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Abstract

While chronic kidney disease (CKD) is regularly evaluated among patients with diabetes,

kidney function may be significantly impaired before diabetes is diagnosed. Moreover, dis-

parities in the severity of CKD in such a population are likely. This study evaluated the extent

of CKD in a national cohort of 36,764 US veterans first diagnosed with diabetes between

2003 and 2013 and prior to initiating oral antidiabetic therapy. Evidence of CKD (any stage)

at the time of diabetes diagnosis was determined using eGFR and urine-albumin-creatinine

ratios, the odds of which were assessed using logistic regression controlling for patient char-

acteristics. CKD was evident in 31.6% of veterans prior to being diagnosed with diabetes

(age and gender standardized rates: 241.8 per 1,000 adults [overall] and 247.7 per 1,000

adult males), over half of whom had at least moderate kidney disease (stage 3 or higher).

The odds of CKD tended to increase with age (OR: 1.88; 95% CI: 1.82–1.93), hemoglobin

A1C (OR: 1.05; 95% CI: 1.04–1.06), systolic blood pressure (OR: 1.04; 95% CI: 1.027–

1.043), and BMI (OR: 1.016; 95% CI: 1.011–1.020). Both Asian Americans (OR: 1.53; 95%

CI: 1.15–2.04) and African Americans (OR: 1.11; 95% CI: 1.03–1.20) had higher adjusted

odds of CKD compared to whites, and prevalence was highest in the Upper Midwest and

parts of the Mid-South. Results suggest that evidence of CKD is common among veterans

before a diabetes diagnosis, and certain populations throughout the country, such as minori-

ties, may be afflicted at higher rates.

Introduction

Approximately 10% of the general US population, more than 20 million people, has chronic

kidney disease (CKD), and this condition is especially prevalent among patients with diabetes

mellitus (DM) [1]. Specifically, an estimated one-third of adults with DM has CKD, and DM is

the leading cause of CKD and end stage renal disease (ESRD) [1,2]. Several subgroups of the

population, such as African Americans and Hispanics, experience higher rates or faster
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progression of CKD, and geographical variation in the prevalence of this condition has been

suggested, although data on regional differences remain limited [3–6].

While multiple treatment options exist for patients with CKD, none are able to cure the

patient of this affliction. However, multiple options do exist to delay progression of CKD, par-

ticularly for diabetic kidney disease, but early detection is paramount so that interventions

may be introduced as soon as possible to effectively slow the disease’s progress [7–9]. While

guidelines recommend screening for CKD in at-risk patients, in practice this is applied often

only in patients with established DM [10,11]. Moreover, patients with DM often have one or

more existing comorbid conditions but the extent to which these concomitant diseases may

contribute to CKD is unclear. Better identification of patients who may have underlying or

heightened risk for CKD may assist practitioners in recognizing and properly addressing kid-

ney function among those who may not have otherwise been monitored.

The purpose of this investigation was to evaluate the extent to which CKD is present in

patients prior to being diagnosed with and beginning treatment for DM. Using data from a

nationwide electronic health record system, these analyses will add needed interpretation of

the extent of racial and regional disparities among newly-diagnosed diabetes in whom evi-

dence of CKD exists.

Methods

Study design and data source

This was a retrospective observational study using data from the VA Corporate Data Ware-

house from 2002 through 2014. These data included extracts from the VA Decision Support

System National Data Extracts, Inpatient and Outpatient Medical SAS Datasets (based on

International Classification of Diseases, 9th Revision, Clinical Modification [ICD-9-CM]

codes), and the Vital Status Files. This study was reviewed and approved by institutional

review boards at both the University of Tennessee Health Science Center and the Memphis

VA Medical Center, and the need for consent was waived by these ethics committees.

The current analysis is based on a subset of a larger cohort that included incident cases of

uncomplicated DM among veterans diagnosed between January 1, 2003 and December 31,

2012. In order to be eligible for the overall cohort, patients must have been 18 years and older,

been diagnosed with diabetes (ICD-9-CD codes: 250.00 or 250.02) for the first time (i.e., no

DM diagnostic codes in the year prior to the initial DM diagnosis), been prescribed an oral

antidiabetic drug (OAD) as their first-line therapy for the first time (i.e., no OAD fills in the

year prior to the first DM diagnosis code), and at least one year of data prior to and two years

of data following their initial DM diagnosis. Patients were excluded if they were insulin depen-

dent, had been diagnosed with a diabetes-related micro-vascular complication prior to or in

conjunction with their DM diagnosis (ICD-9 codes listed in S1 Appendix), had been diag-

nosed with HIV at any point in their record, or had been diagnosed with malignant cancer

prior to their initial DM diagnosis. This overall study cohort included 187,349 patients.

To address the objective of this research, the overall cohort was queried for requisite lab val-

ues recorded at visits to a VA facility. Criteria for inclusion at this stage of the analysis was the

recording of two separate albuminuria and creatinine lab results prior to the diagnosis of DM

at least 90 days apart; values closest to the index date (initial DM diagnosis) were used allowing

for a window of 90 days past the index date for a lab value to be considered valid.

Outcomes and covariates

The main outcome of this study was the presence of CKD in veterans prior to or at the time of

their initial DM diagnosis. Evidence of CKD was determined in accordance with guidelines
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where normal kidney function was defined as a UACR�30 and an eGFR�60; CKD was cate-

gorized from stages 1 through, and also based on combinations of the levels of UACR (A1:

<30 mg/g, A2: 30–300 mg/g and A3: >300 mg/g) and eGFR (G1: >90, G2: >60–90, G3:>30–

60 and G4+G5:�30 ml/min/1.73m2) [12]. The odds of any stage of CKD (1–5) were modeled

using patient characteristics within the VA records as predictors. The main covariates of inter-

est were 1) race (White, African American, Asian American, Asian-Pacific Islander, and

Native American) and 2) location of residence, which was defined as five geographic regions

of the country (Northeast, Midwest, South, West, Other [US territories]). Additionally, other

covariates included: age (at DM diagnosis and by 10-year bands), ethnicity (Hispanic or Non-

Hispanic), hemoglobin A1C (as recorded closest to or at the DM diagnosis and by 1.0% incre-

ments), systolic blood pressure (at DM diagnosis and by 5.0 mmHg increments), body mass

index (at DM diagnosis and by 1.0 kg/m2 increments), and the presence of several comorbid

conditions/events included in the Deyo Charlson Comorbidity Index in the year prior to the

initial DM diagnosis (cerebrovascular disease, congestive heart failure, peripheral artery dis-

ease, and myocardial infarction) [13]. Codes used to identify comorbid conditions/events are

listed in the S1 Appendix.

Statistical analyses

Data were described as means (standard deviations), medians (25th-75th percentile), or counts

(percent), as appropriate. Comparisons between categories of CKD stage were made using

one-way ANOVA, correlation analysis, and the Cochran-Armitage test for trend. The adjusted

odds of any stage of CKD (normal versus stages 1–5) were determined using multivariable

logistic regression. To provide population-level estimates, crude prevalence rates were adjusted

using population weights from the 2010 US census, and state-level estimates by race were

derived using the 2011–2015 American Community Survey 5-Year Estimates [14,15]. A for-

ward, step-wise model technique was used to determine the final set of predictors available or

constructed within the patient records. Model fit was determined using Akaike’s information

criterion and the Hosmer-Lemeshow Goodness-of-Fit Test. A sensitivity analysis defining

CKD as stages 3a-5 was also conducted using logistic regression. All statistical tests used a two-

tailed α = 0.05 level of significance and SAS Enterprise Guide version 7.1 (SAS, Cary, NC) was

used for all statistical analyses.

To examine regional variation in CKD prevalence, patient data were categorized by VA

markets, which are subdivisions within each of the 18 Veterans Integrated Service Networks

(VISN) throughout the country. VA markets represent geographic areas sufficiently large to

support a full healthcare delivery system, and this level of analysis allows for assessing patients

whose care is more likely to be similar than at either a state or VISN level. Since the VA mar-

kets in general follow geographic boundaries of the US, this distinction also allows the broader

assessment of CKD prevalence along traditional geographic distribution. ArcGIS version 10.4

(Esri, Redlands, CA) was used to generate the map and a projection using VA markets from

fiscal year 2011 created the boundaries to more accurately reflect the underlying patient data

used [16].

Results

Out of the original cohort of 187,349 veterans, 36,764 remained eligible after considering the

requisite lab values needed for this analysis. Across all patients included, mean eGFR was 78.5

mL/min/1.73 m2 (SD: 18.46) and median UACR was 8.1 mL/min/1.73 m2 (IQR: 4.1–20.7),

and a higher proportion of patients with CKD were on either an angiotensin converting

enzyme (ACE) inhibitor or an angiotensin II receptor blocker (ARB) by the time they were

Evidence of CKD before diabetes diagnosis
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diagnosed with diabetes (p<0.0001). However, most patients with CKD were not on either

therapy, irrespective of stage, and the proportion of patients on an ACE or ARB was markedly

different based on year of diagnosis. Beginning in 2005, at least 31% of all patients (regardless

of whether they had evidence of CKD) were on either therapy, but the proportion of those on

an ACE or ARB remained consistently higher among patients with any stage of CKD, year-

over-year. Table 1 describes the full characteristics of the sample.

Evidence of CKD (at any stage) was observed in 31.6% of veterans by the time they were

diagnosed with DM, and over 16% exhibited at least moderately reduced eGFR (stages 3a-5)

(Fig 1), which is over half of all the cases of CKD identified. Based on the levels of albuminuria

and eGFR (Table 2), an approximately equal proportion of patients with CKD had normal

eGFR level and mildly elevated UACR (stages A2G1 and A2G2: 13.2% of the entire cohort and

42.8% of those with CKD) and mildly decreased eGFR with no albuminuria (stage A1G3:

11.9% of the entire cohort and 38.9% of those with CKD). Relatively few patients had severe

albuminuria (stage A3: 1.6% of the entire cohort and 5.2% of those with CKD) or moderately/

severely decreased eGFR (stages G4+G5: 0.5% of the entire cohort and 1.4% of those with

CKD).

Standardized to the general population by age and sex, the prevalence rate of any stage of

CKD was approximately 241.8 cases per 1,000 people (95% CI: 218.3–265.4). Specific to men

(96% of the sample), the age-adjusted rate was 247.7 per 1,000 people (95% CI: 230.2–265.2).

Among the two largest racial categories, unadjusted values indicated that slightly more White

veterans had evidence of CKD than African American veterans prior to being diagnosed with

diabetes. Among patients with CKD, more advanced stage was moderately related to increased

age (r = 0.48, p<0.0001) while those who self-identified as a racial minority (p<0.0001) were

observed in higher proportions among less severe stages of CKD (Stages 1 or 2 versus 3 or

higher). Additionally, hemoglobin A1C and systolic blood pressure tended to be lower among

those with more advanced CKD (r = -0.18, p<0.0001; r = -0.09, p<0.0001) while the number

of comorbidities tended to slightly increase with more severe CKD (r = 0.08, p<0.0001). No

differences were observed between stages of CKD in terms of patient BMI.

After adjusting for baseline characteristics, the odds of CKD (any stage) tended to increase

with older age (OR: 1.88; 95% CI: 1.82–1.93), higher hemoglobin A1C (OR: 1.05; 95% CI:

1.04–1.06), higher systolic blood pressure (OR: 1.04; 95% CI: 1.027–1.043), and higher BMI

(OR: 1.016; 95% CI: 1.011–1.020). The odds of CKD (Fig 2) were also higher among veterans

with existing diagnoses for cerebrovascular disease (OR: 1.23; 95% CI: 1.11–1.36), congestive

heart failure (OR: 1.87; 95% CI: 1.67–2.10), or peripheral artery disease (OR: 1.35; 95% CI:

1.21–1.51). Significant racial variation in the presence of CKD was also present. Compared to

White veterans, both Asian Americans (OR: 1.53; 95% CI: 1.15–2.04) and African Americans

(OR: 1.11; 95% CI: 1.03–1.20) had higher adjusted odds of any stage of CKD. Results of the

sensitivity analysis were largely similar for all factors except race where the odds of CKD were

no longer statistically higher for Asian or African America veterans (S2 Appendix).

Similarly, regional variation in the odds of CKD were noted. Using the northeastern por-

tion of the country as a reference, all other regions of the United States had a higher odds of

CKD: Midwest (OR: 1.21; 95% CI: 1.12–1.31), South (OR: 1.15; 95% CI: 1.07–1.24), and West

(OR: 1.09; 95% CI: 1.01–1.19). Among the regions, the Midwest had the highest proportion of

its veterans (32.9%) demonstrating CKD, and several pockets of the country exhibited

markedly higher rates of CKD where unadjusted prevalence was at least 30% (Fig 3). Specifi-

cally, the Upper Midwest, Central and South Florida, and a band encompassing a portion of

the Mid-South and North Carolina. Broken down by patient race, the highest prevalence of

White veterans with evidence of CKD (32.7%) was observed in the Midwest while CKD preva-

lence was noticeably higher among Black veterans in the Midwest (27.6%) and South (26.6%).

Evidence of CKD before diabetes diagnosis
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Table 1. Baseline characteristics of incident diabetic patients overall and by CKD stage.

Characteristic Overall

(N = 36,764)

No CKD

(N = 25,521)

Stage 1

(N = 1,837)

Stage 2

(N = 3,362)

Stage 3a

(N = 4,663)

Stage 3b

(N = 1,215)

Stage 4/5

(N = 166)

p-value

Age� mean (SD) 61.5 (10.22) 59.7 (9.53) 55.3 (8.55) 63.6 (9.74) 68.9 (8.86) 72.5 (9.12) 69.9 (11.11) <0.0001

<34 276 (0.7) 230 (0.9) 35 (1.9) 10 (0.3) 0 (0) 1 (0.1) 0 (0)

35–44 1,821 (4.9) 1,486 (5.8) 221 (12.0) 85 (2.5) 21 (0.5) 4 (0.3) 1 (0.6)

45–54 6,527 (17.9) 5,291 (20.7) 509 (27.7) 515 (15.3) 205 (4.4) 38 (3.1) 14 (8.4)

55–64 15,903 (43.3) 11,916 (46.7) 918 (50.0) 1,322 (39.3) 1,483 (31.8) 215 (17.7) 49 (29.5)

65–74 8,320 (22.6) 5,090 (19.9) 143 (7.8) 965 (28.7) 1,675 (35.9) 410 (33.7) 37 (22.3)

74–84 3,555 (9.7) 1,411 (5.5) 11 (0.6) 435 (12.9) 1,182 (25.4) 463 (38.1) 53 (31.9)

85+ 317 (0.9) 94 (0.4) 0 (0) 30 (0.9) 97 (2.1) 84 (6.9) 12 (7.2)

Male 35,287 (95.9) 24,393 (95.6) 1,731 (94.2) 3,274 (97.4) 4,547 (97.5) 1,182 (97.3) 160 (96.4) <0.0001

Race/Ethnicity <0.0001

White 26,001 (70.7) 18,034 (70.7) 1,173 (63.9) 2,350 (69.9) 3,440 (73.8) 886 (72.9) 118 (71.1)

American Indian 285 (0.8) 205 (0.8) 23 (1.3) 27 (0.8) 19 (0.4) 10 (0.8) 1 (0.6)

Asian 262 (0.7) 184 (0.7) 17 (0.9) 26 (0.8) 30 (0.6) 4 (0.3) 1 (0.6)

African American 4,681 (12.7) 3,481 (13.6) 353 (19.2) 420 (12.5) 347 (7.4) 70 (5.8) 10 (6.0)

HPI 344 (0.9) 242 (0.9) 18 (1.0) 33 (1.0) 38 (0.8) 13 (1.1) 0 (0)

Unknown 5,191 (14.1) 3,375 (13.2) 253 (13.8) 506 (15.1) 789 (16.9) 232 (19.1) 36 (21.7)

Ethnicity <0.0001

Hispanic 1,757 (4.8) 1,328 (5.2) 133 (7.2) 127 (3.8) 122 (2.6) 33 (2.7) 14 (8.4)

Non-Hispanic 31,540 (85.8) 21,945 (86.0) 1,530 (83.3) 2,903 (86.3) 4,024 (86.3) 1,009 (83.0) 129 (77.7)

Unknown 3,467 (9.4) 2,248 (8.8) 174 (9.5) 332 (9.9) 517 (11.1) 173 (14.2) 23 (13.9)

Region <0.0001

Northeast 6,040 (16.4) 4,247 (16.6) 252 (13.7) 518 (15.4) 805 (17.3) 198 (16.3) 20 (12.4)

Midwest 10,113 (27.5) 6,778 (26.6) 430 (23.4) 985 (29.3) 1,468 (31.5) 396 (32.6) 56 (33.7)

South 12,302 (33.5) 8,680 (34.0) 710 (38.6) 1,118 (33.3) 1,393 (29.9) 345 (28.4) 56 (33.7)

West 8,144 (22.2) 5,712 (22.4) 434 (23.6) 719 (21.4) 977 (21.0) 271 (22.3) 31 (18.7)

Other/Unknown 164 (0.4) 104 (0.4) 11 (0.6) 22 (0.7) 20 (0.4) 5 (0.4) 3 (1.8)

Hemoglobin A1C� mean (SD) 7.4% (1.37) 7.3 (1.35) 7.9 (1.73) 7.5 (1.46) 7.2 (1.23) 7.1 (1.14) 7.2 (1.32) <0.0001

BMI� median (IQR) 32.2

(28.9–36.3)

32.4

(29.0–36.4)

33.9

(30.1–38.4)

32.5

(29.1–36.6)

31.2

(28.2–34.8)

30.4

(27.5–34.0)

30.6

(27.7–34.7)

0.515

Underweight 220 (0.6) 148 (0.6) 10 (0.5) 25 (0.7) 31 (0.6) 6 (0.5) 0 (0)

Normal 1,877 (5.1) 1,212 (4.8) 77 (4.2) 165 (4.9) 304 (6.5) 110 (9.1) 9 (5.4)

Overweight 10,229 (27.8) 6,906 (27.1) 374 (20.4) 896 (26.7) 1,537 (33.0) 450 (37.0) 66 (39.8)

Obese 24,438 (66.5) 17,255 (67.6) 1,376 (74.9) 2,276 (67.7) 2,791 (59.9) 649 (53.4) 91 (54.8)

Systolic blood pressure 133.6 (16.29) 133.0 (15.55) 137.5 (17.43) 136.8 (17.99) 133.2 (17.33) 134.4 (18.67) 133.6 (18.31) <0.0001

Charlson Comorbidity Index� mean (SD) 0.5 (0.65) 0.4 (0.63) 0.4 (0.61) 0.5 (0.68) 0.6 (0.73) 0.6 (0.71) 0.5 (0.69) <0.0001

Comorbidities�

CVD 2,236 (6.1) 1,349 (5.3) 77 (4.2) 243 (7.2) 426 (9.1) 125 (10.3) 2 (1.2) <0.0001

MI 1,762 (4.8) 1,170 (4.6) 56 (3.0) 164 (4.9) 295 (6.3) 72 (5.9) 1 (0.6) <0.0001

PAD 1,824 (5.0) 1,108 (4.3) 73 (4.0) 195 (5.8) 339 (7.3) 95 (7.8) 1 (0.6) <0.0001

CHF 1,649 (4.5) 861 (3.4) 77 (4.2) 196 (5.8) 366 (7.8) 132 (10.8) 0 (0) <0.0001

COPD 7,273 (19.8) 5,014 (19.7) 389 (21.2) 707 (21.0) 900 (19.3) 235 (19.3) 5 (3.0) 0.165

ACE/ARB† 11,072 (30.1) 7,160 (28.1) 474 (25.8) 1,122 (33.3) 1,790 (38.4) 473 (38.9) 53 (31.9)

eGFR mean (SD) 78.5 (18.46) 84.1 (14.12) 100.6 (9.08) 74.8 (8.42) 53.9 (4.18) 39.6 (3.97) 20.8 (9.84) <0.0001

(Continued)
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Specific to North Carolina, crude prevalence of CKD in White and African American veterans

was 46.9% and 45.3%, respectively. Standardized by age, these equate to approximately 345.6

cases per 1,000 among Whites (95% CI: 239.8–451.4) and 452.5 cases per 1,000 among African

Americans in the state (95% CI: 298.9–606.1).

Discussion

Using data from the nationwide VA electronic health record system, we observed that among

veterans who were eventually diagnosed with DM nearly one-third of them had evidence of

CKD by the time of their initial DM diagnosis. Most of these patients had early stages of CKD

(low grade albuminuria and/or mildly decreased eGFR). Similar to the general US population,

significant racial disparities in the prevalence and severity of CKD were observed when adjust-

ing for multiple patient characteristics. Additionally, some regional variation in CKD preva-

lence was noted, and several areas of the country had a particularly high number of cases.

According to data from the National Health and Nutrition Examination Survey

(NHANES), the prevalence of CKD in patients with DM has been estimated to be 40% or

higher while the rate among the non-diabetic population was estimated to be 11.3% [17,18,

Table 1. (Continued)

Characteristic Overall

(N = 36,764)

No CKD

(N = 25,521)

Stage 1

(N = 1,837)

Stage 2

(N = 3,362)

Stage 3a

(N = 4,663)

Stage 3b

(N = 1,215)

Stage 4/5

(N = 166)

p-value

UACR

median (IQR)
8.1

(4.1–20.7)

6.2

(3.7–11.4)

65.0

(40.3–125.9)

62.6

(39.1–122.4)

10.0

(4.7–26.0)

18.0

(6.6–54.0)

29.8

(8.4–111.0)

<0.0001

Values provided are count (%) unless stated otherwise

Reported p-values references statistical differences (ANOVA or chi-square) between CKD stages

�By the time of DM diagnosis

† Single or combination therapy

HPI = Hawaiian/Pacific Islander; BMI = body mass index; CVD = cerebrovascular disease

MI = myocardial infraction; CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; PAD = peripheral artery disease; ACE = angiotensin-

converting enzyme inhibitor; ARB = angiotensin II receptor blocker; eGFR = estimated glomerular filtration rate; UACR = urine albumin-creatinine ratio

https://doi.org/10.1371/journal.pone.0192712.t001

Fig 1. Prevalence of CKD prior to DM diagnosis.

https://doi.org/10.1371/journal.pone.0192712.g001
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19]. Although our estimate is slightly lower than this it is important to specify that these prior

studies were conducted among patients with previously diagnosed DM- a known contributor

to CKD, and a condition for which regular monitoring of kidney function is guideline-recom-

mended [10]. The high prevalence of CKD in this incident diabetic cohort suggests that kidney

damage could occur before diabetes is diagnosed; either because type 2 diabetes can be undiag-

nosed for a prolonged period of time and could cause organ damage even before a formal clini-

cal diagnosis, or because of kidney damage caused by ancillary comorbid conditions that are

common in this population. The association of CKD with known risk factors for kidney dis-

ease (such as older age, higher BMI, cardiovascular disease and African American race) sug-

gests that among patients with type 2 DM CKD may develop as a result of various causes, and

more specific diagnostic studies (e.g. kidney biopsy) would be needed to accurately differenti-

ate diabetic and non-diabetic etiologies. Such an accurate determination is often not pursued

in clinical practice absent etiology-specific therapeutic interventions, but it may become neces-

sary if and when such therapies become available.

These results also highlight an opportunity for broadening screening efforts among patients

that may be at increased risk for developing CKD, such as patients with high comorbidity bur-

den. Moreover, it raises awareness to the importance of earlier identification of DM to prevent

organ damage. Consequently, broader screening efforts, for both CKD and DM, should be

advocated in order to limit kidney damage, particularly if cardiovascular comorbidities or

other risk factors are known.

The observation that certain groups of patients, namely African American and Asian Amer-

ican veterans, had a higher adjusted odds of CKD reinforce findings from earlier studies dem-

onstrating such a disparity in these populations, both in the general public and specific to

veterans [2,20–23]. However, two key differences from previously published studies emerged.

First, the distribution of disease severity (i.e., CKD stage) among African Americans in this

study differed significantly from previous analyses of both veterans and the general US popula-

tion. Specifically, our results suggested that the proportion of minorities declined as disease

became more severe, which is contradictory to earlier evidence [21,24–26]. Secondly, research

has suggested that Hispanics experience CKD at a rate higher than non-Hispanics in the US,

but our analyses found no influence of this ethnicity on the odds of disease [6,21]. However, it

is important to note that earlier studies have focused, in large part, on estimating differences in

ESRD whereas our analysis assessed predictors of any CKD stage. Additionally, it is possible

Table 2. Study population laboratory values.

Full Study Population (N = 36,764)

UACR (mg/g) eGFR (ml/min/1.73m2)

>90 60–90 30–60 �30

�30 8,944 (24.3) 16,577 (45.1) 4,377 (11.9) 83 (0.2)

30 -�300 1,713 (4.7) 3,106 (8.5) 1,318 (3.6) 60 (0.2)

>300 124 (0.3) 256 (0.7) 183 (0.5) 23 (0.06)

CKD Patients (N = 11,243)

UACR (mg/g) eGFR (ml/min/1.73m2)

>90 60–90 30–60 �30

�30 0 (0) 0 (0) 4,377 (38.9) 83 (0.7)

30 -�300 1,713 (15.2) 3,106 (27.6) 1,318 (11.7) 60 (0.5)

>300 124 (1.1) 256 (2.3) 183 (1.6) 23 (0.2)

Values listed are counts (%)

https://doi.org/10.1371/journal.pone.0192712.t002
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that these differences in findings are due, at least in part, to the point at which disease was

identified. Our analyses focused on identifying CKD prior to a DM diagnosis- a condition

known to advance kidney damage. While evidence suggests that African Americans and His-

panics experience a higher rate of progression of CKD compared to whites, it is possible that

we isolated these patients at a point when disease had yet to significantly progress whereas

other studies were less specific about the point at which CKD was identified in reference to a

DM diagnosis, if one was even eventually given [6,27]. This may also explain the differences in

odds ratios associated with patient race uncovered by the sensitivity analysis when the stage of

disease determining CKD was elevated. Future studies may consider a longitudinal focus on

patients of different races to more precisely identify whether temporality contributes to racial

disparities in the progression to ESRD.

Our analysis also expanded the evidence behind geographic disparities in CKD by identify-

ing sections of the country where prevalence was noticeably higher. Importantly, our study

analyzed CKD prevalence using VA markets, which allowed us to investigate the presence of

disease within regions of patients with more similar healthcare and characteristics-a more

Fig 2. Odds of CKD prior to DM diagnosis. �p<0.05 Total sample in regression = 30,792, Age in 10-year bands, Hb A1C in 0.5% increments,

blood pressure in 5.0 increments, and BMI in 1.0 increments, BMI = body mass index; Hb A1C = Hemoglobin A1C; CVD = cerebrovascular

disease; CHF = congestive heart failure; PAD = peripheral artery disease; MI = myocardial infarction; API = Asian Pacific Islander, Reference

categories: White (Race), Non-Hispanic (Ethnicity), Northeast (Region).

https://doi.org/10.1371/journal.pone.0192712.g002
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granular level than previous, similar assessments [2]. Moreover, we examined the prevalence

of all stages of CKD to gain a better perspective on the entire course of disease rather than

focusing solely on the occurrence of ESRD. The observation that rates of disease were particu-

larly high in the Upper Midwest echo earlier findings where ESRD was particularly prevalent

among African Americans in these states [2]. Additionally, the rates of CKD observed in

North Carolina and parts of Florida reiterate the contention that residents of the southeastern

United States are experiencing particular chronic conditions (e.g., diabetes and hypertension)

at disparate rates [28,29]. However, these findings are in contrast to those reported by Plan-

tinga and colleagues who observed a higher risk of ESRD among African American residents

of the southeastern United States but no clear geographic pattern for other stages of CKD [30].

A variety of mechanisms have been hypothesized to contribute to disparities among

patients with CKD with results consistently identifying lower socioeconomic status as a lead-

ing indicator of increased risk for disease and its progression to ESRD [30–34]. Additionally,

some evidence has pointed to lack of insurance or access to care as being at least a partial con-

tributor to the occurrence of CKD [35,36]; however, education was not independently associ-

ated with an increased risk for developing CKD [30]. While addressing socioeconomic factors

poses a significant challenge, evidence behind the role of providing access, as well as the incor-

poration of population health management approaches, may indicate how disparities may be

mitigated [31,37–39]. Systems like the VA, which ensure access to care for its patients, may be

a good source of evidence in this country to examine whether the gap in CKD disparities can

be narrowed simply by providing evidence-based care. While evidence suggests that significant

CKD-related racial disparities exist in this population (which may be related to biological fac-

tors, including genetics), future studies involving veterans should incorporate deeper, and

Fig 3. Geographic distribution of CKD in patients with incident diabetes.

https://doi.org/10.1371/journal.pone.0192712.g003
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potentially longitudinal, analysis of socioeconomic factors that could be significantly hindering

the efforts of care provided by the VA system [27,40].

This study was limited in several ways. First, only data from the VA’s electronic health

record system were used to provide estimates of disease prevalence; therefore, results may not

be generalizable to the general US or other populations. Secondly, data used were drawn

straight from the electronic record without adjudication; therefore, errors made in the system

while documenting laboratory values could have impacted our analyses. Also, exclusion crite-

ria for the larger associated study that were not related to the current analysis may have intro-

duced selection bias as two years’ worth of follow-up data were required for inclusion to the

overall study cohort, meaning survival over this time period was required. Specific selection

criteria that may limit interpretation includes the excluding of patients initiating diabetes

treatment on insulin as well as those with existing diagnoses for microvascular complications,

which removed patients with more advanced disease who were also potentially more likely to

have some form of CKD. Therefore, our interpretation of the prevalence of CKD in the study

population is likely biased by the fact that the analyzed cohort excluded sicker patients or those

who died prior to meeting eligibility requirements. Additionally, while select cardiovascular

events, such as myocardial infarction, were used as predictors of CKD in this analysis, a com-

plex interrelationship exists between CKD and cardiovascular complications. Consequently, as

these conditions existed simultaneously among the study population, we are not able to com-

ment on the directionality of causation between CKD and the selected outcomes [41,42].

In spite of these limitations, the current study adds insight to the extent of both racial and

regional variations in the prevalence of CKD while calling attention to the magnitude of this

disease among patients prior to being diagnosed with DM. The current analysis suggests that

expanded CKD and DM screening efforts may be necessary among veterans who are minori-

ties, especially if cardiovascular comorbidities are present, in order to control the underlying

kidney damage and narrow the disparities that exist in this population related to kidney dis-

ease, both independent of and in conjunction with DM.
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