
Awareness of Chronic Kidney Disease among Patients and
Providers

Laura C. Plantinga, ScM, Delphine S. Tuot, MD CM, and Neil R. Powe, MD, MPH, MBA
Department of Medicine, San Francisco General Hospital and University of California, San
Francisco, CA

Abstract
Earlier recognition of chronic kidney disease (CKD) could slow progression, prevent complications,
and reduce cardiovascular-related outcomes. However, current estimates of CKD awareness indicate
that both patient- and provider-level awareness remain unacceptably low. Many of the factors that
are possibly associated with CKD awareness, which could help guide implementation of awareness
efforts, have yet to be fully examined. Also, little is known regarding whether increased patient or
provider awareness improves clinical outcomes or whether there are possible negative consequences
of awareness for CKD patients. Further research is necessary to continue to design and refine
awareness campaigns aimed at both patients and providers, but there is an immediate need for
dissemination of basic CKD information, given both the high prevalence of CKD and its risk factors
and the low estimated awareness of CKD.
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Introduction
Chronic kidney disease (CKD) is a common and growing problem worldwide; in the United
States, >10% of adults showing some evidence of kidney damage and/or reduced kidney
function (1). Identification of CKD requires recognition of individual risk and appropriate
laboratory testing (serum creatinine and/or urinary protein) (2), since symptoms generally do
not manifest in earlier stages of CKD; however, earlier-stage CKD can lead to several
complications, such as anemia and bone mineral metabolism disorders, and poor outcomes,
including cardiovascular events, morbidity, and mortality (3), in addition to progression to end-
stage renal disease (ESRD), requiring dialysis or transplant for survival. Despite these known
adverse consequences of CKD, the majority of persons with the disease, especially prior to
ESRD, remain unaware of their disease (4–6). Awareness of CKD remains unacceptably low,
despite recent attempts to increase awareness through dissemination of clinical practice
guidelines and recommendations for patients with CKD or its risk factors to providers (7–9),
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community awareness events such as World Kidney Day (10,11), and free screening efforts
for high-risk individuals like the Kidney Early Evaluation Program (KEEP) (12,13). Earlier
recognition of CKD could slow progression of CKD, prevent complications, and reduce
cardiovascular-related outcomes; additionally, early referral to a nephrologist has been shown
to improve outcomes for those who progress to end-stage renal disease (14–17).

Here, we review previous work in CKD awareness and examine the need for future research
to guide the implementation of further dissemination and policymaking efforts. CKD
awareness can be broadly categorized as community- or patient-level awareness and provider-
level awareness, each of which is discussed in detail below. However, as shown in Figure 1,
it should be noted that the two types of awareness are far from independent. Although patients
may have general knowledge of CKD and be aware of their individual risk, they cannot know
their individual CKD status or obtain appropriate treatment without provider awareness,
testing, and communication; additionally, patient requests for testing based on perceived risk
could increase provider awareness. Because CKD awareness can be defined as knowledge of
CKD and its causes, risk factors, appropriate treatment, and consequences and also as
knowledge of disease risk and status, the terms “awareness” and “knowledge” are used
interchangeably throughout.

Patient Awareness of CKD
Patient-level CKD awareness includes both general knowledge of CKD, its risk factors, and
consequences and understanding of individual risk and CKD status. Figure 2 shows that
awareness of CKD status is dependent on understanding of individual risk, which in turn
depends upon general knowledge of CKD. Failure to achieve adequate levels of awareness at
each phase likely precludes becoming aware at the next phase; however, the converse, that
achieving adequate knowledge will guarantee the next phase of awareness, does not hold.
Various psychological and other factors (Figure 2; Table 1) may still prevent the patient from
understanding information to which they have been exposed and from acting appropriately
upon CKD awareness to improve self-management strategies and, ultimately, clinical
outcomes. All these inter-relationships and factors must be considered in measurement and
evaluation of patient awareness.

Prevalence of patient-level CKD awareness
Measures of patient-level CKD awareness—Patient-level CKD awareness can be
measured in multiple, complementary ways. Knowledge of CKD can be ascertained through
ability to provide a correct definition for CKD or correctly naming risk factors, symptoms, and
diagnostic tests for CKD. Perceived individual risk or susceptibility to CKD can be assessed
through binary or graded questionnaire items. Studies of awareness of CKD status require both
questionnaire items ascertaining whether the individual is aware that they have CKD and
laboratory or diagnostic data to confirm the individual’s CKD status. Such questionnaire items
can be difficult to construct and validate, given the variation in medical terminology used to
describe CKD (18). For example, in National Health and Nutrition Examination Survey
(NHANES) the question “Have you ever been told by a healthcare provider that you have weak
or failing kidneys?” is used to assess awareness; while the language of the item is likely easily
understood by most survey participants, it is also unlikely that all individuals with albuminuria
or slightly reduced kidney function have been told that their kidneys are failing. Additionally,
comparison of knowledge, perceived risk, and awareness of CKD status to demographics,
socioeconomic, healthcare access, clinical (including presence of CKD and its risk factors),
and psychological factors, or association of CKD awareness with outcomes, requires that many
elements be included in a single study. Because few studies have been designed to specifically
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measure CKD awareness, most studies have reported on a portion of possible factors and
outcomes, and no studies to date have measured all three phases of awareness simultaneously.

Estimates of patient-level CKD awareness—Knowledge of CKD has been found to be
quite low across populations. In a survey of urban African-American adults, <3% named kidney
disease as an important health problem, compared to 61% and 55% naming hypertension and
diabetes, respectively (19). Additionally, fewer than half of those surveyed could define kidney
disease, one-quarter could name a diagnostic test, and 7% knew that protein in the urine was
a sign of kidney disease. Only 18%, 14%, 12% and 2% knew that African-American race,
diabetes, hypertension and family history of CKD, respectively, were risk factors for the
development or progression of CKD (19). In a study of Australian adults with diabetes,
knowledge of risk factors was even lower, with only 9% and 3% naming diabetes and
hypertension, respectively, as risk factors for CKD (20).

Perceived individual risk of CKD has also been estimated to be quite low. In the urban African-
American survey by Waterman et al. (19), only 26% of those with CKD or its risk factors
(diabetes, hypertension, or family history of CKD) felt their risk of CKD was “higher than
average,” and, perhaps more disturbingly, 52% felt their risk was “lower than average.” In a
survey of primary care patients in Maryland at high risk for CKD due to hypertension (21),
African-American race, and high rates of uncontrolled blood pressure and diabetes, only 20%
felt “very likely” to develop CKD and 33% were “very concerned” about developing CKD,
when, in fact, nearly one-third of the surveyed population already had CKD.

Finally, as expected given the low rates of general CKD knowledge and perceived risk among
susceptible individuals, most estimates of awareness of disease among those with CKD have
been low. In a nationally representative survey of U.S. adults, awareness of disease among
those with CKD was <10% overall and <40% even for those with CKD stage 4 (Figure 3); the
prevalence of awareness did not show signs of increasing over the period from 1999 to 2006
(4). In a similar survey in Taiwan, reported awareness of CKD, using the same survey item,
was 8% and 25% among those with CKD stages 3 and 4, respectively, reporting being told by
a provider that they have weak or failing kidneys (22). In the KEEP study, which specifically
targeted high-risk U.S. patients for CKD screening, rates of awareness were similarly low, with
<10% being aware, even among those with diabetes (23,24). Reported awareness in cohort
studies did not differ dramatically: in a U.S. cohort study in older adults, <10% of individuals
with eGFR<60 ml/min/1.73 m2 reported being told that they had kidney disease (25); while in
another cohort study of primarily African-Americans, awareness was 16% (26).

Factors associated with patient-level CKD awareness
Demographic factors—From the limited data available thus far, age of the patient with or
at high risk for CKD appears to be unrelated to understanding of personal risk (21) and CKD
status (4), although increased age may be associated with greater awareness among African-
Americans (Table 1) (26). Understanding of personal risk does not seem to differ by gender
(21); however, males with CKD were more likely than females in the United States to be aware
of their disease status (12% vs. 5%) (4), likely due to their higher (and more recognizable as
abnormal) creatinine levels in the presence of CKD. eGFR reporting by laboratories and
refinement of estimating equations (27,28) may close this gender gap over time. Minority race,
and particularly African-American race, is also associated with greater awareness of risk and
CKD status (4,21), perhaps due to greater physician recognition and higher likelihood of having
family members or friends with CKD.

Socioeconomic factors—Current literature suggests that income and level of education
are unrelated to awareness of personal risk or CKD status, after adjustment for other factors
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(4,21), but the association of these factors with general knowledge of CKD has not been
examined. Additionally, many other social factors, such as marital status, level of social
support, and having friends or acquaintances with CKD (possibly mediated by neighborhood
effects), have yet to be examined in relation to awareness of CKD.

Healthcare access—Few aspects of healthcare access have been studied in association with
CKD awareness. Having a routine provider and health insurance were not associated with
awareness of CKD status (4) (Table 1). Health literacy is just beginning to be explored in CKD
but does appear to be positively associated with understanding of personal CKD risk (21);
health numeracy (29), which describes an individual’s ability to understand numbers as they
relate to health (e.g., interpretation of test results, calculation of dosages, and understanding
of dietary portions and nutrients), is likely to be quite important in CKD awareness and self-
management but remains unexplored. Provider factors, such as provider knowledge of CKD
and effectiveness of provider communication, which may depend on both the provider’s skills
and other factors like race/ethnicity concordance with the patient (30), have not been studied
in regards to CKD awareness. Language and cultural barriers to CKD awareness may also
exist. Finally, the effect of exposure to health-related media, through which most awareness
campaigns would operate, on patient CKD awareness has not been explored.

Clinical factors—Family history of CKD and having diabetes and hypertension appear to
be associated with increased (albeit still unacceptably low) levels of CKD knowledge and
understanding of risk (19,21), and those with diabetes and hypertension were more likely to
be aware of their CKD (4) than those without these conditions in a national survey, although
the association was not found for diabetes in a screening study targeting high-risk patients
(24) (Table 1). Cohort studies have shown that presence of cardiovascular disease also seems
to be associated with greater levels of CKD status awareness (25,26). Regardless of study type,
increased severity of CKD appears universally associated with greater awareness of disease
status (4,22,23,25,26), providing some face validity to the measures of awareness used;
presence of proteinuria was also associated with greater awareness (4), perhaps due to increased
symptoms in these individuals. However, presence of CKD symptoms has not been explored
as a predictor of CKD awareness, nor has total number or severity of comorbid conditions.
Obesity and physical activity thus far have mostly neutral associations with CKD awareness,
after adjustment for other factors (4,21,26).

Psychological factors—Currently, issues of denial, worry, and fatalistic attitudes remain
unexplored as modifiers or predictors of CKD awareness. Additionally, it is unlikely that these
issues comprise a comprehensive listing of all possible psychological factors that could be
associated with CKD awareness. However, for awareness campaigns to be effective, such
issues must be examined, particularly with regard to identification of patients for whom these
factors will prevent action, even with sufficient understanding of their CKD, and strategies for
motivation in the face of these obstacles. For example, fatalistic attitudes about CKD may
prevent action because of hopelessness stemming from patients’ beliefs that progression to
ESRD and dialysis is inevitable; awareness campaigns and provider communication thus
should include information not only on the prevalence and consequences of CKD (including
the rarity of progressing to ESRD) but also on the treatments available to prevent such
consequences.

Outcomes associated with patient-level CKD awareness
Although research among ESRD patients has shown that greater knowledge of their condition
leads to better clinical outcomes (31,32), little data are available on whether awareness of
earlier-stage CKD is associated with better clinical outcomes. There is some evidence that
those with higher perceived risk for CKD are more likely to seek information, speak to their
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doctor about CKD, and get tested (19). Interestingly, those with the highest and lowest
perceived risk were less likely than those with intermediate perceived risk to have controlled
blood pressure (21); for those with the highest perceived risk, psychological factors such as
those mentioned above may explain this result. Awareness of CKD status was not generally
associated with achieving target blood glucose regardless of diabetes status in the KEEP study
(24), but CKD awareness was associated with lower hemoglobin A1C in a group of primary
care patients with diabetes and CKD (33). Further research is necessary to determine whether
—and for whom—CKD awareness leads to better self-management and better clinical
outcomes (particularly, decreased hospitalization, cardiovascular events, and/or mortality).
Additionally, the possibly negative consequences of CKD knowledge and awareness, including
excess worry about risk and decreased quality of life and depression associated with the
diagnosis of chronic disease, should also be explored and weighed against any improvement
in clinical outcomes.

Summary of patient-level CKD awareness of CKD
Although current data are sparse and not without limitations, the general consensus is that
patient awareness of CKD is unacceptably low. Further exploration of the factors associated
with patient-level CKD awareness, behavioral changes as a result of CKD awareness, and the
impact of CKD awareness on outcomes is greatly needed to guide awareness efforts.
Particularly, the ideal targets (e.g., middle-aged adults with diabetes and/or hypertension) and
content (e.g., consistent information on treatment and prevention in addition to risk factors and
consequences) for community awareness campaigns should be carefully considered. Also,
providers should be armed with not only knowledge and awareness of CKD, as described
below, but also with the necessary tools to communicate information effectively and sensitively
and to encourage patient self-management.

Healthcare Provider Awareness of CKD
Provider-level CKD awareness includes both general understanding of CKD, its risk factors,
and associated complications/consequences and knowledge of patient management strategies
to slow CKD progression. As illustrated in Figure 1, inadequate awareness among providers
likely precludes patient awareness at both the general and individual levels; and while the
consequences of unawareness at this level have not been extensively studied, it seems likely
to lead to worse outcomes, including higher patient morbidity and mortality.

Prevalence of provider CKD awareness
Measures of provider CKD awareness—Health-care provider awareness of CKD can
be measured in a variety of ways; accurate estimates of prevalence of provider awareness of
CKD require an understanding of these different measures, including their strengths and
limitations. For example, one proxy for CKD awareness is appropriate CKD identification of
patients with renal dysfunction with International Statistical Classification (ICD-9) diagnostic
codes. While there are limited data correlating identification of CKD with coding and actual
practitioner understanding of chronic kidney disease, ICD-9 codes appear to be a specific, if
insensitive, marker at measuring provider awareness of CKD. In a cohort of adult veterans with
diabetes and CKD stages 3–5, at least 1 of the 79 ICD-9 codes related to CKD was present in
42.4% of CKD cases identified by laboratory testing and 93.2% of cases with a CKD code did
in fact have CKD by laboratory testing (34). Despite these relatively poor performance
characteristics, greater CKD documentation with ICD-9 codes has been associated with lower
eGFR and a decrease in non-steroidal anti-inflammatory drug prescriptions, lending some
validity to use of ICD-9 codes as a measure of physician awareness of CKD (35).
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Unlike ICD-9 codes, other metrics of provider awareness of CKD may provide insight into
provider understanding of renal physiology, CKD risk factors, clinical presentation and
complications, correct CKD management, and knowledge regarding appropriate timing of
nephrology referral. Questionnaire data can reveal level of provider awareness of CKD as a
public health problem and may identify barriers to improved CKD knowledge and care.
However, questionnaires are prone to volunteer bias and thus may not accurately reflect the
current state of provider awareness of CKD. Physician problem lists with associated plans can
provide more in-depth information about provider understanding of CKD and management,
but examining such problem lists cannot be performed efficiently on a large scale.

Estimates of provider awareness of CKD—Estimates of primary care provider (PCP)
recognition of kidney disease remain alarmingly low. Reported physician documentation of
CKD with ICD-9 codes in a large managed care cohort with greater than 10,000 individuals
with CKD stages 3–5, was only 14.4% (35). PCP awareness was significantly associated with
patient gender and age, lower eGFR and at least one of the following comorbid conditions:
hypertension, diabetes, congestive heart failure and peripheral vascular disease. eGFR was the
strongest predictor of CKD identification, but proper identification was documented in merely
6%, 14%, 31% and 50% of patients with eGFR 50–59, 40–49, 30–30 and 20–29 ml/min/1.73
m2, respectively (35). This low prevalence of CKD documentation was similar within a
Veterans Administration (VA) Hospital system in Michigan (CDC CKD Surveillance Project,
unpublished report) and in a geriatric Caucasian population in the Mid-South VA Healthcare
network (36).

While ascertainment of physician awareness of chronic diseases with ICD-9 coding has its
aforementioned limitations, these data are consistent with other studies that examined
physician knowledge directly with questionnaires and clinical vignettes. In one study using
several clinical scenarios to ascertain knowledge surrounding basic CKD awareness and
management; 40% of U.S. family physicians failed to recognize progressive CKD in a patient
with a serum creatinine of 2.0 mg/dl and gross proteinuria (37). Agrawal et. al. (38)
demonstrated similar rates of awareness among internal medicine residents (physicians-in-
training) across the United States. Again using a clinical vignette describing a patient with
persistent proteinuria and eGFR of 76 ml/min/1.73 m2, only 54% of responders correctly
identified proteinuria as a marker of chronic kidney disease. However, 65% of residents
correctly identified CKD stage 3 with an eGFR range of 30–59 ml/min/1.73 m2 and nearly
87% and 73% noted that eGFR and a random urine albumin:creatinine ratio should be used to
evaluate a patient at high risk of CKD (38).

Examination of medical records to ascertain PCP recognition of CKD has yielded similar
results. In one academic outpatient family medicine practice (39), only 13.9% physicians
documented awareness of CKD stage 3, defined by any written evidence of CKD recognition
in the medical chart, including CKD in the problem list, ordering of diagnostic investigations
for renal impairment, or referral to a nephrologist. It is important to note that CKD recognition
increased dramatically after an educational curriculum, to 85.1%, suggesting that provider
identification of CKD could be improved through targeted interventions (39).

Estimates of provider awareness of CKD risk factors—General awareness of CKD
risk factors appears more widespread than knowledge of CKD itself. Surveys demonstrate high
levels of knowledge of diabetes and hypertension as risk factors, with 99% of family practice
and internal medicine trainees identifying them as strong risk factors in web-based
questionnaires (38,40). Minority status, age, and family history of CKD were less well-
recognized as risk factors. A survey of PCPs practicing in predominantly African-American
communities also revealed that a third of respondents (34.4%) did not consider family history
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of kidney disease to be associated with increased risk of CKD and 22% did not consider African
American race to be a risk factor for development of CKD (41).

Estimates of provider awareness of CKD guidelines—Several studies indicate that
only 22–30% of family practice physicians and general internists are aware of the existence of
National Kidney Foundation (NKF) Kidney Disease Outcomes Quality Initiative (KDOQI)
guidelines regarding management of patients with CKD; in contrast, approximately 80% of
the same physicians report that the American Diabetes Association (ADA) and Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC)
guidelines influence CKD care (37,41). These data help explain the differing rates of
knowledge vis-à-vis CKD risk factors detailed above; the ADA and JNC guidelines both
emphasize hypertension and diabetes as significant CKD risks, but both fail to describe race
and family history of CKD as additional risk factors, which are included in the KDOQI
guidelines.

Factors associated with provider CKD awareness
Demographic factors—Current data demonstrate that family physicians with more than 10
years in clinical practice are less likely to recognize CKD and less likely to recommend patient
referral to nephrologists for advanced care (Table 2) (37). Other studies that indicate more
recently trained physicians have greater awareness of KDOQI guidelines and risk factors for
development of CKD further corroborate this finding (38,40). However, no association has
been found between physician race/ethnicity and gender and differing rates of CKD awareness
and nephrology referrals (37,38)

Practice characteristics—Somewhat surprisingly, PCPs who spend less than 50% of their
time practicing clinical medicine are more likely to correctly diagnose CKD stages 3–4, though
the difference was non-significant in a multivariable-adjusted analysis (Table 2). These
physicians are also more likely to recommend nephrology referral. Size of practice, practice
setting (community hospital vs. academic center vs. private), and census region (urban vs.
rural) were not associated with differing rates of CKD identification or nephrology referral
(37).

A difference has been noted in CKD awareness and referral rates between general internists
and family practitioners (77% vs. 64% and 98% vs. 69%, respectively) (37). Perhaps family
practitioners minimize the number of specialty referrals compared to their general internist
colleagues because of decreased informal access to medical specialists and a greater desire to
maintain continuity of care. However, it is noteworthy that differences in referral pattern are
strongly related to differences in awareness of clinical guidelines and confidence in the
effectiveness of care (37) suggesting a lack of knowledge surrounding CKD management by
many family practitioners. Interestingly, online surveys administered to both family medicine
and internal medicine trainees reveal similar rates of knowledge surrounding CKD risk factors
and complications and anti-hypertensive management in CKD patients (40). Practice patterns
among the two groups of physicians are thus more similar among trainees, suggesting that the
gap in CKD awareness and management may decline over time.

Of note, CKD awareness among mid-level providers such as nurse practitioners and physician
assistants has not been studied. With the PCP workforce shrinking in the United States, the
dissemination of primary care will rely more heavily on these providers. More extensive
evaluation of their knowledge and practice patterns is thus warranted.
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Consequences associated with provider CKD awareness
There are little data that demonstrate improved patient outcomes with greater provider
awareness of CKD. However, in one prospective cohort study, an association between
nephrology referral and greater preservation of renal function in diabetic patients with early
CKD was noted; the benefit was largely mediated by better blood pressure control and more
extensive use of angiotensin-converting enzyme inhibitors and angiotensin receptor blockers
(42). The importance of CKD awareness at earlier stages of disease for implementation of
evidence-based medication regimens cannot be underestimated. Additional studies examining
the effect of increased provider awareness on patient awareness of CKD and patient behavioral
changes are key. In addition, the effects of earlier CKD diagnosis on subsequent progression
of kidney dysfunction and cardiovascular outcomes are essential to document and understand.
Potential negative outcomes associated with increased provider awareness of CKD cannot be
neglected. Earlier detection of CKD may become an unnecessarily large financial burden on
an already over-extended healthcare system if no positive outcomes are delineated, and the
numbers of nephrologists in the United States may be insufficient to handle referrals of all
patients with early-stage CKD. Furthermore, increased provider awareness of CKD may lead
to overuse of PCP time, relegating other important chronic diseases to the background of
medical care.

Summary of provider awareness of CKD
Early referral of patients to nephrologists is optimal, but given the relatively small number of
practicing nephrologists nationwide, nephrologists cannot exclusively manage all patients with
CKD. The burden of CKD management thus falls largely on PCPs. Although current data are
limited, the general consensus is that awareness of CKD by all types of PCPs is unacceptably
low and knowledge of CKD management is particularly poor among family practitioners.
Further exploration of the factors associated with decreased CKD knowledge and the impact
of CKD awareness on individual patient outcomes and public health outcomes is necessary to
guide awareness efforts moving forward. In particular, next steps should focus on evaluation
of CKD awareness and management among mid-level providers and increasing CKD
knowledge and awareness of KDOQI guidelines among family practitioners. In addition,
educational efforts aimed at improving CKD awareness in training programs should be
considered, even though this may be a challenging undertaking, given the requirements and
restrictions placed upon U.S. training programs.

Influence of Current Community Efforts and Public Policy on CKD Awareness
As shown in Figure 1, public policy can affect both patient and provider awareness. World
Kidney Day (10,11; www.worldkidneyday.org) is an annual event that began in 2006 and is
jointly sponsored by the NKF and International Society of Nephrology, “to raise awareness of
the importance of our kidneys to our overall health and to reduce the frequency and impact of
kidney disease and its associated health problems worldwide.” The World Kidney Day effort
aims to raise awareness in the community by offering free screening and by targeting various
media outlets with education about CKD, its risk factors, and consequences. The KEEP study
(12,13) is another effort of the NKF that targets the community by offering free screening for
any individual at risk (aged 18 years or older, with hypertension, diabetes, and/or family history
of CKD). KEEP has screened >130,000 individuals in cities thoughout the United States since
its inception in 1997. Both of these NKF efforts have increased general knowledge of CKD
and awareness of disease status among patients. Greater awareness of disease status at earlier
stages would allow patients to take full advantage of The Medicare Improvement for Patients
and Providers Act of 2008, which mandates six educational sessions for individuals with CKD
stage 4 to prepare for ESRD and make informed choices regarding treatment options, which
would in turn increase knowledge and awareness in those with severe CKD. Finally, provider
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awareness could be directly affected by health system policy that incentivizes attainment of
CKD-related clinical performance guidelines (7–9) or continuing education related to CKD.

Conclusions
Levels of awareness and knowledge among patients and providers must be improved to prevent
CKD, its progression, and its many consequences. More research is needed to guide
implementation of awareness campaigns, including determining appropriate content and target
populations, but many challenges exist. Changing definitions of CKD and eGFR equations,
and subsequent prevalence estimates, could confuse providers and patients alike (27,43). Many
factors, such as patient health literacy/numeracy and psychological factors and patient-provider
communication, which likely play a large part in modifying CKD awareness and resulting
preventive behaviors, are difficult to measure. Additionally, no single dataset or study
population will be sufficient to study all predictors and outcomes of CKD awareness, and
outcome studies require substantial resources. Despite these challenges, further studies are
essential to fully understand the factors and consequences associated with CKD awareness.
However, because such studies will take time, efforts to increase awareness through
dissemination of basic CKD information, may need to be implemented simultaneously with
these studies, given the high prevalence of CKD and its risk factors.
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Figure 1.
Interaction of provider and patient awareness of CKD, its risk factors, and its consequences.
Solid and dotted arrows, purported direct and indirect routes, respectively, of information
exchange. CME, continuing medical education.

Plantinga et al. Page 12

Adv Chronic Kidney Dis. Author manuscript; available in PMC 2011 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Potential path to awareness and associated outcomes for the CKD patient. Dashed arrows,
possible psychosocial effects on awareness, understanding, and outcomes.
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Figure 3.
Percentage of U.S. population with albuminuria (single measurement) or CKD stage 3 or 4
who were aware of their disease, by eGFR. Data from the National Health and Nutrition
Examination Survey 1999–2006. Bars, 95% CI. Albuminuria defined by albumin:creatinine
ratio obtained from spot urine sample, >30 mg/g; GFR, estimated glomerular filtration rate
by MDRD Study formula in ml/min/1.73 m2. Modified with permission from Plantinga et al.
[4]. *No standard error estimates due to small sample size.
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Table 1

Association of various established and putative factors with patient awareness and outcomes.

Measure of awareness

Factor

Increased general
knowledge of

CKD

Increased
understanding of
individual risk of

CKD

Awareness of
individual CKD

status

Demographic

Increased age ○21 ○4, +26,*

Female gender ○21 −4

African-American or
other racial minority +21 +4

Socioeconomic

Increased income ○21

Higher level of
education ○21 ○4

Married status/social
support

Friends or
acquaintances with
kidney disease

Access-related

Routine provider ○4

Provider knowledge
of CKD

Effectiveness of
Provider
communication

Insured ○4

Higher health
literacy

+21

Higher health
numeracy

Cultural/language
barriers

Exposure to health-
related media

Clinical

Family history of
CKD +/○19,*,** +19*,**

Diabetes /○19,*,** +21,+ 19,*** 4, ○24

Hypertension +/○19,*,** 19*** +4

Cardiovascular
disease +25,26

Higher CKD stage +4,22,23,25,26
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Measure of awareness

Factor

Increased general
knowledge of

CKD

Increased
understanding of
individual risk of

CKD

Awareness of
individual CKD

status

Presence of
proteinuria +4

Presence of CKD
symptoms or
complications
(fatigue/anemia,
pain/bone mineral
metabolism disorder,
etc.)

Obesity ○21 +4

Physical activity ○4,26

Number/severity of
comorbid conditions

Psychological

Denial

Worry

Fear of
dialysis/fatalistic
attitudes

Outcomes

Association of type
awareness with
better self-
management or
improved outcomes

+/−21

(blood pressure
control),

+19

(read information
about CKD;

spoke to doctor
about CKD; got
tested for CKD)

○24***
(target blood

glucose)

+, positive effect; −, negative effect; ○, no effect; and blank cell, unknown effect. Effect summarized from peer-reviewed published literature only;
superscript numbers represent citations.

*
African-Americans only.

**
Family history of CKD, diabetes and hypertension combined as “risk factors.”

***
Possible positive effect of CKD awareness among males with diabetes only.
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Table 2

Factors associated with provider awareness of CKD and CKD risk factors.

Measure of awareness

Factor Increased identification of
CKD

Increased understanding of
CKD risk factors

Demographic37,38,40

<10 years of clinical
practice + +

Age Female gender ○

African-American or
other racial minority ○

Practice Characteristics37,40

<50% practicing
clinical medicine +

Size of practice ○

Practice setting
(academic center vs
community hospital
vs private practice) ○

Geographic location
% of patient panel
with CKD, as
definted by laboratory
data

Urban practice ○

Specialty37,40

Family Pracitioner − −

Internist + +

Nurse Practitioner/Physician
Assistant

Residency Training Characteristics38

US training program ○

University vs.
community program ○

Program with an in-
house nephrology
fellowship program

Participation in an
inpatient nephrology
elective rotation

Participation in a
CKD clinic

Presence of an
Educational
curriculum on
nephrology for
residents
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+, positive effect; −, negative effect; ○, no effect. and blank cell, unknown effect. Effect summarized from peer-reviewed published literature only;
superscript numbers represent citations.
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