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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

Figure 1. | Number, percentage, and distribution of individuals to be screened for CKD (N) andCKD cases detected (n) in the three screening
approaches. Total study population: N=3411; total number of CKD cases, n=263.

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.
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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.

Figure 3. | Age- and sex-adjusted rates of eGFRdecline (with 95%confidence interval) in individualswithCKD thatwere 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.
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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.
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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 
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1. The result of adding elderly and low SES individuals, together, to the traditional 

CKD screening approach 

 

1) Population screened  

Number=1,181  

Percentage=35 

 

2) CKD cases detected 

Number=178  

Percentage=68 (95% confidence Interval (CI): 62 ‐ 73) 

 

3) 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) 

 

4) Rate of renal function decline (age and gender adjusted) 

In detected CKD cases vs. non‐CKD subjects:  

‐1.30 ml/min/1.73m2 vs. ‐0.90 ml/min/1.73m2 (p<0.001) 

In undetected CKD cases vs. non‐CKD subjects:  

‐1.18 ml/min/1.73m2 vs. ‐0.90 ml/min/1.73m2 (p<0.001) 

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

   



3 
 

2. The result of additional screening low SES individuals when defined using income 

levels to the traditional CKD screening approach 

 

1) Population screened 

Number=872  

Percentage=26 

 

2) CKD cases detected 

Number=113  

Percentage=43 (95% CI: 37 ‐ 49) 

 

3) 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% CI: 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) 

 

4) Rate of renal function decline (age and gender adjusted) 

In detected CKD cases vs. non‐CKD subjects:  

‐1.56 ml/min/1.73m2 vs. ‐0.90 ml/min/1.73m2 (p<0.001) 

In undetected CKD cases vs. non‐CKD subjects:  

‐1.07 ml/min/1.73m2 vs. ‐0.90 ml/min/1.73m2 (p<0.001) 

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

 

 

 


