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Rationale & Objective: Patient awareness of dis-
ease is the first step toward effective management
and disease control. Awareness of chronic kidney
disease (CKD) has consistently been shown to be
low, but studies estimating patient awareness of
CKD have used different methods. We sought to
determine whether the estimated prevalence of
CKD awareness differed by the wording used to
ascertain awareness or by setting characteristics.

Study Design: Systematic review and meta-
analysis.

Setting & Study Populations: Adults with CKD
not receiving dialysis.

Selection Criteria for Studies: We included
studies that estimated CKD awareness, determined
CKD status by laboratory criteria, and provided the
exact questionwordingused toascertain awareness.

Data Extraction: 2 reviewers independently
extracted data for each study; discordance was
resolved by a third independent reviewer.

Analytical Approach: Mixed-effects models were
used to calculate pooled CKD awareness esti-
mates and 95% CIs.
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Results: 32 studies were included. Publication
year ranged from 2004 to 2017, with study pop-
ulations ranging from 107 to 28,923 individuals.
CKD awareness in individual studies ranged from
0.9% to 94.0%. Pooled CKD awareness was
19.2% (95% CI, 10.0%-33.6%) overall and was
26.5% (95% CI, 11.9%-48.9%) among individuals
with an estimated glomerular filtration
rate < 60 mL/min/1.73 m2. “Kidney problem” was
the most sensitive question for CKD awareness
(58.7%; 95% CI, 32.4%-80.8%); “weak or failing
kidneys” was the least sensitive (12.3%; 95% CI,
4.5%-29.4%). CKD awareness was highest among
patients from nephrology practices (86.2%; 95%
CI, 74.9%-93.0%) and lowest in the general pop-
ulation (7.3%; 95% CI, 5.0%-10.5%).

Limitations: Significant heterogeneity across
studies overall and among examined subgroups of
wording and study setting.

Conclusions: Differently worded questions may
lead to widely different estimates of CKD aware-
ness. Consistent terminology is likely needed to
most effectively surveil and leverage CKD aware-
ness to improve management and disease control.
Chronic kidney disease (CKD) affects more than 30
million adults in the United States,1 yet most

population-based studies indicate that a minority are aware
of having kidney disease. Despite broad public health ef-
forts,2-5 low patient awareness of CKD has persisted over
nearly 2 decades without substantive improvement.6

Underscoring the importance of CKD awareness, the Na-
tional Kidney Foundation, American Society of Nephrology,
and US Department of Health and Human Services jointly
announced a Public Awareness Initiative in 2019 as part of
the Advancing American Kidney Health executive order.7

To assess the impact of this initiative and facilitate
reliable national and local surveillance of CKD awareness,
determining a baseline on which to gauge improvement
and an understanding of how different methods can affect
estimates of CKD awareness are necessary. Prior studies of
CKD awareness have used differently worded questions to
describe kidney disease when ascertaining awareness,
including “chronic kidney disease,” “weak or failing kid-
neys,” and “kidney problem,” among others. These dif-
ferences in wording may contribute to variable estimates
of CKD awareness; few studies have simultaneously tested
more than 1 question. A single-center study in an urban
safety net primary care setting showed that estimates of
CKD awareness can vary based on the wording of the
question asked, with “kidney problem” associated with the
highest level of awareness (thus being the most sensitive)
and “kidney damage” being the least sensitive.8 Another
study comparing question wordings for ascertaining
awareness in a community-based population likewise
found “kidney problem” to be most sensitive.9

To examine the current state of CKD awareness and how
question wording or patient setting may affect ascertain-
ment of awareness, we conducted a systematic review and
meta-analysis.
METHODS

Search Strategy

We searched PubMed, EMBASE, Web of Science, Psy-
cINFO, and Sociological Extracts to identify research
reporting patient awareness of CKD status. Search terms
were developed in collaboration with an academic research
librarian to optimize search inclusivity. Details of the
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PLAIN-LANGUAGE SUMMARY
Most individuals with chronic kidney disease (CKD) are
unaware of having it, but studies of CKD awareness
have used variable methodologies. To examine the
current state of CKD awareness and how question
wording or study setting may affect ascertainment of
awareness, we systematically reviewed 32 studies of
CKD awareness. Studies were conducted across hospital,
primary care, nephrology clinic, and general population
settings, and they used varying terminology to ascertain
awareness of CKD, including “weak or failing kidneys,”
“kidney problem,” and “kidney disease.” We found
significant heterogeneity across studies, even after ac-
counting for setting and wording. Apart from studies
based in nephrology clinics, most studies reported low
(<50%) CKD awareness, underscoring a need for
greater public awareness efforts.

Chu et al
search strategy are provided in Item S1. The search strategy
did not include searching reference lists of included
studies. All databases were searched on June 24, 2019.

Study Selection

Studies were included if they: (1) were peer-reviewed
original research, (2) were published in English, (3)
were published in 2000 or later, (4) had a study popu-
lation of at least 100 participants, (5) provided the exact
wording of the question used to ascertain CKD awareness,
and (6) defined CKD using laboratory-based criteria
(estimated glomerular filtration rate [eGFR] at a mini-
mum). Conference abstracts, narrative reviews, editorials,
and commentaries were excluded. Given the focus on adult
awareness of CKD, we excluded studies of pediatric pop-
ulations and studies limited exclusively to individuals with
end-stage kidney disease.

Based on these criteria, each study abstract was screened
for eligibility by 2 of 3 independent reviewers (CDC,
MHC, and DST) using a standardized data abstraction
form. In cases of discordance regarding a study’s eligibility
between 2 reviewers, eligibility was determined by the
third reviewer. If no exclusion criteria were apparent from
an abstract, it was included for manuscript review.

Data Extraction

Full-text manuscript reviews and data extraction were
performed by 2 of 3 independent reviewers each (from
CDC, MHC, and DST) using a standardized data extraction
form, with discrepancies reconciled by the third reviewer.
Studies that did not meet eligibility criteria based on re-
view of the manuscript were excluded at this stage. Of the
remaining articles, data extraction included the study
setting (general population, hospital, primary care, or
nephrology clinic), years of data collection, criteria to
define CKD, question(s) used to define CKD awareness,
Kidney Med Vol 3 | Iss 4 | July/August 2021
estimate of CKD awareness prevalence, size of the study
population, and characteristics associated with greater CKD
awareness. If a study reported CKD awareness within
subgroups of CKD stage, the corresponding prevalence
estimates and subgroup sizes were also recorded. If a study
compared multiple questions for ascertaining CKD
awareness, awareness estimates corresponding to each
different question were recorded. For each study, we
assessed the risk of bias using the Joanna Briggs Institute
(JBI) critical appraisal checklist for descriptive cross-
sectional studies reporting prevalence data.10 The JBI
checklist assesses studies across 9 domains, including
considerations for appropriate sampling methods, identi-
fication of the condition under study, and statistical
analysis.

Statistical Analysis

Point estimates for CKD awareness were obtained from
each study, and 95% CIs were calculated for each preva-
lence estimate. Because multiple studies examined the
same study population, we retained only the largest study
in cases of overlapping study populations for our primary
analysis. To account for the fact that some studies reported
more than 1 estimate of CKD awareness (using differently
worded questions), we used mixed effects model to esti-
mate the pooled prevalence of CKD awareness, accounting
for the individual study as a random effect.11 Between-
study heterogeneity was assessed using Cochran Q test
for heterogeneity and I2 statistics. Prespecified subgroup
analyses were performed to explore heterogeneity
explained by subgroup effects and obtain pooled estimates
(subgroup summary effects) and 95% CIs of CKD aware-
ness by question wording and by study setting (general
population, hospital, primary care, and nephrology clinic).
For analyses of question wording, we excluded studies of
populations in non–English-speaking countries and
wordings used in fewer than 2 studies. Not all studies used
the same definition of CKD; thus, we conducted a sensi-
tivity analysis including only CKD awareness estimates
among individuals with eGFRs < 60 mL/min/1.73 m2. All
analyses were performed using Stata/MP, version 16.1
(StataCorp), and R, version 3.6.1 (R Foundation for Sta-
tistical Computing). We followed Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
statement guidelines for the conduct and reporting of this
systematic review and meta-analysis.12 Review methods
were established before conduct of the literature search
with no deviations from the protocol apart from the
addition of more robust procedures for assessing risk of
bias and between-study heterogeneity.
RESULTS

The search yielded 1,892 articles after duplicates were
removed (Fig 1). Based on screening of abstracts, 266
studies were retained for full-text manuscript review.
Following manuscript review, 32 articles were
577
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644 duplicates removed

1,892 abstracts screened

1,626 records excluded
137 published before 
2000

76 not English language

707 not assessing 
pa ent CKD awareness

524 non-CKD study 
popula on

182 not original research

266 full-text ar cles 
assessed for eligibility

234 records excluded
49 not original research
116 not assessing 
pa ent CKD awareness
2 non-CKD study 
popula on
17 fewer than 100 
par cipants
19 exact survey wording 
not available
11 CKD not defined by 
laboratory tes ng
20 manuscript 
unavailable

32 studies included

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram. Abbreviation: CKD, chronic
kidney disease.
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identified that satisfied inclusion criteria for data
abstraction.8,13-43 The full data abstraction table is
available in Table S1.

Populations Studied

Overall, studies examined 16 distinct source populations;
several data sourcesprovided the studypopulation formultiple
studies. Nine studies used the National Health and Nutrition
Examination Survey (NHANES), a continuously conducted,
nationally representative, cross-sectional survey of noninsti-
tutionalizedUScitizens.14,21,23,24,32–34,41,42YearsofNHANES
examined in these studies ranged from 1999 to 2012. Six
studies analyzed data collected by the Kidney Early Evaluation
Program (KEEP) study, a national health screening program
targeted toward adultswithhypertension, diabetes, or a family
history of kidney disease.30,31,35,38,39,43 Four articles reported
from the same study cohort based within 1 academic
nephrology practice.17-19,29

Most studies (n = 21) were surveys of the general
population.14,21,23,24,26–28,30-43 Four studies were based in
primary care clinics,8,13,16,25 and 5 were based in
nephrology clinics.17-20,29 Two studies examined CKD
awareness among hospitalized patients.15,22
578
Questions Used to Ascertain CKD Awareness

Among the 32 articles, multiple different question word-
ings were used to ascertain CKD awareness. The most
common question used for ascertaining CKD awareness
was, “Have you ever been told by a health care profes-
sional that you have kidney disease?” This question was
used by 6 studies of the KEEP cohort and 7 smaller studies.
The second most common question was, “Has a doctor,
nurse, or other health professional ever told you have weak
or failing kidneys? Do not include kidney stones, bladder
infection, or incontinence.” This question was used by the
9 studies analyzing NHANES and by 2 additional
studies.8,40 Other question wordings included “kidney
problem,” “kidney damage,” “chronic kidney disease,”
“impaired kidney function,” and “protein in the urine.”

Prevalence of CKD Awareness

We restricted meta-analyses to studies examining
nonoverlapping study populations, yielding a total of 18
studies (23 total estimates of CKD awareness because some
studies reported >1 estimate). In the overall meta-analysis
(Fig 2), the pooled summary estimate for CKD awareness
Kidney Med Vol 3 | Iss 4 | July/August 2021
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Figure 2. Meta-analysis of chronic kidney disease awareness prevalence. An individual study may be represented by more than 1
marker if it reported multiple estimates of awareness using different survey questions.
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was 19.2% (95% CI, 10.0%-33.6%). However, there was
significant heterogeneity among the estimates of CKD
awareness between studies (Cochran Q P < 0.001;
I2 = 99.8%). Reported estimates of CKD awareness among
all stages of disease severity ranged from 0.9% to 93.5%.
The highest estimates (69.3%-93.5%) were from a study
of prevalent outpatients in a nephrology practice19; the
highest estimate from a non-nephrology practice–based
study was 62.6% in a study of primary care patients
with diabetes.13 The lowest estimate of CKD awareness
(0.9%) was from a study of a community-based health
screening survey in rural Taiwan.28

In a subgroup analysis by question wording (Fig 3), a
total of 17 CKD awareness estimates were included using 4
different English question wordings: “kidney disease,”
“weak or failing kidneys,” “kidney problem,” and
“chronic kidney disease.” “Kidney problem” yielded the
highest pooled estimate for CKD awareness (58.7%; 95%
CI, 32.4%-80.8%), whereas “weak or failing kidneys”
yielded the lowest (12.3%; 95% CI, 4.5%-29.4%).
Although differences in the summary estimates by
wording subgroup were significant (P = 0.03), there
remained substantial residual heterogeneity not explained
by wording (P < 0.001; I2 = 99.2%).

When analyzed by study setting (Fig 4), pooled CKD
awareness was highest in the nephrology clinic setting
Kidney Med Vol 3 | Iss 4 | July/August 2021
(86.2%; 95% CI, 74.9%-93.0%) and lowest in the general
population (7.3%; 95% CI, 5.0%-10.5%). We found sig-
nificant subgroup heterogeneity by study setting
(P < 0.001), though again, significant heterogeneity
remained overall (P < 0.001; I2 = 98.2%).

In sensitivity analyses restricting to CKD defined by
eGFR < 60 mL/min/1.73 m2, there were 18 total esti-
mates of CKD awareness. Pooling estimates from these
studies (Fig S1) yielded a prevalence of CKD awareness of
26.5% (95% CI, 11.9%-48.9%). There was also significant
heterogeneity among these studies (P < 0.001;
I2 = 99.6%). Similar to our primary results, subgrouping
by question wording and study setting explained some of
the overall heterogeneity, but there remained significant
heterogeneity unexplained by subgroup effects (Figs S2
and S3). The comparative pooled prevalence of CKD
awareness by wording and by setting were the same as for
overall CKD, for which “kidney problem” and nephrology
clinic were associated with the highest CKD awareness.

Characteristics Associated With CKD Awareness

Studies that examined characteristics associated with CKD
awareness consistently found that increasing severity of
CKD (whether by lower eGFR or higher albuminuria) was
associated with greater awareness. In 1 NHANES study,
awareness was 41.8% in CKD G4 compared with 7.8% in
579
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Figure 3. Meta-analysis of chronic kidney disease awareness prevalence, grouped by terminology used to ascertain awareness. Het-
erogeneity by wording subgroup: “kidney disease” (P < 0.001; I2 = 99.4%), “weak or failing kidneys” (P < 0.001; I2 = 99.5%), “kidney
problem” (P < 0.001; I2 = 99.2%), and “chronic kidney disease” (P < 0.001; I2 = 99.5%). An individual study may be represented by
more than 1 marker if it reported multiple estimates of awareness using different survey questions.
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CKD G3,21 and in a KEEP study, awareness was 32.1%
compared with 5.4%, respectively, in CKD G4 versus CKD
G3.38 Comorbid conditions, including hypertension, dia-
betes, and cardiovascular disease, were also associated with
greater CKD awareness across multiple studies. The asso-
ciation between sex and CKD awareness was less consistent
because some reported greater CKD awareness with female
sex,16,42 whereas others reported that males were more
likely to be aware of CKD.27,28,40,41 Three studies reported
factors related to health care access that were associated
with greater CKD awareness, including having had a health
examination in the previous 2 years,26 having health in-
surance,13 and self-reported difficult access to care.43

Risk-of-Bias Assessment

We assessed the risk of bias of individual studies using the
JBI critical appraisal checklist (Table S2). Most included
studies (28 of 32) satisfied at least 7 of the 9 checklist
domains, suggesting a low overall risk of bias. All studies
580
had their target population appropriately framed, identi-
fied CKD using appropriate measures, and used appro-
priate statistical methods for reporting prevalence of CKD
awareness. Across all studies, the most common potential
sources of bias were unclear or bias-prone sampling
methods (ie, convenience sampling), unclear representa-
tiveness of sample subgroups (termed “coverage” in the
JBI checklist), and failure to report response rates or
manage low response rates.
DISCUSSION

In this systematic review of studies estimating CKD
awareness, we identified 32 reports providing a total of 39
estimates of CKD awareness in a variety of study pop-
ulations. Estimates of CKD awareness from these studies
demonstrate low awareness (pooled CKD awareness,
19.2%), with most studies reporting <50% of individuals
with CKD being aware of their condition.
Kidney Med Vol 3 | Iss 4 | July/August 2021
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Figure 4. Meta-analysis of chronic kidney disease awareness prevalence, grouped by study setting. Heterogeneity by setting sub-
group: general public (P < 0.001; I2 = 98.9%), primary care (P < 0.001; I2 = 99.3%), hospital (P < 0.001; I2 = 99.3%), and
nephrology clinic (P < 0.001; I2 = 98.9%). An individual study may be represented by more than 1 marker if it reported multiple es-
timates of awareness using different survey questions (numbered [1] weak or failing kidneys; [2] kidney disease; [3] kidney problem;
[4] kidney damage; [5] protein in the urine; [6] chronic kidney disease).
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Studies of CKD awareness often used the KDIGO (Kid-
ney Disease: Improving Global Outcomes) definitions for
CKD, which describe a heterogeneous population ranging
from advanced CKD with high cardiovascular and kidney
failure risk to very low-risk disease with preserved eGFR
(>60 mL/min/1.73 m2) but elevated albuminuria.44 In-
dividuals in the latter category comprise >40% of prevalent
CKD, but low albuminuria testing rates may preclude both
provider and patient awareness of CKD in this popula-
tion.1,45 As a result, reports of CKD awareness are typically
very low when such individuals are included in the de-
nominator. However, limiting analyses only to CKD
Kidney Med Vol 3 | Iss 4 | July/August 2021
defined by eGFR < 60 mL/min/1.73 m2 yielded modestly
higher awareness, from 19.2% to 26.5%. Even among
studies using the most sensitive wording to describe kid-
ney disease (“kidney problem”), only about two-thirds
(66.2%) of individuals with eGFRs < 60 mL/min/
1.73 m2 were found to be aware of CKD. Awareness has
been shown to be low even in individuals with CKD at
high risk for progression to end-stage kidney disease,6 and
it is disappointing to see this finding reproduced across
many studies in this systematic review.

We found a wide range of CKD awareness based on
wording, from pooled estimates of 12.3% (“weak or
581
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failing kidneys”) to 58.7% (“kidney problem”). In studies
that examined multiple questions simultaneously, greater
awareness was found with “kidney problem” compared
with “chronic kidney disease” in a nephrology clinic
setting (93.5% vs 69.3%).19 “Kidney problem” similarly
outperformed “weak or failing kidneys,” “kidney disease,”
and “kidney damage” in primary care settings (40.1% vs
33.2%, 27.7%, and 26.4%, respectively).8 These data are
consistent with results from a more recently published
study of community-dwelling adults with CKD that
demonstrated that “kidney problem” was the most sensi-
tive individual descriptor of CKD.9 However, in that same
study, a compound question asking about “weak kidneys,
failing kidneys, or kidney disease” was far more sensitive
than the individual descriptor, though still only 19.5% of
adults with CKD were aware when asked using this com-
pound question.9 In this review, 1 study evaluated the
potential performance of compound questions, finding
higher potential sensitivity when compared with individ-
ual descriptors: the best combination descriptor was esti-
mated to be “kidney problem, protein in the urine, or
kidney disease.”8 Although we did not have sufficient data
to conduct a pooled analysis of compound descriptors to
estimate CKD awareness, future studies should investigate
the potential added utility of compound questions for
assessing CKD awareness in surveillance efforts.

Of note, none of the studies based in English-speaking
countries used the “renal disease” wording. The broader
issue of nomenclature in kidney disease has received
greater attention recently as the subject of an international
consensus conference, which emphasized the importance
of a consistent patient-centered nomenclature for facili-
tating awareness, education, and self-management for
kidney disease.46 Accordingly, nomenclature guidelines
from this conference, informed extensively by results from
patient and caregiver focus groups,47 recommend avoiding
using “renal” when “kidney” could be appropriately
substituted.46 Beyond the recommendations about “renal,”
a consistent nomenclature that is aligned across domains of
clinical care, patient education, and public awareness
campaigns could also improve national surveillance efforts,
much of which has been based on studies using NHANES
given its continuous and nationally representative nature.48

However, although the NHANES questionnaire asks par-
ticipants to report whether they have been told of having
“diabetes” or “hypertension, also called high blood pres-
sure” (a compound descriptor), the questionnaire uses
“weak or failing kidneys” to assess kidney disease—an
imprecise descriptor that may not consistently correspond
to how clinicians describe CKD to patients, how clinicians
describe CKD to one another, or how kidney disease is
described in patient education materials. This may
contribute in part to the finding in NHANES that CKD
awareness has consistently been substantially lower than
awareness of hypertension or diabetes.6 With the Healthy
People 2030 initiative, CKD awareness continues to be
prioritized as a national public health objective by the US
582
Department of Health and Human Services.49 CKD
awareness has been further underscored as a goal in the
Public Awareness Initiative (as part of the Advancing
American Kidney Health executive order). Taken together,
there is a pressing need for a consistent nomenclature for
patients and clinicians that facilitates accurate measurement
for surveillance efforts. Perhaps a transition to new phra-
seology might include both old and new questions
allowing extrapolation of past to new phraseology.

The highest estimates of awareness were from studies in
the nephrology clinic setting; the lowest awareness esti-
mates were from surveys of the general population. This
result is unsurprising because studies in health care set-
tings—and particularly the nephrology clinic setting—are
likely to select for a population with greater engagement in
CKD care and more likely to be aware of CKD. Patient
awareness of CKD in the health care setting is critical for
engagement with clinicians about CKD education, which
can facilitate healthy self-management behaviors to reduce
progression or associated complications.50-52 In studies
based in health care settings in which CKD is diagnosed,
patient unawareness of CKD may represent a failure of
effective education or communication between clinicians
and patients. By contrast, survey-based studies (such as
NHANES), which examine the overall population outside
the health care setting, perform laboratory testing broadly
for participants and thus do not rely on clinicians having
diagnosed kidney disease in individual patients. Low esti-
mates of CKD awareness in NHANES may thus reflect in-
adequacies in kidney disease detection, communication of
the diagnosis to patients, or both. In this manner, studies
of CKD awareness in the general population are important
for surveillance and public health efforts. In both the
health care or general public settings, using consistent and
precise terminology for CKD diagnosis would likely be
beneficial for effective communication, education, and
surveillance.

This study had several limitations. There was significant
heterogeneity overall, and although we explored sources
of heterogeneity through subgroup analyses, there was
significant heterogeneity remaining across all examined
subgroups. As a result, overall and subgroup summary
estimates should be interpreted with caution. Some
wording variants were used by very few studies, pre-
cluding their inclusion in meta-analysis. There were
insufficient studies to reliably examine differences in ter-
minology within each study setting. Given the limited
number of wordings used in certain study settings, the
effects seen in pooled estimates for wording may reflect
some effect of setting (and vice versa). The generalizability
of this review may also be limited by our inclusion criteria
requiring studies to have at least 100 participants to limit
imprecise estimates from small studies. Requiring studies
to be published in 2000 or later is intended to increase
relevance to current trends and policies but could poten-
tially exclude informative earlier studies. Because of our
focus on how questions were asked, we required the exact
Kidney Med Vol 3 | Iss 4 | July/August 2021
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wording of the question used to ascertain awareness to be
provided by each study, recognizing that this may limit the
number of studies eligible. Although we required all
studies to define CKD using laboratory-based criteria (as
opposed to less reliable methods such as chart review or
diagnostic codes), the definition of CKD was variable
across studies (ie, inclusion of proteinuria or albuminuria
criteria), as was the severity of CKD in each study
population.

Although many of the studies reviewed have likely
informed public health and preventive care efforts for
patients with CKD, the 2019 Advancing American Kidney
Health initiative and the accompanying Public Awareness
campaign have refocused and reinforced attention on CKD
awareness as a priority in the cascade of delivering effec-
tive care to populations at risk for kidney disease. Going
forward, reliable surveillance is contingent on identifying
the most meaningful ways to ascertain CKD awareness, as
well as developing ways to leverage awareness to advance
patient engagement and health—a scenario unlikely to be
realized if studies and surveillance of CKD awareness
continue to rely on questions using insensitive wording
and an incomplete understanding of the multiple de-
terminants affecting awareness.
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What is the impact of different patient-oriented questions 
and study settings on estimates of CKD awareness?

Conclusion: Differently worded questions may lead to widely different estimates 
of CKD awareness. Consistent terminology is needed to most effectively surveil 
and leverage CKD awareness to improve management and disease control.
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