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Abstract—Data from Medicare’s E nd-Stage Renal Disease 
Medical Evidence Report (Form 2728) suggest that underuse of 
erythropoiesis-stimulating agents (ESAs) may be contri buting 
to anemia in predialysis patients. However, the data quality o f 
Form 2728 is not known. ESA prescription records were con-
firmed in Department of Veterans Affairs (VA) data sets and/or 
ESA claims in Medicare files and compared with data collected 
on Form 2728 among 8,033 veterans  who initiated dialysis i n 
2000 and 200 1 and were eligib le for bot h VA and Medicare 
coverage in the 12 months preceding dialysis initiation. Among 
the cohort, predialysis ESA use was foun d in 4% ( n = 323 ) 
more veterans by VA/Medicare data sets (n = 2,810) t han by 
Form 2728 (n = 2,487). With the use of VA/Medicare data sets 
(gold standard), the accuracy of Form 2728 for predialysis ESA 
use was sensitivi ty 57.0%, specificity 83.1%, positive predic -
tive value 64 .5%, negative predictive value 78.2%, and kappa 
coefficient 0.41. Sensitivity for reported predialysis ESA use on 
Form 2728 was lo west among veterans wh o were female an d 
nonwhite, of low socioeconomic status, and wit h anem ia o r 
other comorbid illnesses. The poor sensitivity and specificity of 
predialysis ESA use data on Form 2728 rai se concerns about 
the valid ity of previous reports  and study findings. Investiga-
tors should recognize these sh ortcomings and the introduction 
of possible bias in future research and reports.
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INTRODUCTION

The incidence and prevalence of end-stage renal dis -
ease (ESRD) continue  to increase subs tantially in the 
United States [1–2]. Prior analyses have found that veter-
ans are at high risk for developing chronic kidney disease 
(CKD), the precursor to ESRD, and rate s of morbidity 
and mortality are extremely high among veterans w ith 
kidney disease [3–5]. At onse t of ESRD, the Centers for 
Medicare and Medicaid Services (CMS) re quire an 
ESRD Medical Ev idence Repo rt (Form 272 8) b e com -
pleted to certify the patient’ s need for rena l replacement 
therapy and to signal eligibility for Me dicare’s ESRD 
entitlement program. Demographic, medical comorbidity, 
and laboratory d ata from Form 27 28 have been used for 
both administrative and r esearch purposes. The United 
States Renal Da ta Sys tem (U SRDS), a comprehensive 
registry of al l patients with ES RD in  th e United States, 
publishes annu al reports d escribing the characteristics 
and clinical attributes of the population with ESRD based 
on information from Form 2728 [1–2]. CMS dialysis net-
works acros s the United States also use data from this 
source to as sess quality of pr edialysis a nd dialysis care 
and to tar get qual ity imp rovement i nitiatives. Further-
more, researchers have used information from Form 2728 
in a large number of clinical, epidemiological, and health 
services research studies [6–10].

However, we are aware of only one prior study that 
has attempted to validate any of the Form 27 28 informa-
tion. This study found significant underreporting of major 
comorbid health conditions compared with reporting of 
these conditions in patient medical records as a gold stan-
dard [11]. This fin ding raises do ubts about the repo rting 
and integrity o f other data elements on  Form 2 728, 
including the use of erythropoiesis-stimulatin g agents 
(ESAs) in p atients b efore attaining ESRD  and starting 
renal replacement therapy (predia lysis period). ESAs are 
recommended and us ed to correct severe anemia, which 
occurs frequently as a comp lication of severe CKD, and 
may ameliorate many of the negative sequelae of anemia, 
which include lower quality of life and increased hospi -
talization, cardiovascular complications, and mortality 
[12–20]. Recent USRDS reports and clinical studies have 
suggested that ESA underus e in patients with pre-ESRD 
may be contributing to the  unacceptable severity of ane -
mia in these patients at init iation of dialysis [1–2,6–
10,15,19]. T o better understan d the quality of the data 
underpinning these observation s, we investigated the 

accuracy and completenes s of pre dialysis ESA use data 
on Form  2728  by co mparing them with Department of 
Veterans Affairs (VA) pharmacy prescription records and 
Medicare claims records in a cohort of veterans reliant on 
VA and/or Medicare-covered services. We also examined 
whether demographic or clinical factors  exis ted that are 
associated with the accuracy of the ESA use data.

METHODS

Study Design and Sample
We conducted a retrospective analysis of receipt of 

ESAs among elderly veterans (aged 66 years) who initi-
ated chronic dialysis in 2000 and 2001 and were eligible 
for both VA and Medicare coverage in the 12 months pre-
ceding dialysis initiation. We chose this study population 
because we were able to confirm their receipt of predialy-
sis ESA using prescription r ecords and claims data, inde -
pendent of information reported on Form 2728. T o 
identify the study cohort, we used the crosswalk file made 
available to the V A Information Resource Center [21] 
from the US RDS, which identifies veterans eligible for 
VA-covered services who have been registered as patients 
with ES RD [22]. V eterans eli gible for V A-covered ser-
vices were defined as individuals who used VA healthcare 
services, were enrolled in the Veterans Heal th Adminis-
tration, or received a pension or compensation from the 
VA. The initiation date of dialysis was identified with the 
USRDS Patients File [22]. We limited the cohort to veter-
ans initiating chronic dialysis between January 1, 2000, 
and December 31, 2001, and defined the 12-month period 
preceding dialysis initiation as the predialysis period.*

We further restricted our sample to veter ans who 
were 66 years old at dialysi s initiation to ensure that vet -
erans were  also eligible for Medicare-covered se rvices 
throughout th e p redialysis pe riod. T o ensure adequa te 
capture of heal thcare use information including ESA 
data, we excluded ve terans who were enrolled in Medi -
care but did not have Medicare as their primary payer during
this period, were enrolled in  a Med icare health-mainte-
nance organization, or had no healthcare use in either the 
VA or Medicare during the predialysis period [23].

*In this article, we refer to ren al replacement therapy (RRT) as dialy-
sis since 99.6% of the study cohort’s RRT was chronic dialysis (0.4% 
underwent kidney transplantation).
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ESA Data Collection

VA Data Sets and Medicare Files
ESA use was ascertained from VA pharmacy records 

(Pharmacy Benefits Management [PBM], Fee Basis) and/
or ESA c laims under Medicare  file s (Carrie r/Inpatient/
Outpatient/durable medical equipment) duri ng th e 12 -
month predialysis period. PBM data capture medications 
dispensed from VA pharm acies. A dispensation of 
“erythropoietin” or “darbepoietin” in such data  was con-
sistent with receipt of ESA in the VA. Any occurrence of 
current procedural terminology codes for ESAs in Medi-
care claims data wa s deemed consiste nt with rece ipt of 
ESA under Medicare.

Form 2728
The CMS ESRD  Medical Evidenc e Report, from 

here on known as Form 2728, is required for all patients 
reaching ESRD requiring RRT and becoming eligible for 
Medicare’s ESRD program. On th e fron t page of Form 
2728 (version 6-97), question 17 states, “Was predialysis/
transplant EPO [erythropoietin] administered?” Poss ible 
responses inc lude “yes” or “no.” A “ye s” response was 
considered to indicate ESA wa s administered in the pre-
dialysis period, while a “no” response was considered to 
indicate ESA  was not administered in the pre dialysis 
period. N onresponses we re c onsidered to indic ate that 
ESA w as not administered but were also e xcluded and 
examined in a sensitivity analysis.

Variables
We obtained data on veteran characteristics from VA 

Inpatient and Outpatient Medical SAS [SAS Institute Inc, 
Cary, North Carolina] data sets, the Medicare Denomina-
tor file, an d th e USRDS Patien ts File and Form 272 8 
[22,24–25]. Comorbidities were assigned on the basis of 
diagnostic and procedure codes in the inpatient and outpa-
tient VA data sets and Medicare claims data [26]. Anemia 
was defined as serum hemo globin <10 g/dL, as reported 
in Form 2728, and supplemented with the V A Decisio n 
Support System Laboratory Results file [27]. VA priority 
level was defined as  “high” for veterans with a service-
connected condition or whose income was less than a VA-
established annual thresh old (VA priority g roups 1 –6), 
“low” for those whose income was greater than the annual 
income threshold, and “missing” for veterans with no des-
ignation available [28]. To account for socioeconomic sta-
tus, we linked information about the patients’ ZIP Code of 
residence obtained from the VA Planning Systems Sup -

port Group (PSSG) with information from the 2000 Cen-
sus [29], in cluding ZIP Cod e-based median househo ld 
income, education levels, and county unemployment rate 
from th e Area Reso urce File  [30–3 1]. In ad dition to 
including veteran census region, the urban/rural nature of 
a ZIP Code was obtained from the VA PSSG [29].

We also cla ssified ve terans by the healthcare s ys-
tem(s) in which they received outpatient healthcare dur-
ing the predialysis period: (1) VA outpatient care only 
(VA-only), (2) VA and  Medicare outpatient care (dual), 
and (3)  Medicare outpatient care only (Medicare-only). 
Adapting a pre viously de veloped a lgorithm [3 2], we  
determined the healthcare system from VA and/or Medi-
care encounters in the following types of outpatient care: 
primary, specialty, auxiliary clinic, and psychi atric. Any 
single VA or Medicare encounter for any of these four  
groups was considered evidence of healthcare use in that 
particular system. W e identifie d episodes of outpatient 
nephrology care during the 12-mon th predialysis period 
using both VA outpatient administrative data and Medi -
care carrier files. Nephrology ca re wa s defined as the 
presence of any of the following during the predialysis 
period: nephrology clinic visit (VA), outpatient hyperten-
sion clinic vi sit with a n ephrology p rovider (VA), and 
nephrology pro vider visit (Medicare). Bec ause visits  
coded as level 1 in  Medicare do no t requ ire interact ion 
with a nephrology practitione r, these visits were 
excluded.

Statistical Methods
Using previously published methods [11,33–34], we 

categorized vetera ns a ccording to predia lysis ESA use  
reported on Form 2728 in relation to ESA prescript ion 
records in VA data sets and ESA claims in Medicare files 
during the 12-month predialysis period (Table 1).

Using the number of veterans in each group (Table 1), 
we computed four comparison statistics usin g VA data  
sets and/or Medicare files as the gold standard:
  • A = true positive.
  • B = false positive.
  • C = false negative.
  • D = true negative.
Sensitivity indicates the percentage of subjects with
predialysis ESA use that was correctly re corded on 
Form 2728 and was computed as the ratio of true  posi-
tives to true positives plus false negatives (A/(A + C)). 
Specificity refers to the percentage of subjects without
predialysis ESA use that was correctly re corded on
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Form 2728 and computed as the ratio o f true negatives 
to true negatives plus false positives (D/(D + B)). Posi -
tive predictive value (PPV) refe rs to the percentage of 
subjects that was identified as having pre dialysis ESA 
use on Fo rm 2728 and actually had such u se and was 
computed as the ratio of true positives to true positives 
plus false positives (A/(A + B)). Negative predictive 
value (NPV) refers to the pe rcentage of subjects that 
was identified as not having predialysis ESA us e on 
Form 2 728 an d d id n ot ha ve such us e and  was  com-
puted as the ratio of true negatives to t rue n egatives 
plus false negatives (D/(D +  C)). A s a me asure of 
agreement between Form 2728 and VA data sets and/or 
Medicare file s regarding predialys is ESA use da ta, a 
coefficient wa s calculated as (obse rved agreement – 
chance a greement)/(1 –  chance agreement), where  
observed agreement = A + D/(A + B + C + D) and 
chance agreement = (C + D)/(A + B  + C + D) × (B +  
D)/(A + B + C + D) + (A + C)/(A + B + C + D) × (A + 
B)/(A + B + C + D).

We computed sensitivity, specificity, PPV, NPV, and 
 coefficient for the overall cohort, demo graphic sub-
groups of the cohort, and outpatient care subgroups of the 
cohort. All an alyses were conducted with the use of 
STATA SE versio n 9.03 (S tataCorpLP; Co llege S tation, 
Texas).

RESULTS

Participants
The final analytic c ohort comprised 8,033 veterans 

after excluding 4,453 veterans: 2,453 who did not receive 
outpatient care from either the VA or Medicare during the 
predialysis period, 1,318 who were enrolled in Medicare 
managed care plans, and 682 who did not have Medicare 
as their p rimary payer. Of th e veterans, 17 percent were 
VA-only (n = 1, 395), 44 percent were d ual (n = 3, 545), 
and 39  percent were M edicare-only ( n = 3, 093) o utpa-
tient care users. Sixty-three percent of vete rans received 
predialysis ne phrology care  (n = 5,059), while thirty-
seven percent did not (n = 2,974).

Descriptive Data
More than 80 percent of the cohort were elderly non-

Hispanic white veterans (Table 2 ). More than 50 percent 
of the study veterans had diabetes mellitus, hypertension, 
or congestive heart failure, while approximately 23 per -
cent or more had peripheral vas cular dise ase, coronary 
artery disease, or chronic obstructive pulmonary dis ease 
(COPD). App roximately 45  percent of th e coho rt had 
either Medicaid or no additional health insurance beyond 
VA a nd Me dicare co verage. Nearly 1 in 5  ve terans 
resided in counties or ZIP Codes with low median house-
hold income, a low percentage  o f college g raduates, or 
high unemployment. Over 80 percent of veterans lived in 
urban ZIP Codes from all regions of the United States.

Accuracy of ESA Data on Form 2728

Overall
Among 8,033 ve terans in th e final cohort (Table 3 ), 

predialysis ESA use  was found in 4 pe rcent ( n = 323 ) 
more veterans by VA/Medicare data sets ( n = 2,810) than 
by Form 2728 (n = 2,487). The overall accuracy of Form 
2728 for predial ysis ESA use was low: sensit ivity 
57.0 percent, specificity 83.1 pe rcent, PPV 64.5 pe rcent, 
and NPV 78.2 percent. Agreement between the two data 
sources was also fair with a coefficient in abstract and of 
0.41. A sensitivity analysis was also performed, excluding 
those subjects with missing responses for predialysis ESA 
on Form 2728 (n = 196), and the results were not signifi-
cantly different.

Table 1.
Definitions o f four group s fo r asse ssing accuracy of erythrop oiesis-
stimulating agent (ESA) data in Medicare’s End-Stage Renal Disease 
Medical Evidence Report.

Group Definition
A. True Positive Veterans received predialysis ESAs on 

Form 2728. A prescription for ESAs 
was present in VA/Medicare data sets.

B. False Positive Veterans received predialysis ESAs on 
Form 2728. A prescription for ESAs 
was not present in VA/Medicare data 
sets.

C. False Negative Veterans did not receive predialysis 
ESAs on Form 2728. A prescription for 
ESAs was present in VA/Medicare data 
sets.

D. True Negative Veterans did not receive predialysis 
ESAs on Form 2728. A prescription for 
ESAs was not present in VA/Medicare 
data sets.

VA = Department of Veterans Affairs.
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By Anemia
Sensitivity of pr edialysis ESA use on F orm 2728 

was lower amon g veterans with  anemia (hemo globin 
<10 g/dL) at o nset of ESRD than those withou t anemia 
(52.6% vs 62.1%) , while smal ler dif ferences existed in 
other comparison statistics ( Table 4 ). Overall agreement 
by  coefficient was 0.38 for veterans w ith anemia com -
pared with 0.44 for veterans without anemia.

By Demographic and Clinical Subgroups
Differences in comparison sta tistics existed across  

multiple demographic and clini cal subgroups, especially 
regarding sensitivity (Table 5 ). Sensitivity of Form 2728 
predialysis ESA use w as low er in female (51.4%, 95% 
confidence interval [CI]: 39.2–63.6) compared with male 
veterans (57.2%, 95% CI: 55.3–59.1) as well as African-
American v eterans (53.3%, 9 5% CI: 48.7–57.7) com-
pared with their white counterparts (58.0%, 95% CI: 
55.9–60.0). Several o ther socio economic factors were 
associated with lower sensitivity of predi alysis ESA use 
on Fo rm 2728, including M edicaid in surance (4 8.6%), 
low median household income (53.4%), low proportion 
of college gradu ates (54 .2%), an d h igh u nemployment 
(53.5%). Compared with th ose without comorbidities, 
veterans with comorbid conditions such as diabetes, vas-
cular disease, and COPD tended to have a lower sensitiv-
ity for reported predialysis ESA use on Form 2728.

By Outpatient Care Subgroups
Compared with veterans who received outpatient 

predialysis nephrology care, veterans who did not had a 
lower sensitivi ty and  coef ficient on Form 2728 for  
reported pre dialysis ESA use , 48.1 vers us 58 .9 perc ent 
and 0.31 versus 0.40, respectively (Table 6). Smaller dif-
ferences existed in sensitivi ty among VA-only, dual, and 
Medicare-only outpatient care users.

DISCUSSION

To our knowledge, this analysis is the first detailed 
examination of the accuracy of predialysis ESA data  
reported on  Me dicare’s Form 27 28. We fou nd significant 
misclassification of predia lysis ESA data on Form 2728 in 
veterans incident to ES RD who required dialysi s, with an 
overall sensitivity of 57.0 perc ent and specificity of 83.1 
percent. Inaccuracy of ESA reporting on Form 2728 yielded 
prevalence estimates of ESA use that were 4 percent lower 

Table 2.
Characteristics of veterans (N = 8,033).

Characteristic Overall % (n)
Age (yr)
66 to 74 38.6 (3,104)
>74 61.4 (4,929)

Sex
Male 97.5 (7,831)
Female 2.5 (202)

Race
White 81.2 (6,521)
African American 16.4 (1,314)
Other 2.4 (198)

Hispanic
Yes 5.8 (470)
No 94.2 (7,563)

Body Mass Index (kg)
30 17.0 (1,363)
30 83.0 (6,670)

Comorbidities
Diabetes Mellitus 55.0 (4,417)
Hypertension 89.9 (7,220)
Peripheral Vascular Disease 25.4 (2,041)
Coronary Artery Disease 23.2 (1,862)
Congestive Heart Failure 56.6 (4,546)
Stroke 15.6 (1,253)
COPD 32.8 (2,633)
Anemia 44.7 (3,594)

Additional Insurance
None 34.3 (2,753)
Medicaid 10.6 (850)
Private 55.1 (4,430)

VA Priority Level
High 66.0 (5,298)
Low 20.6 (1,656)
Missing 13.4 (1,079)

Median Household Income by ZIP Code ($U.S.)*

30,000 22.2 (1,785)
30,000 77.8 (6,248)

College Graduate by ZIP Code (%)
10 15.9 (1,280)
10 84.1 (6,753)

Unemployment by ZIP Code by County (%)
>6 19.0 (1,525)
6 81.0 (6,508)

Type of ZIP Code
Urban 81.3 (6,530)
Rural 18.7 (1,503)

Region
Northeast 19.7 (1,581)
Midwest 26.2 (2,106)
South 38.9 (3,128)
West 13.5 (1,081)
Territory 1.7 (137)

*In thousands of dollars, rounded to nearest hundredth dollar.
COPD = chronic obstructive pulmonary disease, VA = Department of Veterans 
Affairs.
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than those based on documented ESA use in the VA and/or 
Medicare. Sensitivity was poor (ranging from 48.6% to 
65.3%), and specificity (ranging from 77.1% to 86.3%) was 
moderate for all groups. Sensitivity was worse in veterans 
who were female, no nwhite, those of low socioeconomic 
status, and those with a greater burden of comorbid illness. 
Only one prior stud y commented on predia lysis ESA da ta 
on Form 2728 [35]. In a retrospective cohort analysis of eld-
erly (aged >66 years) Medicare recipients incident to hemo-
dialysis fro m 19 95 to 19 97, Xue et al. briefly noted  that 
although n early 2 4 p ercent of stud y p articipants we re 
reported to receive an ESA before starting dialysis on Form 
2728, o nly 1 5.6 percent received an ES A befo re ESRD 
according to the ir revie w of Medicare claims da ta [35]. 
Although Medicare was the  primary payer for subjects in 

this study, the authors acknowledged that other payers could 
be covering ESAs for the se Medica re pa tients and henc e 
explain the higher ESA use reported by Form 2728 versus 
that found in Medicare claims; however, comparative statis-
tics were not reported. In contrast, our study population was 
required not only to be Medicare-eligible and to have Medi-
care as a primary payer but also to be eligible for VA-cov-
ered services, thereby diminis hing the risk that ESA could 
have been  provided ou tside of Me dicare or V A. Fu rther-
more, we  did not find the  accu racy of Form 2728 to be 
worse in veterans who had additional private insurance ver-
sus those without additional insurance.

In their evaluation of the accuracy of comorbid con-
ditions on Form 2728, Longenecker et al. noted an overall 
sensitivity of 59 percent and sp ecificity of 91 percent, 

Table 3.
Overall accuracy of erythropoiesis-stimulating agent (ESA) data in Medicare’s End-Stage Renal Disease Medical Evidence Report (Form 2728) 
of veterans (N = 8,033).

Predialysis ESA in 
Form 2728

Predialysis ESA in
VA/Medicare Data Sets

Sensitivity*

(%)
Specificity†

(%)
PPV‡

(%)
NPV§

(%) 

Yes No (95% Confidence Interval)
Yes 1,603 884 57.0 83.1 64.5 78.2 0.41
No¶ 1,207 4,339 (55.2–58.9) (82.0–84.1) (62.5–66.3) (77.1–79.3) (0.39–0.43)

*Sensitivity = true positives/(true positives + false negatives) × 100.
†Specificity = true negatives/(true negatives + false positives) × 100.
‡PPV = true positives/(true positives + false positives) × 100.
§NPV = true negatives/(true negatives + false negatives) × 100.
¶196 of 8,033 (2.4%) were missing predialysis ESA information on Form 2728 and were considered consistent with no predialysis ESA.
NPV = negative predictive value, PPV = positive predictive value, VA = Department of Veterans Affairs.

Table 4.
Accuracy of erythropoiesis-stimula ting agent (ESA) data in Medicare’s End-Stage Renal Disease Medical Ev idence Rep ort ( Form 272 8) by 
presence of anemia.

Predialysis ESA in 
Form 2728

Predialysis ESA in
VA/Medicare Data Sets

Sensitivity*

(%)
Specificity†

(%)
PPV‡

(%)
NPV§

(%) 

Yes No (95% Confidence Interval)
No Anemia Present

Yes 914 467 62.1 81.3 66.2 78.5 0.44
No 558 2,033 (59.6–64.6) (79.7–82.8) (63.6–68.7) (76.8–80.0) (0.41–0.47)

Anemia Present
Yes 646 381 52.6 83.9 62.9 77.3 0.38
No 583 1,984 (49.7–55.4) (82.3–85.4) (59.9–65.9) (75.6–78.9) (0.35–0.41)

Anemia Not Assessed
Yes 43 36 39.4 89.9 54.4 83 0.32
No 66 322 (30.2–49.3) (86.4–92.9) (42.8–65.7) (78.9–86.6) (0.22–0.43)

*Sensitivity = true positives/(true positives + false negatives) × 100.
†Specificity = true negatives/(true negatives + false positives) × 100.
‡PPV = true positives/(true positives + false positives) × 100.
§NPV = true negatives/(true negatives + false negatives) × 100.
NPV = negative predictive value, PPV = positive predictive value, VA = Department of Veterans Affairs.
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Table 5. 
Accuracy of  ery thropoiesis-stimulating agent (ESA) data in Medicare’s End-Stage Rena l Disease Medical Evid ence Report (Form 272 8) by 
demographic and clinical subgroups.

Characteristic Sensitivity (%)* Specificity (%)† PPV (%)‡ NPV(%)§ 
(95% Confidence Interval)

Age (yr)
66 to 74 58.0 (55.0–61.0) 83.3 (81.5–84.9) 65.1 (62.0–68.1) 78.7 (76.9–80.4) 0.42 (0.39–0.46)
>74 56.4 (54.1–58.8) 83.0 (81.6–84.3) 64.1 (61.6–66.5) 78.0 (76.5–79.4) 0.40 (0.38–0.43)

Sex
Male 57.2 (55.3–59.1) 83.2 (82.1–84.2) 64.6 (62.7–66.6) 78.3 (77.2–79.4) 0.41 (0.39–0.44)
Female 51.4 (39.2–63.6) 79.5 (71.7–86.1) 57.1 (44.0–69.5) 75.5 (67.5–82.4) 0.32 (0.18–0.45)

Race
White 58.0 (55.9–60.0) 83.3 (82.2–84.4) 64.8 (62.7–66.9) 78.9 (77.7–80.1) 0.42 (0.40–0.45)
African American 53.3 (48.7–57.7) 82.8 (80.1–85.4) 65.0 (60.1–69.7) 74.8 (71.8–77.5) 0.37 (0.32–0.43)
Other 53.4 (39.9–66.7) 77.1 (69.3–83.8) 49.2 (36.4–62.1) 80.0 (72.3–86.4) 0.30 (0.16–0.44)

Hispanic
Yes 59.5 (51.4–67.2) 83.7 (79.1–87.6) 64.8 (56.5–72.6) 80.3 (75.6–84.5) 0.44 (0.35–0.53)
No 56.9 (55.0–58.8) 83.0 (82.0–84.1) 64.4 (62.5–66.4) 78.1 (77.0–79.2) 0.41 (0.39–0.43)

BMI (kg)
30 58.8 (54.2–63.4) 86.2 (83.8–88.3) 67.9 (63.0–72.5) 80.8 (78.2–83.3) 0.47 (0.41–0.52)
30 56.7 (54.7–58.7) 82.4 (81.3–83.5) 63.8 (61.7–65.9) 77.7 (76.4–78.9) 0.40 (0.38–0.42)

Comorbidities
Diabetes Mellitus

Yes 55.2 (52.8–57.7) 83.0 (81.5–84.4) 65.6 (63.0–68.1) 76.0 (74.4–77.5) 0.39 (0.37–0.42)
No 59.6 (56.7–62.4) 83.2 (81.6–84.7) 63.1 (60.2–65.9) 81.0 (79.4–82.5) 0.43 (0.40–0.46)

Hypertension
Yes 57.0 (55.1–58.9) 82.7 (81.6–83.8) 65.6 (63.6–67.5) 76.9 (75.7–78.1) 0.41 (0.39–0.43)
No 57.5 (49.6–65.1) 85.8 (82.8–88.4) 51.1 (43.7–58.4) 88.6 (85.9–91.0) 0.41 (0.34–0.49)

Peripheral Vascular Disease
Yes 54.9 (51.1–58.8) 84.0 (82.0–85.9) 62.0 (57.9–66.0) 79.7 (77.6–81.7) 0.40 (0.36–0.44)
No 57.7 (55.6–59.8) 82.7 (81.5–83.9) 65.2 (63.0–67.3) 77.7 (76.4–79.0) 0.41 (0.39–0.44)

Coronary Artery Disease
Yes 52.6 (48.4–56.7) 85.6 (83.5–87.4) 61.4 (56.9–65.8) 80.5 (78.3–82.5) 0.40 (0.35–0.44)
No 58.2 (56.1–60.2) 82.3 (81.0–83.4) 65.2 (63.1–67.3) 77.5 (76.2–78.8) 0.41 (0.39–0.44)

Congestive Heart Failure
Yes 52.6 (50.0–55.1) 83.6 (82.2–84.9) 60.9 (58.2–63.6) 78.4 (76.9–79.8) 0.37 (0.35–0.40)
No 62.1 (59.4–64.7) 82.4 (80.7–84.0) 68.3 (65.6–70.9) 78.1 (76.3–79.7) 0.45 (0.42–0.48)

Stroke
Yes 53.9 (48.8–59.0) 84.2 (81.6–86.6) 59.8 (54.4–65.0) 80.8 (78.1–83.3) 0.39 (0.34–0.45)
No 57.5 (55.5–59.5) 82.9 (81.7–84.0) 65.2 (63.1–67.2) 77.7 (76.5–78.9) 0.41 (0.39–0.44)

COPD
Yes 50.9 (47.4–54.5) 84.6 (82.9–86.2) 58.9 (55.1–62.6) 79.9 (78.1–81.7) 0.37 (0.33–0.41)
No 59.5 (57.3–61.6) 82.3 (80.9–83.5) 66.6 (64.4–68.8) 77.3 (75.9–78.7) 0.43 (0.40–0.45)

Additional Insurance
None 56.7 (53.6–59.8) 86.3 (84.6–87.9) 70.3 (67.0–73.4) 77.7 (75.8–79.6) 0.45 (0.41–0.48)
Medicaid 48.6 (42.1–55.0) 83.2 (80.0–86.1) 53.6 (46.8–60.4) 80.2 (76.8–83.2) 0.33 (0.26–0.40)
Private 58.6 (56.1–61.0) 81.1 (79.6–82.5) 62.9 (60.3–65.3) 78.2 (76.6–79.6) 0.40 (0.37–0.43)

VA P riority L evel
High 56.2 (53.9–58.4) 84.0 (82.7–85.2) 65.6 (63.2–67.9) 77.9 (76.6–79.3) 0.41 (0.39–0.44)
Low 62.3 (58.4–66.1) 81.4 (78.8–83.7) 66.7 (62.7–70.6) 78.3 (75.7–80.7) 0.44 (0.40–0.49)
Missing 52.0 (46.4–57.5) 81.2 (78.2–83.9) 54.3 (48.6–60.0) 79.7 (76.7–82.5) 0.34 (0.27–0.40)
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which were con sistent with th e degree of un der- and 
overreporting of predialysis ESA in our study [11]. They 
also noted worse sensitivity in females, African Ameri -
cans, and those with multiple comorbid conditions. Note-
worthy is that the presence of comorbid conditions and 
use of predialysis ESA on Form 2728 simply require the 
respondent to mark an  appropriate box. The respondent 
receives no specific training for completing Form 2728. 
Moreover, tremend ous hetero geneity exists in the iden -
tity of the respondent because it  may be any one or a 
combination of in dividuals, including the patient, social 
worker, nurse, administrator, or nephrologist. In this set-
ting, interpretation and unders tanding of questions such 
as “Was predia lysis/transplant EPO  adminis tered?” a nd 
the gathering of patient information to answer such ques-
tions in an informed manner are highly variable. In vul-
nerable po pulations, such as those characterized by 
complex comorbid conditions, low socioeconomic status, 
minority race, and absent pred ialysis neph rology care, 

accurate completion of Form 2728 is likely further com-
promised by issues of patient health literacy, patient edu-
cation and a wareness about CKD and its treat ment, and 
provider-patient communication.

Similar to the i mplications cited by Longenecker et 
al., two types of bi ases may result from the use of Form 
2728 predialysis ESA data for administrative and research 
purposes: (1) un derreporting bias o f predialysis ESA and  
(2) dif ferential bias regardin g the  association of ce rtain 
characteristics w ith predialysis ESA [11]. Multi ple 
USRDS repo rts using Form 27 28 data have concluded 
that on going lev els of su boptimal deg rees o f anemia in  
incident patien ts with ESRD are in  part bec ause of 
underuse of ESA [17 ]. The se repo rts hav e co nsistently 
cited lower  hemoglobin values in patient s without ESA 
use compared with those with ESA use and ha ve sug -
gested that more appropriate use of predialysis ESA is an 
important target of quality improvement in patient  care. 
Moreover, recent lar ge observational studies and clinical

Characteristic Sensitivity (%)* Specificity (%)† PPV (%)‡ NPV(%)§ 
(95% Confidence Interval)

Median Household Income by ZIP Code ($U.S.)¶

<30,000 53.4 (49.1–57.7) 84.1 (82.0–86.1) 59.5 (55.0–63.9) 80.5 (78.2–82.6) 0.39 (0.34–0.43)
30,000 57.9 (55.9–60.0) 82.7 (81.5–83.9) 65.6 (63.5–67.7) 77.5 (76.3–78.8) 0.42 (0.39–0.44)

College Graduate by ZIP Code (%)
<10 54.2 (49.1–59.2) 82.3 (79.6–84.7) 57.7 (52.5–62.8) 80.1 (77.3–82.6) 0.37 (0.32–0.43)
10 57.5 (55.5–59.5) 83.2 (82.1–84.3) 65.6 (63.6–67.7) 77.9 (76.7–79.1) 0.42 (0.40–0.44)

Unemployment by ZIP Code by County (%)
>6 53.5 (48.9–58.1) 84.8 (82.5–87.0) 61.1 (56.2–65.8) 80.4 (78.0–82.7) 0.40 (0.35–0.45)
6 57.8 (55.7–59.8) 82.6 (81.4–83.8) 65.1 (63.0–67.2) 77.7 (76.4–78.9) 0.41 (0.39–0.44)

Type of ZIP Code
Urban 56.6 (54.6–58.6) 83.1 (81.9–84.2) 65.3 (63.1–67.3) 77.3 (76.0–78.5) 0.41 (0.38–0.43)
Rural 59.3 (54.7–63.9) 83.1 (80.7–85.4) 60.8 (56.1–65.3) 82.3 (79.8–84.5) 0.43 (0.38–0.48)

Region
Northeast 58.6 (54.6–62.6) 78.8 (76.1–81.3) 63.4 (59.3–67.4) 75.2 (72.5–77.9) 0.38 (0.33–0.43)
Midwest 57.6 (53.7–61.4) 83.9 (81.9–85.7) 62.3 (58.4–66.2) 81.0 (78.9–83.0) 0.42 (0.38–0.46)
South 55.2 (52.2–58.2) 85.1 (83.4–86.6) 66.9 (63.7–69.9) 77.7 (75.9–79.4) 0.42 (0.39–0.45)
West 57.9 (52.8–62.9) 81.3 (78.2–84.1) 62.7 (57.4–67.8) 78.1 (74.9–81.0) 0.40 (0.34–0.46)
Territory 65.3 (50.4–78.3) 85.2 (76.1–91.9) 71.1 (55.7–83.6) 81.5 (72.1–88.9) 0.51 (0.36–0.67)

*Sensitivity = true positives/(true positives + false negatives) × 100.
†Specificity = true negatives/(true negatives + false positives) × 100.
‡PPV = true positives/(true positives + false positives) × 100.
§NPV = true negatives/(true negatives + false negatives) × 100.
¶In thousands of dollars, rounded to nearest hundredth dollar.
BMI = body mass index, COPD = chronic obstructive pulmonary disease, NPV = negative predictive value, PPV = positive predictive value, VA = Department of 
Veterans Affairs.

Table 5. (Continued)
Accuracy of erythropoiesis-stimula ting agent (ESA) data in Medicare’s End-Stage Renal Disease Medical Ev idence Rep ort ( Form 272 8) by 
demographic and clinical subgroups.
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review articles, which relied on Form 2728 data, have also 
found that less than one-thi rd of pati ents wi th inci dent 
dialysis rece ived predialysi s ESA and that those with 
lower hemogl obin values were  even less likely t o have 
received p redialysis ESA [6 –10,15–16,19]. Only o ne 
group of investigators expressed concern about predialy-
sis ESA data misclassification on Form 2728, but doubted 
it was significant because an  inverse correlati on was 
found between ESA use  and low hemoglobin (r = –0 .65, 
p = 0.004) [6,8]. Our detailed analysis of Form 2728 pre-
dialysis ESA data sug gests otherwise. While our findings 
do not entirely discount the observed relationship between 
lack of ESA use and worse anemia, they do suggest that it 
has been exa ggerated. Especi ally considerin g that sensi-
tivity and underreporting were observed as worse in those 
with anemia compared with those without anemia, these 
results require a reexamination of this matter and greater 
attention to other important factors affecting anemia man-
agement in patients with pre-ESRD, suc h as dosing of 
ESA and iron therapy.

Differential bias  is a lso a potential consequence of 
using predialysis ESA data on Form 2728. USRDS annual 
reports have found that African Americans had worse ane-
mia parameters at initiation of dialysis and were less likely 
to receive ESA than wh ites [1–2]. Based on  Form 2728  
data, several epidemiological st udies over the past decade 
have contended that the A frican-American rac e, u nem-
ployment, and Medicaid insurance are independently asso-
ciated with a lower likelih ood o f pred ialysis ESA [6–
10,36]. While these disparities may exist and be influenced 
by economic and healthcare access as these investigators 

contend, our findings suggest that s ome of these associa-
tions may be the result of bias because of poor sensitivity 
and misclassification of d ata on Form 2728  in these 
groups. These potentially erroneou s relatio nships could 
obfuscate the determination  of  appropriate subgroups for 
targeting improvements in pre-ESRD anemia care.

In 2005, a new Form 2728 was adopted and dissemi-
nated that contains new information regarding prior ESA 
therapy in patients with incident ESRD. The question has 
been restated  as “Prior to  ESRD th erapy, did patient 
receive exogenous erythropoietin or equivalent?” and the 
options for responses include “yes,” “no,” or “unknown.” 
If “yes” is indicated, then th e respondent is further asked 
if such the rapy wa s g iven for “6 to  12  m onths” or  
“>12 months.” Th is n ew language and  “un known” 
response option may enhance the accuracy of Form 2728 
ESA data b y reducing  misunderstanding of the qu estion 
and allowing for an appropriate  choice if the receipt of 
predialysis ESA is uncertain. Furthermore, the additional 
specific data requested may improve characterization o f 
predialysis ESA use across the United S tates. Evaluation 
of the data quality of this revi sed Form 2728 is needed to 
inform administrators an d investigators how best to use 
this information to assess quality of pre-ES RD care and 
epidemiological research endeavors. In the interim, while 
the use of predialysis ESA data on Fo rm 272 8 of fers 
many ad vantages, in cluding being ine xpensive to u se, 
being readily available, and characterizing a large national 
patient sample, the data’ s use is compromised by data 
misclassification and poor sensitivity. These shortcomings 

Table 6.
Accuracy of  ery thropoiesis-stimulating agent (ESA) data in Medicare’s End-Stage Rena l Disease Medical Evid ence Report (Form 272 8) by 
outpatient care subgroups.

Type of Outpatient 
Predialysis Care

Sensitivity (%)* Specificity (%)† PPV (%)‡ NPV (%)§ 
(95% Confidence Interval)

Predialysis Nephrology Care
Yes 58.9 (56.9–60.9) 80.8 (79.3–82.3) 72.3 (70.3–74.4) 69.8 (68.1–71.4) 0.40 (0.38–0.43)
No 48.1 (43.6–52.7) 85.6 (84.1–86.9) 39.2 (35.2–43.3) 89.5 (88.2–90.7) 0.31 (0.27–0.35)

Outpatient Care
VA-Only 58.4 (54.1–62.6) 86.5 (84.0–88.7) 73.4 (68.9–77.5) 76.5 (73.7–79.2) 0.47 (0.42–0.51)
Dual 55.5 (52.8–58.2) 83.9 (82.3–85.4) 67.6 (64.8–70.4) 75.7 (74.0–77.4) 0.41 (0.38–0.44)
Medicare-Only 58.4 (55.2–61.6) 80.9 (79.1–82.5) 56.8 (53.6–59.9) 81.9 (80.2–83.5) 0.39 (0.35–0.42)

*Sensitivity = true positives/(true positives + false negatives) × 100.
†Specificity = true negatives/(true negatives + false positives) × 100.
‡PPV = true positives/(true positives + false positives) × 100.
§NPV = true negatives/(true negatives + false negatives) × 100.
NPV = negative predictive values, PPV - positive predictive values, VA = Department of Veterans Affairs.
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and b iases should b e kept in mind  when results are 
reported and interpreted based on these data.

This study has limitat ions. First, th is st udy was con -
ducted in a predominantly older male population. Therefore,
findings for the accuracy of predialysis ESA da ta on 
Form 2 728 may no t be  ge neralizable to o ther de mo-
graphic g roups. Second, d espite the careful ef forts to 
restrict the cohort to veterans  reliant only on the VA and 
Medicare, predialysis E SA may possibly have been 
obtained outside of the VA or Medicare, especially in vet-
erans with private insurance or Medicaid. This phenome-
non would lowe r specificity in these analyses because it 
would inflate the degree of false positives. However, sen-
sitivity was lower than specificity in our analysis and the 
latter did not vary substantially acro ss key sub groups. 
Also, PBM data du ring this time perio d only ca ptured 
outpatient ESA use; therefore, ESA use during a VA hos-
pitalization may not be captured by our analysis. In addi-
tion, we underscore t he im portance that ESA use for 
anemia due to  CKD is  a c hronic therapy tha t would be 
unlikely to occur solely during an inpatient period; there-
fore, this underestimating of V A ES A use is likely not 
significant. Furthermore, we d id not find substantial dif-
ferences in sensitivity and sp ecificity among veterans 
whose ESA use wa s confirmed e xclusively in PBM 
records (i.e., VA-only users) versus exclusively in Medi-
care c laims da ta (i.e., Medicare-only users). Hence, our 
findings appear quite robust.

CONCLUSIONS

Reporting of predialysis ESA use on Form 2728 suf-
fers significant errors in underreporting an d o verreport-
ing. Investig ators should re cognize these  shortcomings  
and the introduction of possible  bias in prior and future 
research and national reports. Nonetheless, administra -
tive data remain a readily available and important reposi-
tory of information for medi cal research. As has be en 
suggested in th e past [37], ef forts and coo rdination 
among clinicia ns, rese archers, and policy makers are  
greatly needed to further develop linked electronic medi-
cal records and da tabases to improve the quality of 
administrative data sources such as Form 2728.
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