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Abstract
Background The successful implementation of interventions targeted to improve kidney health requires early
identification of CKD which involves screening at-risk populations as well as recognizing CKD. We aim to
determine CKD screening and recognition rates, factors associatedwith these rates, and evaluate the effect of CKD
awareness on delivery of care.

MethodsA retrospective cohort study of veterans enrolled with Veterans Integrated Service Network 17 who had
hypertension (HTN) and/or diabetes (DM) and were seen at least twice in primary care clinics within 18 months.
The final cohort of 270,170 patients (52%HTN, 5%DM, and 44% both) was examined for serum creatinine/eGFR,
urine protein/albumin, International Classification of Diseases (ICD) codes for CKD, and nephrology referral.
CKD was defined as eGFR,60 ml/min per 1.73 m2 and/or urine albumin-creatinine ratio (uACR).30 mg/g at
least twice 90 days apart. Clinical covariates, HTN control, and prescription rates of renal prudent medications
and nonsteroidal anti-inflammatory drugs (NSAIDs) were assessed.

Results Overall, 254,831 (94%) patients had either eGFR, urine protein/albumin, or both. However, screening for
protein/albuminuria was low (56%), particularly in patients with isolated HTN (35%). Of 254,831 patients, 92,900
(36%) had laboratory evidence of CKD and, of these, 40,586 (44%) were recognized to have CKD by ICD code
and/or nephrology referral. CKD due to presence of uACR criteria alone had the lowest recognition (19%) as
compared with CKD due to eGFR criteria (44%) or both (67%). Frequency of emergency room visits, hospi-
talization, and cardiac and endovascular procedures requiring contrast had the highest odds and races other than
white had the lower odds of screening. In contrast, CKD recognition was high in races other than white and
increased with worsening eGFR and increasing uACR. In screened and recognized CKD, prescription was higher
for angiotensin inhibitors, statins, and diuretics, and was lower for NSAIDs.

Conclusions Although overall CKD screening rate was high, screening of protein/albuminuria in isolated HTN
and overall recognition of CKDwas low in at-risk veterans. Increased recognition was associatedwith a favorable
prescription rate for renal prudent medications.
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Introduction
CKD is a significant public health problem that af-
fects approximately 14% of the adult United States
population and results in considerable morbidities and
health care costs (1). The recent Presidential Executive
Orders reflect this issue and emphasize prevention of
CKD progression rather than end stage treatments (2).
A series of interventions have been suggested, among
which are optimization of blood pressure (BP) control,
angiotensin converting enzyme inhibitor/angiotensin
receptor blocker (ACEI/ARB) in persons with diabetes
(DM) and proteinuria, intensive management of car-
diovascular disease (CVD) risk, and avoidance of neph-
rotoxins, to improve CKD outcomes; however, these
interventions are successful when implemented early
in CKD (3,4). Identification of early stage CKD involves
screening high-risk populations as well as recognizing

CKD. CKD screening has been recommended by Kidney
Disease Improving Global Outcomes (KDIGO), De-
partment of Veterans Affairs (VA), and Department
of Defense (DOD) clinical practice guidelines in high-
risk populations including patients with DM, hyper-
tension (HTN), CVD, systemic illnesses such as HIV or
lupus, history of AKI, and racial/ethnic groups with
increased risk, e.g., those who are black, Hispanic, and
Native American (5). In early CKD, the above men-
tioned interventions significantly reduce risk of ESKD,
stroke, and all-cause mortality (3,4).
The Veterans Health Administration (VHA) is uniquely

situated to address these objectives with a number of
effective approaches already in use for prevention and
chronic-illness care such as a robust electronic medical
record system, clinical practice guidelines, perfor-
mance measures (such as screening for albuminuria
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in persons with DM), and primary care population man-
agement. Of all patients with CKD, 95% are in the early
stages and are cared for in primary care clinics (5). Data has
been emerging on screening rates in primary care; however,
it is limited to either populations with DM or HTN, or
includes serum creatinine or albuminuria alone (6). In ad-
dition to screening, recognition of CKD by health care
providers is also essential for optimal delivery of interven-
tions to improve outcomes in CKD. Recently, cross-sectional
observational studies have highlighted the low prevalence
of recognition of CKD in patients with laboratory evidence
of CKD (by eGFR) in primary care clinics (7,8). Similar to
screening, previous studies have not taken albuminuria into
account as a marker for CKD or were restricted to a diabetic
population while evaluating recognition (9–11).
In brief, guidelines have recommended early identifica-

tion of CKD in high-risk patients which involves both
screening and recognition of CKD by providers for optimal
delivery of care; however, it is largely unknown what the
actual practice is in large health care organizations such as
the VA health care system. We analyzed Veteran Integrated
Service Network 17 (VISN 17) data to evaluate the CKD
screening and recognition rate in at-risk veterans (those with
HTN, DM, or both) enrolled in VA health care system
primary care clinics. We also evaluated factors associated
with screening and recognition, and whether screening and
recognition of CKD have any effect on HTN control; pre-
scription of ACEI/ARB, diuretics, and statins; and avoid-
ance of nephrotoxins. The data from this analysis will inform
the barriers to delivery of optimal CKD care and illuminate
whether recognition changes behavior and thus may help
develop actionable interventions.

Materials and Methods
In a retrospective cohort design, we queried the VHA

Corporate Data Warehouse (CDW) to develop the study
population, covariates, and patient outcomes. We examined
CKD screening and recognition rates along with factors
associated with them. The study was approved as exempt
by the institutional review board.

Study Population
The initial sample consisted of 752,613 patients who vis-

ited one of the outpatient clinics in VHA VISN 17 at least
twice, 90 days apart, andwithin 18months between October
1, 2012 and September 30, 2019. Our goal was to derive
a study cohort who is seen regularly in primary care clinics.
Figure 1 outlines the data extraction steps. Because the
presence of DM and HTN are the two major risk factors
for CKD and have unambiguous diagnostic codes in patient
charts, we used these two conditions to define the at-risk
population. Patients were counted if the diagnosis of HTN
or DM by International Classification of Diseases, Ninth
Revision (ICD-9) or ICD-10 codes (Supplemental Table 1)
appeared on the Problem List as of 2018 (i.e., at least 1 year
before the end of the study period), or if the diagnosis was
assigned to at least two visits that occurred within VISN 17
during October 1, 2012 to September 30, 2019 or in the three
previous years (October 1, 2009 to September 30, 2012). The
additional 3 years were included because it was presumed
that a large percentage of the target population would have

been diagnosed before the study period. Each qualifying
member was assigned a cohort entry date, the later of (1) the
earliest primary care visit within VISN 17, or (2) the earliest
date of diagnosis with either HTN or DM. If both of those
dates were before September 30, 2012, then the qualifying
member was considered an “existing patient” and assigned
a cohort entry date of October 1, 2012.

Assessment of eGFR, Urine Protein/Albumin, CKD, and
Other Covariates

CKD Screening
We examined the CDW for either (1) at least one measure-
ment of serum creatinine, whether or not converted to an
eGFR; or (2) at least one measurement of protein in urine,
reported as urinary albumin-creatinine ratio (uACR), protein-
creatinine ratio, or 24-hour urinalysis for protein. Labora-
tory results considered were those from 1 year before cohort
entry date until the end of the study period, on the assump-
tion that the provider would consider a year’s worth of
previous tests in deciding whether or not to screen the
patient for CKD. Samples collected during an inpatient stay
or in association with an emergency room (ER) visit were
excluded to avoid possible confounding with AKI. If no
laboratory screening tests were found, the patient was cat-
egorized as “no CKD screening.”

CKD Recognition
If at least two consecutive eGFR or uACR values over
a 90 day period (or longer) were ,60 ml/min per 1.73 m2

or .30 mg/g, respectively, the patient was counted as pos-
itive for CKD by serum creatinine/eGFR or uACR, respec-
tively. Patients were then categorized as “positive by both
tests,” “positive by eGFR only,” “positive by uACR only,”
“negative by all available tests,” “follow-up lacking” (if a pos-
itive value did not have a follow-up laboratory test to con-
firm/refute), or “decisive test results not available” (if no
serum creatinine was converted to eGFR and if none of the
available urine tests included uACR). In a parallel process,
the CDW was queried for assigned ICD-9 or ICD-10 codes
that indicated CKD diagnosis including hypertensive CKD
anddiabetic CKD (Supplemental Table 1). If at least one of the
codes was listed in the ProblemList, or at least two outpatient
visits had one of the codes between October 1, 2009 and
September 30, 2019, the patient was considered to be recog-
nized with CKD. Referral to a nephrologist within VISN 17
(either in a VA setting or in a community setting) was also
considered recognition of CKD.

Demographics
Age, sex, and ethnicity/race were obtained for each patient.
Age was calculated based on the date of cohort entry. The
value of ethnicity/race was determined in accordance with
current recommendations of the National Veterans Health
Equity Report (12).

Assessment of Predictive Factors
The CDW was queried to create variables that might be
associated with ordering of screening tests and recognition
of CKD in those with laboratory evidence of CKD.
Comorbidities. The comorbidities of CVD, peripheral ar-

terial disease (PAD), stroke, and tumor (either malignant or
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benign, because the initial work up of any mass/tumor
would require serum chemistry) were determined by iden-
tifying ICD-9 and -10 codes (Supplemental Table 1). Patients
were counted if a diagnosis was assigned to at least two
visits during the years of interest or appeared on the Prob-
lem List no later than September 30, 2019.
Clinic Visits. The number of primary care visits, specialty

care visits (cardiology, endocrinology, rheumatology, or gen-
eral surgery clinics), and ER visits plus hospitalizations that
occurred between the cohort entry date and the last outpa-
tient visit date were identified through the use of “clinic stop
codes” which are used to identify specific functions of the
visit. To limit counting of repeat primary care visits (such as
BP checks or tuberculosis tests), only one visit with a primary
care stop code within a 7-day period was counted.
Elective Procedures. The numbers of elective procedures

requiring contrast administration were identified by Cur-
rent Procedural Terminology (CPT) codes (Supplemental

Table 1) and were counted if they occurred between the
years of interest. These procedures were categorized into
radiologic (computed tomography scans and interventional
procedures), cardiac (heart catheterization and percutane-
ous coronary intervention), and endovascular (peripheral
angiography, venography, and percutaneous interventions)
procedures. The rates of clinic visits or elective procedures
were calculated by dividing the total number of visits or
procedures by the number of years between cohort entry
and last visit date.
HTN Control. All BPs for patients with HTN were col-

lected beginning 1 year after the HTN diagnosis date (or
from the cohort entry date, whichever was later), through
February 29, 2020, except for BP measured during an in-
patient stay or an ER visit. If there were more than one BP
measurements on a given day, the lowest value of systolic
and diastolic pressures on that day were selected. The median
values of all collected systolic and diastolic pressures were

Measurement of eGFR or protein in the urine
Yes→ N=254,831 (94.3%) 

Unique outpatients in VISN17
(10/1/2012-09/30/2019)

N=752,613 

Seen in same primary care clinic at least twice
within 18 months and 90 days apart

Yes→ N=484,527  
268,086 excluded

Diagnosis of hypertension or diabetes or both
Yes→ N=312,439

172, 088 excluded

CKD by lab evidence eGFR<60 ml/min
and/or uACR >30 mg/g at least twice
90 days apart, N= 92,900 (36.5%)

CKD ICD-9/10 Code and/or
Nephrology Referral
N=40,586 (43.7%) 

No CKD Recognition

N=52,314 (56.3%)

No

No

At least one year in cohort between cohort entry
and last visit, and without exclusion for: ESRD, >30
days as rehab or Nursing Home Resident or death

Yes→ N=270,170 (THE STUDY COHORT)  

42,269 excluded
No

Not screened 

N=15,339 (5.7%)

No

Decisive results not
available,  

N= 20,296 (8%)

No confirmed lab evidence
of CKD, lacks follow-up

N= 12,101 (4.7%)

Confirmed No CKD,
normal tests

N= 129,534 (50.8%) 

Figure 1. | The flow of the study population from identification of the study cohort to status of screening tests done, to who had laboratory
evidence of CKD, to who were recognized to have CKD. ICD-9/10, International Classification of Diseases, Ninth and Tenth Revision; lab,
laboratory; uACR, urinary albumin-creatinine ratio; VISN 17, Veteran Integrated Service Network 17.
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used to assess control. HTN control was categorized into
three groups: ,130/80 mm Hg, 130–140/80–90 mm Hg,
and .140/90 mm Hg.
Prescriptions. CDW was queried to determine the pre-

scription status of ACEI/ARBs, diuretics, statin, and non-
steroidal anti-inflammatory drugs (NSAIDs) for each of the
patients in the study groups. Patients were counted if there
was a record of having been prescribed these medications at
least once between the time of cohort entry and the last
visit date.

Statistical Analyses
Means with SDs and percentages were used to summarize

continuous and categoric measures, respectively. Tests of sig-
nificance were run to detect differences in the variables
across the CKD screening and recognition status, using a level
of significance of 0.001. However, it is acknowledged that with
such a large data set even clinically insignificant differences
can achieve statistical significance, therefore, we emphasized
the differences where these were clinically meaningful. For
univariate analysis, the chi-squared test for homogeneity was
used to detect statistical differences in proportions for cate-
goric variables and the t test was used to detect statistical
differences in means for continuous variables.
Logistic regression was used to assess the multivariate

association of variables with the CKD screening and recog-
nition status. The logistic regression models were set up to
predict a status of “screened” using all members of the
cohort, and a status of “recognized” using all members with
laboratory evidence of CKD. Reference values used for
categoric variables were a white, male patient, with both
DM and HTN but without any of the other comorbidities,
with negative results for eGFR and uACR, and no prescrip-
tion for any of the medications. The reference value for age
was 18 years, and for clinic visits and elective procedures
was “zero.” The odds ratios (ORs) for age are for a unit
change of 1 year, and are a unit change of 1 per year for visits
or procedures. A level of significance of 0.01 was used to
create 99% confidence intervals for ORs. All statistical anal-
ysis was conducted using the SAS/STAT program version
9.4 (SAS Institute, Cary, NC).

Results
Overall Study Cohort
We identified 270,170 unique patients who were seen

regularly in primary care clinics and were at risk of de-
veloping CKD either due to presence of HTN (n5140,266;
52%) or DM (n512,295; 5%), or both (n5 117,609; 44%).
Figure 1 describes the flow of the study population from
identification of the study cohort to status of screening tests
done, to who had laboratory evidence of CKD, to who were
recognized to have CKD. Table 1 demonstrates the charac-
teristics of these different stages of the population. The
pertinent findings are described in this section under the
respective headings.

CKD Screening
As shown in Figure 1, 254,831 (94%) patients had CKD

screening tests (eGFR, urine protein/albumin, or both) in
the chart. On examination of data from the different time
periods, the frequency of screening tests did not change over

time (Table 1). Figure 2A shows the individual CKD screen-
ing tests in these patients by DM, HTN, or both. Overall,
149,903 (56%) patients had both serum and urine screening
tests. Urine protein measurements were present in 56% of
patients’ charts. This rate was worse in isolated HTN (35%)
compared with DM (75%) or both conditions (80%). Table 2
describes the characteristics of the patients by the presence
or absence of screening tests. Patients who were Hispanic,
American Indian/Pacific Islander, Asian, and those with
unknown race were less likely to be screened. Patients who
had screening tests were more likely to have comorbid-
ities such as stroke, CVD, and tumors, and had a higher
frequency of specialist visits, ER visits, hospitalization, and
elective procedures.

Laboratory Evidence of CKD
Of the 254,831 patients who had any screening proce-

dures done, 92,900 (37%) had laboratory evidence of CKD
either by low eGFR, high uACR, or both tests. Figure 2B
shows that the majority of patients had CKD based on eGFR
,60 ml/min per 1.73 m2 criteria (73%) as compared with
uACR .30 mg/g (13%) or both (14%). In patients with
isolated HTN, 94% had CKD based on eGFR ,60 ml/min
per 1.73 m2 criteria as compared with 68% with DM, reflect-
ing a lower rate of uACR testing in isolated HTN. Supple-
mental Table 2 displays the comparisons between those who
were diagnosed for CKD by uACR alone, eGFR alone,
or both.

CKD Recognition
Of the patients with laboratory evidence of CKD, 40,586

(44%) were recognized as having CKD either by ICD codes
or nephrology referral (Figure 1). Of these, 7341 patients had
both ICD code and referral, 1710 had nephrology referral
only, and the rest had ICD codes only. On examination of
the different time periods, the rate of CKD recognition was
slightly lower in later time periods (Table 1). Table 2 de-
scribes the characteristics of the patients who had labora-
tory evidence of CKD by recognition status. The median
(interquartile range) eGFR was lower (39 [29.9–46.2] versus
51 [45.0–55.0] ml/min per 1.73 m2) and uACR was higher
(132.1 [65.7–326.8] versus 78.5 [48–156.3] mg/g) in patients
with recognized CKD compared with those with unrecog-
nized CKD. Patients with advanced CKD (eGFR,45 ml/min,
66% versus 20%) and severe albuminuria (uACR.300 mg/g,
7% versus 3%) were more likely to have recognized CKD.
Notably, 20% of patients who had advanced CKD (eGFR
,45 ml/min) were not recognized.
When comparing CKD recognition in patients with CKD

either due to eGFR ,60 ml/min per 1.73 m2 or uACR
.30 mg/g criteria, there was increased likelihood to be rec-
ognized if CKD was due to both eGFR and uACR criteria
(67%) versus eGFR alone (44%) or uACRalone (19%) (Figure 2C).
Supplemental Table 2 displays comparisons between those
who were versus those who were not recognized by cate-
gories of CKD by eGFR only, uACR only, or both.

HTN, DM Control, and Renal Prudent Medications
Overall, in the total cohort, 29% had well controlled BP

,130/80 mm Hg and 13% had BP .140/90 mm Hg (Ta-
ble 1). The BP control rates were not different by CKD
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Table 1. Characteristics of total population and by CKD screening, evidence, and recognition status

Characteristics Total
(N5270,170)

Screened for CKD
(N5254,831; 94%)

Laboratory Evidence of
CKD (N592,900; 37%)

Recognized as CKD
(N540,586; 44%)

Existing patients on
October 1, 2012, n (%)

171,089 (63%) 160,987 (94%) 70,478 (44%) 31,616 (45%)

Entered cohort between
October 2012 and
September 2014, n (%)

37,249 (14%) 35,359 (95%) 10,121 (29%) 4006 (40%)

Entered cohort between
October 2014 and
September 2016, n (%)

33,886 (13%) 31,977 (94%) 7453 (23%) 2984 (40%)

Entered cohort between
October 2016 and
September 2018, n (%)

27,946 (10%) 26,508 (95%) 4848 (18%) 1980 (41%)

Age, mean6SD 62.1613.3 62.1613.2 67.5611.3 68.3611.0
Male, n (%) 253,094 (94%) 238,582 (94%) 88,514 (95%) 39,270 (97%)
Race, n (%)
Non-Hispanic white 145,620 (54%) 140,998 (97%) 54,302 (39%) 2,2961 (42%)
Non-Hispanic black 47,414 (18%) 46,013 (97%) 16,823 (37%) 7395 (44%)
Hispanic 44,362 (16%) 39,137 (88%) 11,206 (29%) 5564 (50%)
Asian 1121 (0.4%) 1032 (92%) 211 (20%) 99 (47%)
American Indian/

Pacific Islander
4095 (2%) 3552 (87%) 1278 (36%) 609 (48%)

Multirace 1859 (0.7%) 1811 (97%) 648 (36%) 294 (45%)
Unknown 25,699 (10%) 22,288 (87%) 8432 (38%) 3664 (44%)

BMI, mean6SD 30.766.1 30.766.1 30.566.1 30.666.1
eGFR, n (%)
Not available 47,993 (18%) 32,654 (68%) 1757 (5%)a 233 (13%)a

.60 ml/min 123,640 (46%) 123,640 (100%) 8321 (7%)a 1547(19%)a

,60 ml/min but not
confirmed

17,292 (6%) 17,292 (100%) 1577 (9%)a 387 (25%)a

45–60 ml/min 44,055 (16%) 44,055 (100%) 44,055 (100%) 11,603 (26%)
30–45 ml/min 26,297 (10%) 26,297 (100%) 26,297 (100%) 17,184 (65%)
,30 ml/min 10,893 (4%) 10,893 (100%) 10,893 (100%) 9632 (88%)

uACR, n (%)
Not available 144,514 (54%) 129,175 (89%) 36,808 (50%) 14,841 (40%)
,30 mg/g 84,054 (31%) 84,054 (100%) 23,418 (28%) 10,152 (43%)
.30 mg/g, but not

confirmed
16,601 (6%) 16,601 (100%) 7673 (46%) 4543 (59%)

30–300 mg/g 20,415 (8%) 20,415 (100%) 20,415 (100%) 8068 (40%)
.300 mg/g 4586 (2%) 4586 (100%) 4586 (100%) 2982 (65%)

Comorbidities, n (%)
Diabetes w/o

hypertension
12,295 (5%) 11,329 (92%) 2109 (19%) 595 (28%)

Hypertension w/o
diabetes

140,266 (52%) 132,040 (94%) 37,774 (29%) 14,541 (39%)

Both diabetes and
hypertension

117,609 (44%) 111,462 (95%) 53,017 (48%) 25,450 (48%)

Cardiovascular disease 122,293 (45%) 116,361 (95%) 56,042 (48%) 27,047 (48%)
Peripheral arterial

disease
26,701 (10%) 25,232 (95%) 13,927 (55%) 7803 (56%)

Stroke 34,192 (13%) 32,739 (96%) 17,192 (53%) 8747 (51%)
Tumor 118,718 (44%) 113,267 (95%) 48,499 (43%) 22,192 (46%)

Primary care visits per
year, mean6SD

4.0962.62 4.0962.64 4.4662.80 4.8062.98

Specialty care visits per
year, mean6SD

0.5761.39 0.5861.42 0.8161.76 0.9962.05

ER visit and
hospitalization per year,
mean6SD

0.5361.40 0.5661.43 0.7161.60 0.8761.83

Elective procedures, n/yr,
mean6SD

Radiologic 0.5861.74 0.6161.78 0.71762.06 0.5761.76
Endovascular 0.05160.43 0.05460.44 0.09160.58 0.12060.71
Cardiac 0.05660.36 0.05960.37 0.09860.51 0.12360.61

Median BP value, n (%)
Not diagnosed with

HTN
12,295 (5%) 11,329 (92%) 2109 (19%) 595 (28%)

Not available 2720 (1%) 2291 (84%) 348 (15%) 135 (38%)
,130/80 mm Hg 77,947 (29%) 73,528 (94%) 29,340 (40%) 12,678 (43%)
130–140/80–90 mm Hg 142,746 (53%) 135,050 (95%) 48,044 (36%) 20,661 (43%)
.140/90 mmHg 34,462 (13%) 32,633 (95%) 13,059 (40%) 6517 (50%)
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screening status; however, more patients with recognized
CKD had BP .140/90 mm Hg (16% versus 13%) (Table 2).
ACEI/ARBs, statin, and diuretics were prescribed in 64%,
68%, and 48% of the total cohort, respectively (Table 1).
Patients with screening tests and recognized CKD were
more likely to be on these medications as compared with
unscreened and unrecognized patients with CKD (Table 2).
NSAIDs were prescribed less frequently in screened (51%
versus 56%) and recognized (38% versus 48%) CKD versus
unscreened and unrecognized groups (Table 2). Supplemen-
tal Table 2 describes the prescription of ACEI/ARB, diu-
retics, statin, and NSAIDs in recognized patients versus
those who were not, by categories of CKD by eGFR only,
uACR only, or both.

Multivariate Association between Predictors and CKD
Screening and Recognition
Table 3 describes the multivariable regression analysis.

Higher frequency of ER visits and hospitalizations (OR,
222.4; 99% CI, 166.54 to 304.2), cardiology (OR, 9.48; 99%
CI, 4.02 to 22.3) and endovascular (OR, 9.44; 99% CI, 3.36 to
26.53) procedures associated most strongly with higher
screening. Hispanic, Asian, Native American, and unknown
race; history of DM or HTN alone as compared to both;
PAD; and diuretic prescription were associated with re-
duced screening. For CKD recognition, all races associated
with higher recognition compared with white race. The
odds of recognition increased with worsening eGFR and
uACR. Similar to screening, patients with DM or HTN alone
as compared with both were less likely to be recognized,
whereas those with CVD, PAD, tumor, ACEI/ARB, and
statin prescription were more likely to be recognized. In-
terestingly, frequency of ER visits and hospitalization had
a very small association with recognition (OR, 1.03; 99% CI,
1.02 to 1.05; P,0.001) in contrast to screening. Surprisingly,
NSAID prescription associated with lower odds for screen-
ing (OR, 0.64; 99% CI, 0.6 to 0.67) and recognition (OR, 0.77;
99% CI, 0.74 to 0.81).

Discussion
Our findings have important clinical implications that

can provide a platform for designing interventions to im-
prove the delivery of care to patients at risk for CKD. In VISN

17 primary care clinics, the overall CKD screening rate in
patients with DM andHTNwas high (94%); however, rate of
screening for protein/albuminuria was low (56%), particu-
larly in isolated HTN (35%). More strikingly, CKD recogni-
tion was low (44%). This rate increased with the severity of
the CKD; however, substantial numbers of patients with
advancedCKDwere still unrecognized. The level of BP control
was similar irrespective of CKD screening and recognition;
however, ACEI/ARB, diuretics, and statin prescription
rates were higher, and NSAID prescription was lower in
patients with screened and recognized CKD as compared
with the unscreened cohort and unrecognized CKD.
Previous studies have reported process measures in

patients with CKD such as rate of ACEI/ARB prescription,
BP control, or urine albumin or parathyroid hormone testing
(13). However, optimal delivery of care first necessitates
timely screening and early recognition of CKD. Lee et al. (6)
reported uACR testing in 35% of patients with isolated HTN
within a year of diagnosis in adult primary care patients. We
found a similar rate but we describe CKD screening by both
eGFR and uACR in patients with both HTN and DM. The
screening rate for CKD by eGFR was high in VISN 17;
however, the low rate of protein/albuminuria screening
in isolated HTN was likely driven by the lack of VA per-
formance measures for such screening. Of note, VA has
performance measures and clinical reminders for screening
for urine albumin in patients with DM. Moreover, although
VA/DOD guidelines clearly recommend albuminuria test-
ing in individuals with isolated HTN, the American College
of Physicians’ recommendations for screening in at-risk
populations are vague without particular mention of iso-
lated HTN, resulting in uncertainty and confusion for this
patient population. In addition, many primary care clini-
cians remain skeptical with the concept of early CKD and
find this area of patient management of debatable benefit
because adequate HTN and DM control is recommended
irrespective of presence of CKD, and that CKD status does
not change this management. However, we argue that di-
agnosis of CKD, particularly the presence of albuminuria,
changes the treatment approach and prognosis. For exam-
ple, KDIGO recommends a BP goal of ,130/80 mm Hg in
the presence of uACR .30 mg/g as compared with ,140/
90 mm Hg in patients with CKD who do not have albu-
minuria (14). Of note, the latest American College of

Table 1. (Continued)

Characteristics Total
(N5270,170)

Screened for CKD
(N5254,831; 94%)

Laboratory Evidence of
CKD (N592,900; 37%)

Recognized as CKD
(N540,586; 44%)

Medications, n (%)
ACEI/ARB 171,813 (64%) 162,498 (95%) 66,266 (41%) 30,028 (45%)
Diuretics 129,377 (48%) 122,629 (95%) 54,591 (45%) 26,029 (48%)
Statin 183,984 (68%) 174,210 (95%) 71,467 (41%) 32,359 (45%)
NSAIDs 138,333 (51%) 129,710 (94%) 40,681 (31%) 15,433 (38%)

The percentages are calculatedwith the denominator from the preceding column in this row, e.g., the “Total” column is the denominator
for “Screened for CKD.”However, for the column labeled "Total", the denominator is the cohort total (270,170), and for sex percentage
in each column, the denominator is total of that column in the top row. BMI, body mass index; uACR, urinary albumin-creatinine ratio;
w/o, without; ER, emergency room; HTN, hypertension; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor
blocker; NSAIDs, nonsteroidal anti-inflammatory drugs.
aThese individuals’ CKD diagnosis is based on proteinuria alone.
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Figure 2. | The screening for protein/albuminuria was low, particularly in patients with HTN only and recognition for CKD was very low in
patients with CKD due to uACR criteria irrespective of presence of DM or HTN or both. (A) Percentage of patients with diabetes (DM),
hypertension (HTN), or both who had screening tests in the chart. (B) Percentage of patients with DM, HTN, or both who had laboratory
evidence of CKD by either eGFR, uACR, or both criteria. (C) Within each criterion of CKD, green box represents the percentage of patients who
were recognized to have CKD.
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Table 2. Comparisons of patient characteristics between CKD screening versus not and CKD recognition versus not

Characteristics

Screening Recognition

Screened
(N5254,831; 94%)

Not Screened
(N515,339; 6%)

Recognized
(N540,586; 44%)

Not Recognized
(N552,314; 56%)

Existing patients at start of October
2012, n (%)a

160,987 (94%) 10,102 (6%) 31,616 (45%) 38,862 (55%)

Entered cohort in October 2012 to
September 2014, n (%)a

35,359 (95%) 1890 (5%) 4006 (40%) 6115 (60%)

Entered cohort in October 2014 to
September 2016, n (%)a

31,977 (94%) 1909 (6%) 2984 (40%) 4469 (60%)

Entered cohort in October 2016 to
September 2018, n (%)a

26,508 (95%) 1438 (5%) 1980 (41%) 2868 (59%)

Age, mean6SD 62.1 (13.2) 61.7 (14.0) 68.3 (11.0) 66.9 (11.4)
Male, n (%) 238,582 (94%) 14,511 (95%) 39,270 (97%) 49,244 (94%)
Race, n (%)
Non-Hispanic white 140,998 (55%) 4622 (30%) 22,961 (57%) 31,341 (60%)
Non-Hispanic black 46,013 (18%) 1401 (9%) 7395 (18%) 9428 (18%)
Hispanic 39,137 (15%) 5225 (34%) 5564 (14%) 5642 (11%)
Asian 1032 (0.4%) 89 (0.6%) 99 (0.2%) 112 (0.2%)
American Indian/Pacific Islander 3552 (1%) 543 (4%) 609 (2%) 669 (1%)
Multirace 1811 (0.7%) 48 (0.3%) 3664 (9%) 4768 (9%)
Unknown 22,288 (9%) 3411 (22%) 294 (0.7%) 354 (0.7%)

BMI, mean (SD) 30.7 (6.1) 30.4 (5.7) 30.6 (6.1) 30.4 (6.0)
eGFRml/min per 1.73 m2, median (IQR) 39 (29.9–46.2) 51 (45.0–55.0)
Not available, n (%) 32,654 (13%) 15,339 (100%) 233 (0.6%) 1524 (3%)
.60 ml/min, n (%) 123,640 (49%) 0 1547 (4%) 6774 (13%)
,60 ml/min but not confirmed, n (%) 17,292 (7%) 0 387 (1%) 1190 (2%)
45–60 ml/min, n (%) 44,055 (17%) 0 11,603 (29%) 32,452 (62%)
30–45 ml/min, n (%) 26,297 (10%) 0 17,184 (42%) 9113 (17%)
,30 ml/min, n (%) 10,893 (4%) 0 9632 (24%) 1261 (2%)

uACR in mg/g, median (IQR) 132 (65.7–326.8) 78.5 (48–156.3)
Not available, n (%) 129,175 (51%) 15,339 (100%) 14,841 (37%) 21,967 (42%)
,30 mg/g, n (%) 84,054 (33%) 0 10,152 (25%) 13,266 (25%)
.30 mg/g but not confirmed, n (%) 16,601 (7%) 0 4543 (11%) 3130 (6%)
30–300 mg/g, n (%) 20,415 (8%) 0 8068 (20%) 12,347 (24%)
.300 mg/g, n (%) 4586 (2%) 0 2982 (7%) 1604 (3%)

Comorbidities, n (%)
Diabetes w/o hypertension 11,329 (5%) 966 (6%) 595 (2%) 1514 (3%)
Hypertension w/o diabetes 132,040 (52%) 8226 (54%) 14,541 (36%) 23,233 (44%)
Both diabetes and hypertension 111,462 (44%) 6147 (40%) 25,450 (63%) 27,567 (53%)
Cardiovascular disease 116,361 (46%) 5932 (39%) 27,047 (67%) 28,995 (52%)
Peripheral arterial disease 25,232 (10%) 1469 (10%) 7803 (19%) 6124 (12%)
Stroke 32,739 (13%) 1453 (10%) 8747 (22%) 8445 (16%)
Tumor 113,267 (44%) 5451 (36%) 22,192 (55%) 26,307 (50%)

Primary care visits per year, mean6SD 4.09 (2.64) 3.97 (2.33) 4.80 (2.98) 4.19 (2.62)
Specialty care visits per year, mean6SD 0.58 (1.42) 0.33 (0.85) 0.99 (2.05) 0.66 (1.48)
ER visit and hospitalization per year,
mean6SD

0.56 (1.43) 0.015 (0.20) 0.87 (1.83) 0.59 (1.37)

Elective procedures, n/yr, mean6SD
Radiologic 0.61 (1.78) 0.16 (0.55) 0.57 (1.76) 0.83 (2.26)
Endovascular 0.054 (0.44) 0.0004 (0.02) 0.120 (0.71) 0.069 (0.46)
Cardiac 0.059 (0.37) 0.0006 (0.02) 0.123 (0.61) 0.078 (0.41)

Median BP value, n (%)
Not diagnosed with HTN 11,329 (4%) 966 (6%) 595 (2%) 1514 (3%)
Not available 2291 (0.9%) 429 (3%) 135 (0.3%) 213 (0.4%)
,130/80 mm Hg 73,528 (29%) 4419 (29%) 12,678 (31%) 16,662 (32%)
130–140/80–90 mm Hg 135050 (53%) 7696 (50%) 20,661 (51%) 27,383 (52%)
.140/90 mm Hg 32,633 (13%) 1829 (12%) 6517 (16%) 6542 (13%)

Medications, n (%)
ACEI/ARB 162,498 (64%) 9315 (61%) 30,028 (74%) 36,238 (69%)
Diuretics 122,629 (48%) 6748 (44%) 26,029 (64%) 28,562 (55%)
Statin 174,210 (68%) 9774 (64%) 32,359 (80%) 39,108 (75%)
NSAIDs 129,710 (51%) 8623 (56%) 15,433 (38%) 25,248 (48%)

All the comparisons in this table have a P value ,0.001, except PAD in screening group (P50.19) and BMI in CKD recognition
(P50.013). BMI, body mass index; IQR, interquartile range; uACR, urinary albumin-creatinine ratio; w/o, without; ER, emergency
room; HTN, hypertension; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker; NSAIDs, nonsteroidal
anti-inflammatory drugs; PAD, peripheral artery disease.
aThe percentages for the cohort groups are based on the total for that group fromTable 1. The rest of the percentages (rowswithout a) are
calculated with N from the column as the denominator.
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Cardiology guidelines recommends goal BP ,130/80 mm
Hg for CKD irrespective of albuminuria (15). Albuminuria
has consistently been shown to be the major predictor of
uncontrolled HTN and worse cardiovascular outcomes in
several study populations (16,17). In our study, we also
observed higher rates of severe albuminuria (uACR .300
mg/g) in patients with uncontrolled HTN (data not shown).
Much has been learned about the benefits of reduction of
albuminuria on the outcome of CKD over the last two
decades in patients with or without DM (3,4). In addition
to HTN control, other albuminuria-reduction strategies in-
clude dietary salt reduction, use of ACEI/ARBs, and diu-
retics (14,18,19). However, for these interventions to be
implemented, albuminuria needs to be identified in at-
risk patients early (3,4). In our study, 65% of patients with
HTN did not have testing for protein/albuminuria. Further
studies are required to determine the reasons for this gap
between guidelines and implementation.
A recent methodologic study reported that documenta-

tion of ICD diagnostic codes is a relatively good surrogate
for primary care physician awareness (7). In a recent cross-
sectional observational study, only 47% of patients with
laboratory evidence of CKD in primary care had a CKD
diagnosis in their chart (7). Several other publications have
examined CKD awareness in primary care settings and
reported rates ranging from 12% to 38% (8,9,11,20). Con-
sistent with these prior studies in the primary care practices,
we found low awareness (44%) of CKD in VISN 17. How-
ever, most of the prior studies considered only eGFR with-
out including uACR as the criteria for CKD diagnosis,
resulting in a lower denominator, and the study by Roth-
berg et al. (9) was limited to the elderly. Szczech et al. (10)
examined CKD screening and diagnosis by both eGFR and
uACR and recognition at the same time in primary care
practices; however, they included patients with DM only
and used only one-time eGFR and uACR values to define
CKD instead of the recommended two values over 3
months, thus inflating the denominator. We are the first
to present CKD screening and diagnosis with both eGFR
and uACR and simultaneous recognition data in high-risk
veterans with both DM and HTN. We found that many of
those unrecognized patients had CKD based on moderately
high albuminuria (.30 mg/gm) with eGFR .60 ml/min,
suggesting either lack of knowledge of isolated albuminuria
as a diagnosis of CKD or lag in practice change because the
emphasis on albuminuria as a diagnostic and prognostic
tool has been recent (21). However, lack of recognition of
20% patients with advanced CKD (eGFR ,45 ml/min) is
concerning.
For the first time, we report factors associatedwith screen-

ing and awareness of CKD. The most striking finding that
patients with higher ER visits, hospitalization, and elective
procedures were at the highest odds of having eGFR and
uACR in the chart suggests that these tests were not per-
formed with the intention of screening, but instead were
secondary as a result of follow-up and the requirement to
check renal function peri-procedure. This higher screening
rate with the higher ER visits, hospitalization, and elective
procedures did not convert into higher recognition rates,
which again suggests these tests were not ordered as screen-
ing tests for CKD itself. Of note, in this analysis, we excluded
laboratory results obtained during ER visit or hospital

admissions. Another striking finding was the lower screen-
ing tests in races (except for black race) other than white;
however, there was higher recognition in all of the races
other than white. Higher recognition might reflect the
knowledge of the providers of higher prevalence of CKD
in races other than white or more advanced severity of CKD
in these groups at time of recognition. In univariate analysis,
the recognition rate was higher in the existent cohort com-
pared with the later three cohorts, likely because of longer
disease burden and perhaps more severe disease; therefore,
in logistic regression analysis after adjustment for multiple
other variates, particularly the worst eGFR and uACR, the
patients in the later cohorts appeared to have higher instead
of lower odds of recognition. Higher rates in patients with
comorbidities and DM and HTN together versus DM or
HTN alone suggests that more disease burden triggers
CKD screening and recognition. Positive associations of
ACEI/ARB and statin prescription with higher recognition
likely suggests that providers using these medications are
aware of the CKD recommendations. Lower screening in
patients prescribed diuretics is counterintuitive because
diuretic prescription should instigate serum chemistry
checkup. Similarly, the finding of lower odds of screening
and recognition in patients with NSAID prescription is
perplexing. NSAID prescriptions imply patients who are
suffering from pain and perhaps, during these types of
interactions, providers may not have enough time to ad-
dress preventive chronic health issues or may attribute
decreased eGFR to NSAIDs rather than labeling it CKD.
Data collection directly from providers and patients will be
necessary to understand the prescription pattern in the face
of CKD.
It is important to determine if CKD screening and recog-

nition enhance the care process before the strained providers
are tasked with an additional item. We found that screening
and recognition of CKD was not associated with better BP
control. Nonetheless, in accordance with prior studies, we
found more patients with uncontrolled HTN had high al-
buminuria (data not shown). Presumably, as stated above,
increased screening for albuminuria and recognition of its
presence may offer opportunities to emphasize delivery of
risk reduction strategies. ACEI/ARBs are one of the primary
risk-reduction strategies for CKD with albuminuria and the
prescription of these medications was 3% higher in screened
and 5% higher in recognized patients with CKD. Studies are
needed to determine whether increased recognition of al-
buminuria escalates risk-reduction strategies and improves
HTN and CKD outcomes. Furthermore, screened and rec-
ognized patients with CKD had a 4% and 10% higher di-
uretic prescription rate, respectively. Diuretics are the main-
stay for the difficult to control HTN in patients with CKD
because the impaired natriuresis is the fundamental path-
ogenetic mechanism of HTN in CKD (14,22). In an uncon-
trolled HTN setting, recognition of CKD may increase the
prescription of diuretics and help achieve target BP goals. In
our study, overall statin prescription rates were high and
were even higher in screened and recognized patients with
CKD. Moreover, NSAID prescription rates were lower in
patients that were screened and recognized with CKD by
providers, suggesting that increased CKD screening and
awareness may likely optimize the prescription of renal
prudent medications.

912 KIDNEY360



The current study has several limitations. Many popula-
tions are at risk for CKD; however, we included only patients
with DM and HTN because these two populations incorpo-
rate .80% of patients with CKD and have unambiguous
diagnostic codes in patient charts. Second, we assessed
screening rate based on the eGFR and urine reporting in
the VA-CDW; some patients might have had these screening
tests performed outside the VA health system. Nonetheless,

we assume that including patients seen at least twice within
18 months excludes many of those patients. Third, the med-
ication data captures only the VA prescriptions; however, we
assume that our inclusion criteria might have excludedmany
of those patients who obtain prescriptions from outside VA.
Fourth, we examined only the prescription rates of medica-
tions to gauge the providers’ engagement in patient care, not
the prescription filling and adherence to treatment and thus

Table 3. Logistic regression analysis with CKD screening and recognition as the outcome variables

Parameters
CKD Screening CKD Recognition

Odds Ratio (99% CI) P Value Odds Ratio (99% CI) P Value

Age (ref: 18 yr)a 1.00 (0.99 to 1.003) 0.05 0.99 (0.99 to 0.99) ,0.001
Sex, female versus male 1.02 (0.92 to 1.13) 0.66 0.52 (0.47 to 0.57) ,0.001
Cohort entry (ref: before October 1,

2012)b

October 1, 2012 to September 30,
2014

1.02 (0.95 to 1.09) 0.5

October 1, 2014 to September 30,
2016

1.10 (1.02 to 1.19) 0.0008

October 1, 2016 to September 30,
2018

1.17 (1.07 to 1.28) ,0.001

Race
Unknown versus white 0.23 (0.22 to 0.25) ,0.001 1.12 (1.04 to 1.20) ,0.001
Black versus white 0.96 (0.89 to 1.05) 0.25 1.13 (1.07 to 1.19) ,0.001
Asian versus white 0.45 (0.34 to 0.60) ,0.001 1.60 (1.06 to 2.40) 0.003
American Indian versus white 0.21 (0.19 to 0.24) ,0.001 1.28 (1.08 to 1.52) 0.0002
Hispanic versus white 0.28 (0.27 to 0.30) ,0.001 1.50 (1.41 to 1.60) ,0.001

eGFR >60 ml/min (reference) Not applicable
Not available 0.75 (0.61 to 0.91) 0.0001
45–60 ml/min 2.90 (2.64 to 3.20) ,0.001
30–45 ml/min 14.32 (12.98 to 15.8) ,0.001
,30 ml/min 49.99 (44.27 to 56.45) ,0.001

uACR <30 mg/g (reference) Not applicable
Not available 0.79 (0.75 to 0.83) ,0.001
30–300 mg/g 1.33 (1.24 to 1.43) ,0.001
.300 mg/g 2.19 (1.95 to 2.45) ,0.001

Comorbidities
DM (ref: both HTN and DM) 0.87 (0.83 to 0.91) ,0.001 0.63 (0.54 to 0.73) ,0.001
HTN (ref: both HTN and DM) 0.78 (0.70 to 0.87) ,0.001 0.90 (0.86 to 0.95) ,0.001
CVD (ref: no CVD) 1.01 (0.96 to 1.06) 0.58 1.09 (1.04 to 1.14) ,0.001
PAD (ref: no PAD) 0.78 (0.72 to 0.85) ,0.001 1.29 (1.21 to 1.37) ,0.001
Stroke (ref: no stroke) 1.06 (0.98 to 1.15) 0.05 1.05 (0.99 to 1.11) 0.011
Tumor (ref: no tumor) 1.06 (1.01 to 1.11) 0.001 1.13 (1.08 to 1.18) ,0.001

Visits (ref: no visit)c

Primary care visits 0.99 (0.98 to 0.99) ,0.001 1.04 (1.03 to 1.04) ,0.001
Specialty care visits 0.91 (0.89 to 0.94) ,0.001 1.00 (0.98 to 1.01) 0.8
ER visit and hospitalization 222.37 (162.5 to 304.2) ,0.001 1.03 (1.02 to 1.05) ,0.001

Elective procedures (ref: no procedure)a

Radiologic 1.18 (1.14 to 1.23) ,0.001 0.91 (0.90 to 0.93) ,0.001
Endovascular 9.44 (3.36 to 26.53) ,0.001 0.98 (0.94 to 1.02) 0.1
Cardiac 9.48 (4.02 to 22.32) ,0.001 0.97 (0.93 to 1.01) 0.07

Medications (ref: no medication)
ACEI/ARB 1.01 (0.96 to 1.07) 0.58 1.06 (1.01 to 1.12) 0.002
Diuretics 0.91 (0.87 to 0.96) ,0.001 0.99 (0.95 to 1.04) 0.72
NSAIDs 0.64 (0.6 to 0.67) ,0.001 0.77 (0.74 to 0.81) ,0.001
Statin 1.11 (1.06 to 1.17) ,0.001 1.1 (1.04 to 1.16) ,0.001

An odds ratio of ,1 in this analysis means that the category, compared with the reference group, is less likely to be screened or
recognized. An odds ratio of.1means the category is more likely to get screened than the reference category, e.g., those not on diuretics
are less likely to get screened than those on diuretics. Ref, reference; uACR, urinary albumin-creatinine ratio; DM, diabetes; HTN,
hypertension; CVD, cardiovascular disease; PAD, peripheral artery disease; ER, emergency room; ACEI/ARB, angiotensin-converting
enzyme inhibitor/angiotensin receptor blocker; NSAIDs, nonsteroidal anti-inflammatory drugs.
aOdds ratio is for a unit change of 1 yr.
bThere was no time trend for screening in univariate analysis, so not included in the regression analysis.
cOdds ratio is for a unit change of 1/year.
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this data cannot be used to ascertain association of medica-
tionswith BP control or any other outcome. Last but not least,
an electronic medical record–based, retrospective design pre-
cludes identification of other factors that are related to pa-
tients’ and providers’ knowledge and perception and would
require additional primary data collections such as surveys,
interviews, or direct observations.
For the first time, we report rate of CKD screening with

both eGFR and uACR and simultaneous recognition of CKD
in at-risk veterans, which are essential steps to guide the
policies to advance American kidney health as mandated in
recent Presidential Executive Orders. Screening for protein/
albuminuria, particularly in isolated HTN, and CKD aware-
ness was low. These results highlight a major gap in the
understanding of CKD among primary care, particularly,
albuminuria as the marker of CKD and the mediator of
worse outcomes, which represents a missed opportunity.
CKD screening and recognition was associated with favor-
able prescription of renal prudent medications. Our findings
indicate that the dissemination of information regarding
significance of CKD screening by both eGFR and uACR
and need for early identification of CKD in primary care
would be the next step to improve kidney health.
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