. When the calculation is limited to a narrower CKD definition upon eGFR criteria before progression to end-stage renal
disease (15-60 mL/min/1.73 m?),*”*® DKD affects 56 out of each 1000 US veterans. This estimate is about double the DKD
prevalence in the general US population.*’

Besides inclusion of the entire DKD population from the VHA, our study provides contemporary estimates of the prevalence
of DKD and DKD progression rates in the VHA system. This quantitative summary can be valuable for understanding the disease
burden on the VHA system and support health- technology value assessment, DKD-related health programs, and economic
evaluations. Nonetheless, our study has several limitations. First, our definition of DKD required multiple time points for
ascertainment and the follow-up started from the earliest of the two points. This might have introduced selection bias to the
analysis by excluding those who had their eGFR calculated on only one occasion and died later. Similarly, due to the study design,
no patients died between the two time points, which could make our mortality estimates biased downwards. Second, although we
used a 1-year retrospective period to ascertain the DKD incidence, it is possible that patients received care outside the VHA before
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the index date, which could entail that DKD cases were misclassified as new cases. Third, almost half of our cohort were above 65
years old and could be entitled to receive Medicare benefits, which increased the chance of missing laboratory results and health-
service records. Finally, general limitations of the retrospective design, including but not being limited to miscoding, missing
observations, and limited generalizability, should be considered when interpreting the study findings.

Conclusion

Using recent data from the VHA, we quantitatively summarized longitudinal changes in the prevalence and rapid progression of
DKD among US veterans. With the anticipated rise in the number of patients with diabetes and other comorbidities, DKD will
pose significant clinical and economic challenges for the VHA to address. More exploratory research into treatment, diagnosis,
and screening strategies is warranted to mitigate the prevalence of various DKD risk factors among US veterans. Furthermore,
our findings underscore the need for innovations in health-care delivery so as to intervene at early DKD stages to delay
progression into advanced stages, which can subsequently reduce the clinical and economic burden of DKD among US veterans.
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