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Note: Total study population=3,411 and total number of CKD cases=263.

Figure 1. | Number, percentage, and distribution of individuals to be screened for CKD (N) and CKD cases detected (n) in the three screening
approaches. Total study population: N=3411; total number of CKD cases, n=263.
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Figure 2. | Age- and sex-adjusted hazard rates (with 95% confidence interval) for cardiovascular disease (CVD) events in individuals with
CKD that were detected (light gray bars) or not detected (dark gray bars) per screening approach, with individuals without CKD at baseline
(white bar) as reference. N, number of individuals; n, number of events; SES, socioeconomic status. *P<0.05 compared with non-CKD in-
dividuals; x=P<0.05 compared with detected CKD cases for the same approach.

population identified an additional 23% of all patients
with CKD present in the general population. However, these
individuals were at relatively low risk for future CVD events
(Figure 2).

Adding individuals with low SES to the traditional target
population for CKD screening (Approach 3) led to detection
of 51% of all CKD cases. Approach 3 not only detected CKD
cases that were at high risk for CKD-related complications but
also resulted in delineating a group of undetected CKD cases
with a relatively good prognosis compared with nondetected
CKD cases in Approach 2, particularly for CVD complica-
tions. The higher percentage of smokers among individuals

identified by Approach 3 might be a reason for a better pre-
diction of CVD complications compared with the other ap-
proaches. Identifying a higher percentage of smokers is
therefore an additional benefit of Approach 3.

In an additional analysis, we examined the yield of screening
when adding low-income individuals instead of low-education
individuals to the traditional target population for CKD
screening. This led to essentially similar results, except that
adding individuals with low education led to detection of
more CKD cases than did adding individuals with low in-
come. We also examined the yield of adding the elderly and
individuals with low SES to the traditional target population
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Figure 3. | Age-and sex-adjusted rates of eGFR decline (with 95% confidence interval) in individuals with CKD that were detected (light gray
bars) or not detected (dark gray bars) per screening approach, with individuals without CKD at baseline (white bar) as reference. N, number
of individuals. *P<0.05 compared with non-CKD individuals; x=P<<0.05 compared with detected CKD cases for the same approach.

for CKD screening. The number of individuals needed to
screen to identify one CKD case in this approach was similar
to that seen in Approach 3 (7 and 6.5, respectively). This
approach also makes a good distinction regarding prognosis
among detected and undetected CKD cases as Approach 3.
However, given the current reluctance to add new high-risk
groups to be screened for CKD, it seems unlikely that two
risk groups will be added simultaneously for CKD screening
in the near future.

We found that identified CKD cases were predominantly
defined on the basis of increased albuminuria and that these
had relatively high eGFRs. Identifying such CKD cases
may be of particular interest from a screening perspec-
tive because even moderately increased albuminuria is a
marker of increased risk for mortality and adverse renal out-
comes, independent of renal function (23,24). Furthermore,
intervening in individuals with still-preserved kidney func-
tion has the potential to delay renal failure more efficiently
than in patients with CKD with already impaired kidney
function.

Implementation of additional screening for CKD among
elderly persons or low-SES groups necessitates the collection
of information on age and SES of individuals. Information
on age is routinely collected and its operationalization is
straightforward. Information on SES can also be collected
relatively easily, in particular when it is measured by
education level. However, SES can be defined and measured
in various ways (e.g., by income, education, occupation, and
neighborhood characteristics) (25). Moreover, there is no es-
tablished threshold to define low SES (25,26). We have pre-
viously shown that the optimal SES measure to identify CKD
cases may vary regionally, depending on circumstances such
as costs of access to health care (12). These considerations

indicate that region-specific operationalization of SES will
be needed to obtain an optimal yield from a screening ap-
proach involving individuals with low SES.

Important strengths of our study are, first, that we as-
sessed eGFR and albuminuria using the gold standards for
population studies (i.e., serum creatinine and cystatin C to
estimate GFR and 24-hour UAE to assess albuminuria). This
triple-marker approach has been shown to be the most ac-
curate in defining CKD. Second, we used an optimized SES
measure (i.e., education) to define low SES. Finally, to assess
future adverse health outcomes, we followed individuals
for a relatively long period (almost 10 years).

Our study also has some limitations. First, the power of
our study to detect differences in prognosis between de-
tected and undetected CKD cases was relatively limited.
Second, our study population may not be representative of
populations of other countries, as populations can differ
across countries socioeconomically, racially/ethnically,
and with respect to the prevalence of known versus un-
known diabetes mellitus and hypertension. Our findings
should be confirmed in other populations. However, be-
cause our study was conducted in a representative sam-
ple of the Dutch population, characterized by a relatively
high SES and high percentages of known diabetes and
hypertension, our encouraging results may be even better
in other populations. Third, examined individuals volun-
teered to participate in an observational study and thus
are usually healthier than people who do not participate.
Therefore, the yield of screening and the risk for adverse
outcomes might be underestimated. However, this might
also occur in actual population screening programs (27)
and is therefore unlikely to have biased our results to a
large extent.
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For CKD screening, adding elderly persons or low-SES
groups to the traditional target populations for CKD screen-
ing will lead to an increase in workload for health services as
the number of individuals needed to be screened increases.
Moreover, the CKD cases that are detected require interven-
tion to prevent CKD progression and cardiovascular com-
plications. Comprehensive cost-effectiveness analyses are
needed to assess whether the associated costs are in balance
with the benefits regarding prevented CKD and CVD events.
Our data provide important information to start such studies,
as well as information for public health policy makers
regarding optimization of strategies for detecting CKD.

In conclusion, our study shows that adding individuals
with low SES rather than adding elderly persons to the
traditional target population for CKD screening might be
helpful in detecting more patients with CKD who have a
high risk for future CVD events as well as renal function
decline. Confirmation of these results in other populations
and cost-effectiveness studies are needed to indicate
whether screening individuals with low SES for CKD is
justified.

Acknowledgments

We thank individuals who participated in the Prevention of Renal
and Vascular End-stage Disease (PREVEND) studies and the staff
that helped in data collection.

This study did not receive any specific funding. All authors re-
ceived funding from their respective institutes. PREVEND is funded
by the Dutch Kidney Foundation.

The funding bodies had no role in the design and conduct of the
study, in the collection, analysis, and interpretation of the data, or in
the decision to publish the manuscript.

The abstract of this manuscript was published in the abstract
supplement of the American Society of Nephrology-Kidney Week
2014.

Disclosures
None.

References

1. Weiner DE, Tighiouart H, Amin MG, Stark PC, MacLeod B,
Griffith JL, Salem DN, Levey AS, Sarnak MJ: Chronic kidney
disease as a risk factor for cardiovascular disease and all-cause
mortality: A pooled analysis of community-based studies. ] Am
Soc Nephrol 15: 1307-1315, 2004

2. Sarnak MJ, Levey AS, Schoolwerth AC, Coresh J, Culleton B,
Hamm LL, McCullough PA, Kasiske BL, Kelepouris E, Klag M,
Parfrey P, Pfeffer M, Raij L, Spinosa DJ, Wilson PW; American
Heart Association Councils on Kidney in Cardiovascular Dis-
ease, High Blood Pressure Research, Clinical Cardiology, and
Epidemiology and Prevention: Kidney disease as a risk factor for
development of cardiovascular disease: A statement from the
American Heart Association Councils on Kidney in Cardiovas-
cular Disease, High Blood Pressure Research, Clinical Car-
diology, and Epidemiology and Prevention. Circulation 108:
2154-2169, 2003

3. St Peter WL, Khan SS, Ebben JP, Pereira BJ, Collins AJ: Chronic
kidney disease: The distribution of health care dollars. Kidney Int
66:313-321, 2004

4. deJong PE, Curhan GC: Screening, monitoring, and treatment of
albuminuria: Public health perspectives. | Am Soc Nephrol 17:
2120-2126, 2006

5. Kidney Disease:Improving Global Outcomes (KDIGO) CKD
Work Group: KDIGO 2012 clinical practice guideline for the
evaluation and management of chronic kidney disease. Kidney
Int Suppl 3: 1-150, 2013

18.

20.

21.

22.

Elderly Patients, Socioeconomic Status, and CKD, Vart et al. 569

. Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, Hogg

RJ, Perrone RD, Lau J, Eknoyan G; National Kidney Foundation:
National Kidney Foundation practice guidelines for chronic
kidney disease: Evaluation, classification, and stratification. Ann
Intern Med 139: 137-147, 2003

. Crews DC, Charles RF, Evans MK, Zonderman AB, Powe NR:

Poverty, race, and CKD in a racially and socioeconomically
diverse urban population. Am J Kidney Dis 55: 992-1000, 2010

. Crews DC, McClellan WM, Shoham DA, Gao L, Warnock DG,

Judd S, Muntner P, Miller ER, Powe NR: Low income and
albuminuria among REGARDS (Reasons for Geographic and
Racial Differences in Stroke) study participants. Am J Kidney Dis
60: 779-786, 2012

. Hsu CY, Iribarren C, McCulloch CE, Darbinian J, Go AS: Risk

factors for end-stage renal disease: 25-year follow-up. Arch In-
tern Med 169: 342-350, 2009

. Lash JP, Go AS, Appel L), HeJ, Ojo A, Rahman M, Townsend RR,

Xie D, Cifelli D, Cohan J, Fink JC, Fischer M], Gadegbeku C,
Hamm LL, Kusek JW, Landis JR, Narva A, Robinson N, Teal V,
Feldman HI; Chronic Renal Insufficiency Cohort (CRIC) Study
Group: Chronic Renal Insufficiency Cohort (CRIC) Study: Base-
line characteristics and associations with kidney function. Clin J
Am Soc Nephrol 4: 1302-1311, 2009

. Choi Al, Weekley CC, Chen SC, Li S, Tamura MK, Norris KC,

Shlipak MG: Association of educational attainment with chronic
disease and mortality: The Kidney Early Evaluation Program
(KEEP). Am J Kidney Dis 58: 228-234, 2011

. Vart P, Gansevoort RT, Coresh J, Reijneveld SA, Biiltmann U:

Socioeconomic measures and CKD in the United States and The
Netherlands. Clin ] Am Soc Nephrol 8: 1685-1693, 2013

. Lambers Heerspink HJ, Brantsma AH, de Zeeuw D, Bakker SJL,

de Jong PE, Gansevoort RT, PREVEND Study Group: Albuminuria
assessed from first-morning-void urine samples versus 24-hour
urine collections as a predictor of cardiovascular morbidity and
mortality. Am J Epidemiol 168: 897-905, 2008

. Expert Committee on the Diagnosis and Classification of Di-

abetes Mellitus: Report of the expert committee on the diagnosis
and classification of diabetes mellitus. Diabetes Care 26[Suppl
1]: §5-520, 2003

. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA,

1zzoJL Jr, Jones DW, Materson BJ, Oparil S, WrightJT Jr, Roccella
EJ; Joint National Committee on Prevention, Detection, Evalua-
tion, and Treatment of High Blood Pressure. National Heart,
Lung, and Blood Institute; National High Blood Pressure Edu-
cation Program Coordinating Committee: Seventh report of the
Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure. Hypertension 42: 1206~
1252, 2003

. Levey AS, de Jong PE, Coresh J, El Nahas M, Astor BC, Matsushita

K, Gansevoort RT, Kasiske BL, Eckardt KU: The definition,
classification, and prognosis of chronic kidney disease: A
KDIGO Controversies Conference report. Kidney Int 80: 17-28,
2011

. Inker LA, Schmid CH, Tighiouart H, Eckfeldt JH, Feldman Hl,

Greene T, Kusek JW, Manzi J, Van Lente F, Zhang YL, Coresh J,
Levey AS; CKD-EPI Investigators: Estimating glomerular filtration
rate from serum creatinine and cystatin C. N Engl ] Med 367: 20—
29,2012

The Netherlands Institute for Social Research. Available at: http://
www.scp.nl/english Accessed October 19, 2014

. van der Velde M, de Jong PE, Gansevoort RT: Comparison of the

yield of different screening approaches to detect chronic kidney
disease. Nephrol Dial Transplant 25: 3222-3230, 2010

Hallan SI, Dahl K, Oien CM, Grootendorst DC, Aasberg A,
Holmen J, Dekker FW: Screening strategies for chronic kidney
disease in the general population: Follow-up of cross sectional
health survey. BMJ333: 1047, 2006

Anderson S, Halter JB, Hazzard WR, Himmelfarb J, Horne FM,
Kaysen GA, Kusek JW, Nayfield SG, Schmader K, Tian Y,
Ashworth JR, Clayton CP, Parker RP, Tarver ED, Woolard NF, High
KP; workshop participants: Prediction, progression, and out-
comes of chronic kidney disease in older adults. ] Am Soc
Nephrol 20: 1199-1209, 2009

Hemmelgarn BR, Zhang J, Manns BJ, Tonelli M, Larsen E,

Ghali WA, Southern DA, McLaughlin K, Mortis G, Culleton BF:


http://www.scp.nl/english
http://www.scp.nl/english

570 Clinical Journal of the American Society of Nephrology

23.

24.

25.

26.

Progression of kidney dysfunction in the community-dwelling
elderly. Kidney Int 69: 2155-2161, 2006

Matsushita K, van der Velde M, Astor BC, Woodward M, Levey
AS, de Jong PE, Coresh J, Gansevoort RT; Chronic Kidney
Disease Prognosis Consortium: Association of estimated
glomerular filtration rate and albuminuria with all-cause

and cardiovascular mortality in general population cohorts:
A collaborative meta-analysis. Lancet 375: 2073-2081,

2010

Gansevoort RT, Matsushita K, van der Velde M, Astor BC,
Woodward M, Levey AS, de Jong PE, Coresh J; Chronic Kidney
Disease Prognosis Consortium: Lower estimated GFR and higher
albuminuria are associated with adverse kidney outcomes. A
collaborative meta-analysis of general and high-risk population
cohorts. Kidney Int 80: 93-104, 2011

Krieger N, Williams DR, Moss NE: Measuring social class in US
public health research: Concepts, methodologies, and guide-
lines. Annu Rev Public Health 18: 341-378, 1997

Braveman PA, Cubbin C, Egerter S, Chideya S, Marchi KS,
Metzler M, Posner S: Socioeconomic status in health re-

search: One size does not fit all. JAMA 294: 2879-2888,
2005

27. von Wagner C, Good A, Wright D, Rachet B, Obichere A,
Bloom S, Wardle J: Inequalities in colorectal cancer screening
participation in the first round of the national screening
programme in England. BrJ Cancer 101[Suppl 2]: S60-S63,
2009

Received: September 10, 2014 Accepted: December 22, 2014

Published online ahead of print. Publication date available at www.
cjasn.org.

This article contains supplemental material online at http:/ /cjasn.
asnjournals.org/lookup/suppl/doi:10.2215/CJN.09030914 /- /
DCSupplemental.

See related editorial, “To Screen or Not to Screen: That Is Not (Yet)
the Question,” on pages 541-543.


http://www.cjasn.org
http://www.cjasn.org
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.09030914/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.09030914/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.09030914/-/DCSupplemental

Supplemental material

Added Value of Screening for Chronic Kidney Disease among Elderly or Persons with Low

Socioeconomic Status

Content:

1. The result of adding elderly and low SES individuals, together, to the traditional
CKD screening approach

2. The result of additional screening low SES individuals when defined using income
levels to the traditional CKD screening approach



1)

2)

3)

4)

The result of adding elderly and low SES individuals, together, to the traditional

CKD screening approach

Population screened
Number=1,181
Percentage=35

CKD cases detected
Number=178
Percentage=68 (95% confidence Interval (Cl): 62 - 73)

Rate of incident cardiovascular disease events (age and gender adjusted)

In detected CKD cases compared to non-CKD subjects:

[Hazard Ratio (HR) =1.90, 95% CI: 1.38 — 2.62, p<0.001]

In undetected CKD cases compared to non-CKD subjects):

[HR=1.74, CI: (0.82 — 3.72), p=0.15]

P for difference between detected and undetected CKD cases (p<0.001)

Rate of renal function decline (age and gender adjusted)

In detected CKD cases vs. non-CKD subjects:

-1.30 ml/min/1.73m?vs. -0.90 ml/min/1.73m? (p<0.001)

In undetected CKD cases vs. non-CKD subjects:

-1.18 ml/min/1.73m?vs. -0.90 ml/min/1.73m? (p<0.001)

P for difference between detected and undetected CKD cases (p=0.103)



1)

2)

3)

4)

The result of additional screening low SES individuals when defined using income
levels to the traditional CKD screening approach

Population screened
Number=872
Percentage=26

CKD cases detected
Number=113
Percentage=43 (95% Cl: 37 - 49)

Rate of incident cardiovascular disease events (age and gender adjusted)
In detected CKD cases compared to non-CKD subjects:

[Hazard Ratio (HR) =2.36, 95% Cl: 1.64 — 3.41, p<0.001]

In undetected CKD cases compared to non-CKD subjects):

[HR=1.48, CI: (0.98 — 2.26), p=0.07]

P for difference between detected and undetected CKD cases (p=0.07)

Rate of renal function decline (age and gender adjusted)

In detected CKD cases vs. non-CKD subjects:

-1.56 ml/min/1.73m?vs. -0.90 ml/min/1.73m? (p<0.001)

In undetected CKD cases vs. non-CKD subjects:

-1.07 ml/min/1.73m?vs. -0.90 ml/min/1.73m? (p<0.001)

P for difference between detected and undetected CKD cases (p=0.092)



