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Abstract

Background: Management trends in early chronic kidney disease (CKD) and their associations with clinical outcomes have not
previously been reported.

Methods: We evaluated incident (Stage G3A) CKD patients from an integrated health care system in 2004-06, 2007-09 and
2010-12 to determine adjusted trends in screening (urinary protein quantification), treatment [prescription for angiotensin-
converting enzyme inhibitor (ACEI) or angiotensin receptor blocker (ARB), and statin] and nephrology referral. For the same time
periods, adjusted rates for mortality, progression to Stage G4 CKD and hospitalization for myocardial infarction or heart failure
were calculated and compared across time periods.

Results: There were 728, 788 and 956 patients with incident CKD in 2004-06, 2007-09 and 2010-12, respectively. Adjusted
rates of proteinuria quantification (31, 39 and 51 screens/100 person-years), statin prescription (53, 63 and 64 prescriptions/
100 person-years) and nephrology referral (2, 3 and 5 referrals/100 person-years) all increased over time (P for trend <0.001
in all cases). ACEI/ARB prescription rates did not change (88, 83 and 80 prescriptions/100 person-years, P =0.68). Adjusted
death rates (7, 5 and 6 deaths/100 person-years), CKD progression (9, 10 and 7 progressors/100 person-years) and
cardiovascular hospitalization (10, 8 and 9 hospitalizations per 100/person-years) did not change (P for trend >0.4 in all
cases).

Conclusion: In this integrated health care system, management of incident CKD over the past decade has intensified.
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Introduction CKD patients are limited, but suggest that the uptake of evi-

Over the past decade, several consensus panels and workgroups
have published position statements promoting a more aggressive
approach to the screening and treatment of chronic kidney dis-
ease (CKD) [1-3]. Studies of management patterns in prevalent

dence-based screening and treatment recommendations is low
[4-6]. For example, a retrospective cohort study of 11 000 primary
care patients with prevalent Stage G3 or G4 CKD identified pro-
teinuria screening in only a third of the population, and fewer
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than half had controlled blood pressure [4]. Trends in screening
and treatment of patients with CKD over the past decade are
not well characterized, and it is therefore difficult to assess the
impact of efforts to promote a more aggressive management ap-
proach in this population.

Additionally, information on the impact of changes in screen-
ing and treatment on patient outcomes is also limited. Careful as-
sessment of patient outcomes is important given the potential
risks, burdens and costs for patients and health care systems of
more intensive screening and treatment programs. Moreover,
the evidence used to formulate current consensus guidelines
for patients with CKD is largely cited as weak-to-moderate [7].
Evaluation of outcomes in populations receiving guideline-
based care can help confirm the benefit of recommended screen-
ing and treatment strategies.

In order to assess trends in CKD management, we evaluated
screening, treatment and outcomes from 2004 to 2012 among in-
cident CKD (Stage G3) patients in the Geisinger Health System, a
large integrated health care system in central Pennsylvania. We
chose to evaluate practice patterns in incident rather than preva-
lent patients since analyses of prevalent populations can be com-
plicated by variable CKD duration and a greater likelihood of prior
CKD-specific treatment, which could impact subsequent screen-
ing and treatment decisions by health care providers.

Materials and methods

This retrospective cohort study was reviewed and approved
under ‘exempt’ status by the Geisinger Medical Center Institu-
tional Review Board, based on established Geisinger criteria for
the use of de-identified health information. Data were abstracted
from EpicCare, Geisinger Medical Center’s electronic health re-
cord, which contains detailed demographic, lifestyle (e.g. smok-
ing), procedural, laboratory, radiographic, vital and other clinical
data for more than 3.5 million patients receiving care in 45 out-
patient clinics and 5 inpatient facilities in central Pennsylvania.

Study population

Geisinger primary care patients between 18 and 88 years of age
were considered for inclusion. To meet the criteria of incident
CKD Stage G3, a minimum of two outpatient estimated glomeru-
lar filtration rate (eGFR) values between 30 and 59 mL/min/
1.73 m? were required, with no prior values less than (and at
least one value greater than) 60 mL/min/1.73 m?. Individuals
having received a prior kidney transplant were excluded, as were
those with a prior outpatient eGFR value <30 mL/min/1.73 m?.
The study index date was the date of the first of the two quali-
fying eGFR values. Incident CKD Stage G3 patients were then
grouped into three mutually exclusive cohorts according to study
index date: 1 January 2004 through 31 December 2006; 1 January
2007 through 31 December 2009; and 1 January 2010 through 31
December 2012. The definition of each cohort period was arbi-
trary, and based on the presumption that a minimum of three
distinct time periods would be necessary to verify trends in
screening and outcomes. Patients were followed until death or
the end of each cohort study period.

Measurements

GFR was estimated from serum creatinine using the CKD-EPI es-
timating equation [8]. Serum creatinine was measured at a single
Geisinger lab using the isotope dilution/mass spectroscopy—
traceable Roche enzymatic method throughout the entirety of
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the study period [9]. Instrument calibration at Geisinger labs is
performed according to manufacturer’s specifications. No changes
in calibration techniques occurred during the study period.

Screening and treatment

We compared screening (urinary protein quantification), treat-
ment [prescription for angiotensin-converting enzyme inhibitor
(ACEI) or angiotensin receptor blocker (ARB) for proteinuric pa-
tients, and prescription for HMG co-A Reductase Inhibitor (statin)
for patients 50 years of age or older] and nephrology referral
across the three cohorts. Urinary protein quantification was
defined as a lab order (irrespective of completion) for any quan-
titative assessment of urinary protein excretion, to include a
24 h urine protein, a urine albumin-to-creatinine ratio (UACR)
or urine protein-to-creatinine ratio (UPCR). Determination of
ACEI or ARB treatment rates was limited to those with an indica-
tion based on proteinuria (for diabetics, UACR >30 mg/g creatin-
ine, UPCR >150 mg/g creatinine or 24 h urine protein >300 mg; for
non-diabetics, UACR >300 mg/g creatinine, UPCR >1000 mg/g or
24 h urine >1.0 g).

Outcomes

Study outcomes included death, CKD progression to Stage G4 (de-
fined as the first outpatient eGFR value <30 mL/min/1.73 m? after
the index date) and hospitalization for myocardial infarction or
heart failure (defined as a primary or secondary hospital dis-
charge diagnosis). Information on vital status for Geisinger pri-
mary care recipients is updated monthly by query of the
National Death Index [10].

Statistical analysis

Data are presented as mean and standard deviation (SD), or me-
dian and interquartile range (IQR), as appropriate for continuous
variables, and as frequency and percentage for categorical vari-
ables. Baseline comparisons among the three cohorts were made
using the Kruskal-Wallis non-parametric and Pearson’s Chi-
square tests, as appropriate. Screening and treatment rates were
defined for each group and reported as the number of screens/
treatments per 100 person-years. Rates of CKD progression, death
and hospitalization for cardiovascular events were determined for
each group and expressed as the number of events per 100 person-
years. Rates were gender-, age- and baseline eGFR-adjusted in
order to compare results across time periods. Adjusted incident
rate ratios were determined using Poisson regression, using the
2004-06 cohort as the reference. All analyses were performed
using Stata® 13 (Stata Corp, College Station, TX, USA).

Results

During Period 1 (1 January 2004-31 December 2006), Period 2
(1 January 2007-31 December 2009) and Period 3 (1 January
2010-31 December 2012), 728, 788 and 956 patients developed
CKD, respectively. Characteristics of the populations (Table 1)
were similar, with two exceptions: GFR was slightly higher at
entry over time (49, 49 and 50 mL/min/1.73 m? and systolic
blood pressure was lower (135, 130 and 130 mmHg).

Follow-up time for screening and treatment endpoints, num-
ber of events, and crude and adjusted rates are shown in Table 2.
During Periods 1, 2 and 3, both unadjusted and adjusted screen-
ing rates for proteinuria increased, as did statin treatment rates
and nephrology referral rates. ACEI/ARB treatment rates were
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Table 1. Characteristics of incident CKD patients at index date, by time period

Period 1 Period 2 Period 3

(2004-06) (2007-09) (2010-12)
Characteristic (N=728) (N=788) (N'=956)
Follow-up, years; median (IQR) 1.9 (1.5-2.4) 1.9 (1.5-2.5) 2.0 (1.4-2.4)
Age, years; mean (SD) 73.7 (9.7) 74.0 (9.6) 73.4 (11.0)
Female gender; % 60.9 59.8 61.0
Never-smoker; % 54.2 50.2 54.7
Diabetes; % 30.8 32.5 32.4
History of myocardial infarction; % 3.4 4.1 2.7
History of heart failure; % 154 12.2 12.0
History of stroke; % 7.0 6.4 53
ACEI prescription at cohort entry; % 32.6 345 339
ARB prescription at cohort entry; % 7.4 9.0 8.6
Number of primary care visits during 12 months prior 3 (2-5) 3 (2-5) 3 (2-4)

to cohort entry*; median (IQR)
Systolic*/diastolic blood pressure, mmHg; mean (SD)
eGFR*, mL/min/1.73 m? mean (SD)

135 (15)/72 (8)
49 (8)

130 (13)/71 (8)
49 (7)

130 (13)/71 (8)
50 (7)

*P<0.01.

Table 2. Crude and adjusted® screening and treatment rates among incident CKD patients, by time period

2004-06 2007-09 2010-12 P for trend

Proteinuria quantification

Person-years follow-up 1185 1308 1369

# Screened patients 211 289 449

Screening rate (95% CI), per 100 py 17.8 (15.6-20.4) 22.1(19.7-24.8) 32.8 (29.9-36.0) <0.001

Adjusted screening rate (95% CI), per 100 py 30.8 (27.0-58.3) 39.2 (35.0-43.9) 50.7 (46.3-55.5) <0.001
Statin treatment

Person-years follow-up 1073 1229 1366

# Treated patients 371 480 590

Treatment rate (95% CI), per 100 py 34.6 (31.2-38.3) 39.1 (35.7-42.7) 43.2 (39.8-46.8) 0.09

Adjusted treatment rate (95% CI), per 100 py 52.6 (47.5-58.3) 62.7 (57.3-68.5) 63.5 (58.6-68.9) <0.001
ACEI or ARB treatment

Person-years follow-up 106 153 137

# Treated patients 68 80 84

Treatment rate (95% CI), per 100 py 64.3 (50.7-81.5) 52.3 (42.0-65.1) 61.3 (49.5-76.0) 0.84

Adjusted treatment rate (95% CI), per 100 py 88.2 (67.6-115.0) 82.8 (64.3-106.8) 79.9 (61.8-103.2) 0.82
Nephrology referral

Person-years follow-up 1378 1521 1748

# Referred patients 12 20 48

Referral rate (95% CI), per 100 py 0.9 (0.5-1.5) 1.3 (0.8-2.0) 2.7 (2.0-3.6) <0.001

Adjusted referral rate (95% CI), per 100 py 1.7 (1.0-3.0) 2.6 (1.7-4.1) 5.2 (3.9-6.9) <0.001

Proteinuria screening and nephrology referral: n =728, 788 and 956 during Periods 1, 2 and 3, respectively. Statin treatment was limited to those aged 50 years and older at
entry: n=713, 773 and 930 during Periods 1, 2 and 3, respectively. ACEI or ARB treatment was limited to those with an indication (proteinuria): n =82, 102 and 115 during

periods 1, 2 and 3, respectively. CI, confidence interval; py, person-years.
aStandardized to a 73-year-old male with baseline eGFR of 49 mL/min/1.73 m?2.

relatively high throughout all periods, and there was no statistic-
ally significant change in ACEI/ARB treatment rates across the
time periods analyzed (Figure 1).

Follow-up time for each study endpoint, number of outcome
events and standardized incidence rates are shown in Table 3.
In both unadjusted and adjusted analyses, rates of all-cause mor-
tality, CKD progression, and cardiovascular hospitalization did
not change over time (adjusted rates: 6.6, 5.1 and 6.2 deaths per
100 person-years; 8.7, 9.8 and 7.4 CKD progressors per 100 person-
years; 9.9, 8.0 and 8.9 cardiovascular hospitalizations per 100
person-years). For each outcome, rates were lower (albeit not sig-
nificantly) in 2010-12 relative to 2004-06 (Figure 2).

Discussion

In this single integrated health care system, rates of proteinuria
screening, statin treatment and nephrology referral among
incident CKD patients increased between 2004 and 2012, a
trend suggestive of a more aggressive approach to CKD manage-
ment. Despite these trends, no significant improvement in rates
of CKD progression, mortality or cardiovascular hospitalization
was observed.

Urinary protein quantification is recommended for all pa-
tients with reduced eGFR [7]. Screening rates among those with
prevalent Stages 3 and 4 CKD vary widely, between 10 and 45%
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Fig. 1. Adjusted rate ratios for screening and treatment among incident CKD patients. Analyses are adjusted for age, gender and baseline eGFR. The y-axis scale for
‘Nephrology Referral’ differs from the scale used for the other three figures for purposes of legibility.

Table 3. Crude and adjusted® event rates among incident CKD patients, by time period

2004-06 2007-09 2010-12 P for trend

Mortality

Person-years follow-up 1378 1521 1748

# Deaths 73 63 89

Mortality rate (95% CI), per 100 py 5.3 (4.2-6.7) 4.1 (3.2-5.3) 5.1 (4.1-6.3) 0.67

Adjusted mortality rate (95% CI), per 100 py 6.6 (4.9-8.7) 5.1(3.8-6.9) 6.2 (4.8-8.1) 0.97
CKD progression

Person-years follow-up 1311 1472 1664

# CKD progressions 75 86 75

Incident rate (95% CI), per 100 py 5.7 (4.6-7.2) 5.8 (4.7-7.2) 4.5 (3.6-5.7) 0.07

Adjusted incident rate (95% CI), per 100 py 8.7 (6.7-11.4) 9.8 (7.7-12.5) 7.4 (5.7-9.5) 0.43
Cardiovascular hospitalization

Person-years follow-up 1379 1522 1750

# Hospitalizations 86 76 100

Hospitalization rate (95% CI), per 100 py 6.2 (5.0-7.7) 5.0 (4.0-6.3) 5.7 (4.7-7.0) 0.45

Adjusted hospitalization rate (95% CI), per 100 py 9.9 (7.7-12.6) 8.0 (6.2-10.3) 8.9 (7.0-11.2) 0.72

2Standardized to a 73-year-old male with baseline eGFR of 49 mL/min/1.73 m? CI, confidence interval; py, person-years.

depending on diabetic status and screening definitions [5, 6, 11,
12]. In our population of incident CKD Stage G3 patients, quanti-
fication rates of urinary protein excretion doubled over the study
period, but remained low in absolute terms; less than half of the
incident CKD population in 2010-12 underwent urinary protein
quantification. This rate is similar to an Australian cohort of

patients with established CKD in which 43% of patients had
undergone proteinuria assessment at the time of nephrology re-
ferral [5].

In contrast to our study, which found increasing rates of pro-
teinuria screening but stable rates of ACEI/ARB treatment, others
have identified changes in ACEI or ARB treatment patterns over
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Fig. 2. Adjusted rate ratios for mortality, CKD progression and cardiovascular hospitalization among incident CKD patients. Analyses are adjusted for age, gender and

baseline eGFR.

time. Although not limited to those with CKD, Tomlinson et al.
identified a 16% increased rate of ACEI or ARB prescribing over
the period 2007-11 in patients covered by the UK’s National
Health Service [13]. Differences may reflect the high baseline
rate of ACEI/ARB use in our health system, which has implemen-
ted a number of provider-targeted quality initiatives through the
electronic medical record to encourage optimization of clinical
care. These initiatives may also explain some of the increases
in proteinuria screening and nephrology referral, despite a con-
comitant increase in eGFR level.

Several factors may explain why more aggressive CKD man-
agement has not improved outcomes. First, longer follow-up
may be needed to capture the impact of more intensive manage-
ment at the population level. The median follow-up in this
analysis—1.9-2.0 years—may not be of sufficient duration to de-
tect a positive impact on clinical outcomes such as mortality and
CKD progression. With the exception of CKD progression, four to
five times the population sizes would have been needed to power
the mortality and cardiovascular endpoints for the modest differ-
ences in endpoint incidence we observed (post hoc sample size
estimation). Second, differences in characteristics across the
three cohorts not accounted for in our analyses may explain
some of the outcome trends. Third, more intensive screening
and treatment—derived largely from rigorously controlled clinic-
al trials—may not necessarily translate to real-world clinical en-
vironments such as this one.

Primary care physicians and nephrologists differ in their char-
acterization of risk among those with CKD, and this may influ-
ence practice patterns [14]. While nephrology referral has been
shown to improve adherence to CKD screening and treatment
guidelines [15, 16], and referral rates increased over the three
time periods, only a small fraction of these incident populations

was seen by a nephrologist, and this is not likely a contributing
factor to the improvements in management observed.

This study has several important limitations. First, the rela-
tively brief follow-up may not have been sufficient to detect
meaningful associations between screening and treatment and
clinical outcomes. Second, unaccounted for differences in popu-
lation characteristics across the three time periods may con-
found the results; in a similar fashion, temporally evolving care
patterns not tracked in this study may have also influenced the
outcomes of interest. With respect to nephrology referrals, the
data used for these analyses did not distinguish between com-
pleted and uncompleted referrals; while we expect from historic-
al data alow rate of uncompleted referrals, we cannot exclude the
possibility that uncompleted referrals biased the findings. Itis re-
cognized that late referrals to nephrologists may negatively im-
pact clinically relevant outcomes, and we have not accounted
for CKD progression at the time of referral in this analysis.
While the study population was receiving care in a large health
care system representative of the geographic region it serves,
the results from this single-center study may not be generaliz-
able to other populations. Screening rates may have been under-
estimated, as information on laboratory testing just prior to the
onset of CKD was not included in the analyses. Finally, serum cy-
statin C was not readily available as a routine clinical laboratory
test; the lack of its use may call into question the accuracy of
identification of Stage 3A CKD patients.

We chose to limit our analyses to incident CKD patients.
These observations are not generalizable to the larger prevalent
CKD population. Targeted identification and treatment of risk
factors among prevalent CKD patients may be an effective and
important risk reduction strategy; however, comparing temporal
management trends among prevalent populations is difficult,
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due to factors like disease duration and stability, which may in-
fluence care decisions made by providers. By focusing on inci-
dent CKD patients, this study provides information about care
patterns at the onset of disease, when interventions may allow
for even more effective prevention of cardiovascular and renal
complications, and lead-time bias is less influential.

In summary, we demonstrate increased rates of proteinuria
screening, statin treatment and nephrology referral among inci-
dent CKD patients between 2004 and 2012. The testing of inter-
ventions to enhance the kidney and cardiovascular risk profiles
of patients with early CKD should be coupled with longitudinal
assessment of clinical outcomes in order to determine the effi-
cacy of management strategies in real-world settings.
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