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Abstract
Background—The prevalence of albuminuria in the general population is high, but awareness of
it is low. Therefore, we sought to develop and validate a self-assessment tool that allows
individuals to estimate their probability of having albuminuria.

Study Design—Cross-sectional study

Setting & Participants—The population-based REasons for Geographic And Racial
Differences in Stroke (REGARDS) study for model development and the National Health and
Nutrition Examination Survey 1999-2004 (NHANES 1999-2004) for model validation. US adults
≥ 45 years of age in the REGARDS study (n=19,697) and NHANES 1999-2004 (n=7,168)

[nijsje 1]Factor—Candidate items for the self-assessment tool were collected using a
combination of interviewer- and self-administered questionnaires.

Outcome—Albuminuria was defined as a urinary albumin to urinary creatinine ratio ≥ 30 mg/g
in spot samples.

Results—Eight items were included in the self-assessment tool (age, race, gender, current
smoking, self-rated health, and self-reported history of diabetes, hypertension, and stroke). These
items provided a c-statistic of 0.709 (95% CI, 0.699 – 0.720) and a good model fit (Hosmer-
Lemeshow chi-square p-value = 0.49). In the external validation data set, the c-statistic for
discriminating individuals with and without albuminuria using the self-assessment tool was 0.714.
Using a threshold of ≥ 10% probability of albuminuria from the self-assessment tool, 36% of US
adults ≥ 45 years of age in NHANES 1999-2004 would test positive and be recommended
screening. The sensitivity, specificity, and positive and negative predictive values for albuminuria
associated with a probability ≥ 10% were 66%, 68%, 23% and 93%, respectively.

Limitations—Repeat urine samples were not available to assess the persistency of albuminuria.

Conclusions—Eight self-report items provide good discrimination for the probability of having
albuminuria. This tool may encourage individuals with a high probability to request albuminuria
screening.
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Albuminuria, a key subclinical marker for kidney disease, affects over 10 million US
adults1. It has been demonstrated to be a strong, independent risk factor for cardiovascular
disease, end-stage renal disease (ESRD) and all-cause mortality2-7. The use of renin-
angiotensin system blockers in patients with albuminuria has been shown to slow the
progression of kidney disease and lower the risk for cardiovascular disease8-10. Despite its
high prevalence, prognostic importance, and availability of treatment, many US adults with
albuminuria are unaware of their diagnosis11.

Results from a previous analysis suggest that population-wide screening of individuals for
albuminuria is not cost-effective12;13. Screening for albuminuria may be beneficial amongst
individuals at increased risk for the adverse sequelae of kidney damage 14-16. However,
even among such high risk populations, including patients with diabetes, rates of
albuminuria screening are low17-19. Therefore, approaches are needed for raising awareness
of albuminuria, especially for populations that are likely to demonstrate a high prevalence20.

As several correlates of albuminuria have been identified, we hypothesized that a simple set
of self-reported items could be assembled to accurately discriminate between individuals
with and without albuminuria21-23. To test this hypothesis, we developed a self-assessment
tool for the presence of albuminuria using data from a large nationwide sample of African-
American and white US adults. Additionally, we analyzed data from a second nationally
representative sample, drawn from the general United States population, to externally
validate this tool.

METHODS
Datasets

This analysis was performed using two datasets: the REasons for Geographic And Racial
Differences in Stroke (REGARDS) study and the National Health and Nutrition
Examination Survey 1999-2004 (NHANES 1999-2004)24-26. Data from the REGARDS
study was used to develop the self-assessment tool and data from NHANES 1999-2004 was
used to externally validate the tool.

Derivation Dataset: The REGARDS Study—The REGARDS study is a community-
based investigation of stroke incidence among US adults ≥ 45 years of age. In brief, 30,239
African-American and white US adults were enrolled between January 2003 and October
2007. Beginning in May 2004, a prior diagnosis of kidney disease and a family history of
ESRD were assessed for REGARDS study participants. The current analysis was limited to
participants for whom answers to these questions were ascertained (n=21,658). Participants
receiving hemodialysis or reporting a prior diagnosis of kidney disease (n=393), without
urinary albumin and creatinine measurements (n=1,137), or who were missing information
for items in the self-assessment tool (n=431) were excluded, leaving 19,697 participants
with complete data for the present analysis. The REGARDS study protocol was approved by
the Institutional Review Boards governing research in human subjects at the participating
centers and all participants provided informed consent.

The REGARDS study data were collected through interview- and self-administered
questionnaires and during an in-home study visit. A list of self-report items collected as part
of the REGARDS study was reviewed by the study authors with the following selected for
possible inclusion in the albuminuria self-assessment tool: age, race, gender, education (high
school graduate or not), physical activity (any or none), alcohol consumption (none, some
but less than two drinks per day and two or more drinks per day), cigarette smoking (current,
former, never), family history of ESRD, self-rated health (excellent, very good, good, fair,
or poor), and prior diagnosis of diabetes, hypertension, myocardial infarction, stroke and
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self-reported antihypertensive medication use. Urinary albumin was measured at the
Department of Laboratory Medicine and Pathology at the University of Minnesota, using the
BN ProSpec Nephelometer from Dade Behring (www.dadebehring.com). Urinary creatinine
was measured with a rate-blanked Jaffé procedure, using the Modular-P analyzer (Roche/
Hitachi; labsystems.roche.com).

Validation Dataset: NHANES 1999-2004—NHANES 1999-2000, 2001-2002, and
2003-2004, are serial cross-sectional surveys including nationally representative samples of
the non-institutionalized civilian US population identified through a stratified, multi-stage
probability sampling design25;26. NHANES 1999-2004 included 8,654 adults, ≥ 45 years of
age, who completed the study questionnaires and attended a study examination. Participants
with known kidney disease (n=282), missing data for urinary albumin or creatinine excretion
(n=1,039), missing information for the items in the self-assessment tool (n=161), or who
were pregnant at the time of their NHANES examination (n=4) were excluded from the
current analyses. After these exclusions, the external validation in NHANES 1999-2004 was
based on data from 7,168 participants. Items used in the self-assessment tool were collected
through interview-administered questionnaires. Urinary albumin was measured using a
solid-phase fluorescence immunoassay; urinary creatinine was measured using the modified
kinetic method of Jaffé (Beckman Coulter Synchron AS/Astra Analyzer).

Definition of albuminuria
For participants in the REGARDS study and NHANES 1999-2004, the urinary albumin-
creatinine ratio was calculated. Albuminuria was defined as levels ≥ 30 mg/g27.

Statistical Methods
Model development—Participant characteristics were calculated overall and by
albuminuria status. Unadjusted odds ratios for albuminuria associated with each candidate
item were calculated using logistic regression. The self-assessment tool was constructed
following a multi-step process28. First, all candidate items were included in a multivariable
logistic regression model, and backward selection was used to eliminate items with a p-
value > 0.20. Linear, quadratic and cubic terms for age were included in this model. All
items excluded by the backward selection procedure were re-evaluated by adding them into
the model one at a time and assessing improvement in discrimination (i.e., changes in the c-
statistic and the relative integrated discrimination improvement index [RIDI])29. Next,
interaction terms for age (modelled as a linear term) and diabetes with each other and all
other candidate items were considered for inclusion. Finally, to develop a parsimonious self-
assessment tool, each candidate item remaining in the model was considered for exclusion
based on the change in c-statistic and RIDI when they were removed. The intercept and beta
coefficients from a logistic regression model, including the items selected for the self-
assessment tool, were used to estimate each individual’s probability of having albuminuria.
Using this probability, the sensitivity and specificity of albuminuria was calculated across
the full range of possible cut-points for defining high probability. Additionally, using the
intercept and beta coefficients, a point scoring system for the probability of albuminuria was
developed following a standard approach30.

Model validation—Using the self-assessment tool developed in the REGARDS study
(i.e., intercept and beta coefficients from the final logistic regression model), each NHANES
1999-2004 participant was assigned a predicted probability of albuminuria. The c-statistic
for discriminating NHANES 1999-2004 participants with and without albuminuria
associated with the assigned probability was calculated for those ≥ 45 years of age. The c-
statistic is a measure of how well a model discriminates between individuals with and
without a condition. For the current study, the c-statistic is the proportion of all pairs of
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participants, one with albuminuria and one without albuminuria, wherein the participant
with albuminuria has a higher predicted probability on the self-assessment tool. The
sensitivity, specificity and positive and negative predictive values for albuminuria associated
with a probability ≥ 10%, selected a priori, from the self-assessment tool were calculated.
This cut-point was chosen based on levels that provided maximum specificity while
sensitivity remained above 75% in the derivation data set. Because hypertension and
diabetes are major risk factors for albuminuria, for comparative purposes the c-statistic and
sensitivity, specificity and positive and negative predictive values for albuminuria were
calculated for a model using self-report of a prior diagnosis of hypertension, diabetes, and
either of these conditions. Additionally, a recent article proposed albuminuria screening for
individuals with diabetes, hypertension or ≥ 60 years of age31. Therefore, the test
characteristics of this screening approach were also determined. To assess the calibration of
the self-assessment tool, the observed and predicted prevalence of albuminuria were
calculated, overall and, by decile of predicted probability in NHANES 1999-2004.
Additionally, a slope calibration curve was graphed. To assess the benefit of using the self-
assessment tool, we also conducted a decision curve analysis32. Four secondary analyses
were conducted in the validation data set (NHANES 1999-2004). First, we calculated the c-
statistic, sensitivity, specificity, and positive and negative predictive values for detecting
albuminuria in sub-groups defined by the presence or absence of hypertension, diabetes and
eGFR < 60 ml/min/1.73 m2, separately. Second, we calculated these statistics for detecting
albuminuria defined using gender-specific cut-points (≥17 mg/g in men and ≥25 mg/g in
women). Next, the sensitivity, specificity and positive and negative predictive values for
albuminuria associated with a probability ≥ 8% on the screening tool were calculated. This
cut-point was selected so that all individuals with diabetes are referred for screening. Lastly,
the c-statistic, sensitivity, specificity, and positive and negative predictive values for the
self-assessment tool point scoring system were calculated.

Analysis of the REGARDS study was performed using SAS 9.2 (SAS Institute,
www.sas.com). Calculation of c-statistics in NHANES 1999-2004 were performed using the
weighted commands in SAS 9.2 with all other statistics for NHANES 1999-2004 calculated
using SUDAAN version 10 (Research Triangle Institute, www.rti.org), accounting for the
complex survey design of the study.

RESULTS
Development of the self-assessment tool

The mean age of REGARDS study participants was 63.9 ± 9.7 years, 40.6% were African-
American and 37.3% were men (Table 1). The prevalence of albuminuria in the REGARDS
study was 13.8%. Compared to those without albuminuria, REGARDS study participants
with albuminuria were older and more likely to be African-American and men. Additionally,
each of the candidate items was significantly associated with albuminuria.

The unadjusted odds ratios for albuminuria associated with each of the candidate items are
provided in the left column of Table 2. The discrimination for any individual candidate item
was low; the highest c-statistic for any single candidate item was for diabetes (c-statistic,
0.613; 95% CI, 0.603 – 0.623). In a backward stepwise model, age (modelled as a linear and
a quadratic term but not as a cubic term), race, gender, physical inactivity, current smoking,
family history of ESRD, self-rated health, and self-report of diabetes, hypertension,
myocardial infarction and stroke remained associated with albuminuria (Table 2 middle
column). The c-statistic for the model including all of these items was 0.711 (95% CI, 0.701
– 0.721). No interactions were significant for age or diabetes with any of the other candidate
items (all p>0.1). When each excluded item was considered for re-inclusion into the self-
assessment tool, no item resulted in a significant improvement in discrimination assessed via
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c-statistics or the RIDI. Removing physical inactivity, a family history of ESRD, and self-
report of a prior myocardial infarction from the self-assessment tool did not significantly
reduce the discrimination of the self-assessment tool (c-statistic of 0.709 [95% CI, 0.699 –
0.720] and change in RIDI of −2.6% [95% CI, −5.8% to +11.8%]; Table 2, right column).
The final model, consisting of age, race, gender, current smoking, self-rated health, and self-
report of a prior diabetes, hypertension and stroke was well calibrated (Hosmer–Lemeshow
chi-square statistic, 7.44; P value for lack of fit = 0.49) and thus becomes the REGARDS
self-assessment tool for albuminuria. This is shown in algebraic form in Appendix 1 and
using the points system for scoring in Appendix 2. Appendix 3 relates the score from
Appendix 2 to the probabilities for having albuminuria. For example, a 60 year old (1 point),
white, man (1 point) who is a non-smoker, who reports good health (1 point), has a history
of hypertension (3 points) but has no history of stroke or diabetes would be assigned 6
points and a probability for albuminuria of 10.1%.

The percent of REGARDS study participants who would be categorized as having a high
probability for albuminuria across a range of possible cut-points is provided in Figure 1. In
the REGARDS study development data set, 54% of individuals had a probability for
albuminuria ≥ 10% via the self-assessment tool. The sensitivity and specificity for
albuminuria using the self-assessment tool is provided in Figure 2. A probability ≥ 10% was
defined as high in order to capture a high percentage of albuminuria cases (sensitivity =
78%) while maintaining adequate specificity (50%). The positive predictive value and
negative predictive value was 20% and 94%, respectively. Using higher cut-points to define
high probability for albuminuria would result in higher specificity but lower sensitivity (i.e.,
missing a higher percentage of albuminuria cases) while lower cut-points would result in
substantially more positive test results.

External Validation of the self-assessment tool
The observed prevalence of albuminuria for US adults ≥ 45 years of age in NHANES
1999-2004 was 12.5% and the mean predicted probability for albuminuria using the self-
assessment tool was 10.4%. Participant characteristics for NHANES 1999-2004 are
provided in Table S1 (available as online supplementary material). The distribution of scores
on the self-assessment tool for individuals with and without albuminuria in NHANES
1999-2004 is provided in Figure S1. The median probability for albuminuria on the self-
assessment tool for individuals without and with albuminuria was 0.07 (25th – 75th

percentile, 0.05 – 0.12) and 0.13 (25th – 75th percentile, 0.08 – 0.22), respectively. The self-
assessment tool demonstrated higher discrimination than a self-report of hypertension,
diabetes, either condition, or the combination of hypertension, diabetes or age ≥ 60 years
(Table 3). In NHANES 1999-2004, 36% of US adults had a probability ≥ 10% on the self-
assessment tool and would, thus, test positive. The probability ≥ 10% cut-point provided a
sensitivity of 66%, specificity of 68%, and positive and negative predictive values of 23%
and 93%, respectively. The predicted and observed probability for albuminuria was similar
for the lower percentiles of risk, but the self-assessment tool under-estimated the probability
at higher levels of predicted probabilities (Figure 3 and Figure S2). Using the cut-point of
10% to define high probability for albuminuria, the decision curve in Figure S3 supports the
use of the albuminuria screening tool (i.e., the net benefit of the screening tool at 10% is
greater than screening everyone and screening no one).

Sensitivity Analyses
The test characteristics for the self-assessment tool among individuals with and without
hypertension, diabetes mellitus, or an eGFR < 60 ml/min/1.73 m2, separately, are provided
in Table S2. Only 1.7% of NHANES 1999-2004 participants who reported a prior diagnosis
of diabetes had a probability of albuminuria < 10% on the self-assessment tool and would
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test negative. Test characteristics of the screening tool were virtually identical when all
individuals with diabetes were automatically categorized as high risk (i.e., grouping them
with their peers with a probability ≥ 10%). Defining a positive test result as ≥ 8% on the
screening tool resulted in 49% of US adults testing positive, including all individuals with
diabetes. Using this cut-point, the sensitivity, specificity, and positive and negative
predictive values of the screening tool were 75%, 55%, 19% and 94%, respectively.

Among adults ≥ 45 years of age in NHANES 1999-2004, 17.2% had albumuinuria defined
using gender-specific cut-points (≥17 mg/g for men and ≥25 mg/g for women). Using this
definition for albuminuria, the c-statistic for the self-assessment tool was 0.713.
Additionally, the sensitivity, specificity, positive and negative predictive values were 63%,
70%, 30%, and 90%, respectively.

Using the point scoring system for the self-assessment tool, the c-statistic was 0.706. The
mean predicted probability for albuminuria was 11.4%. The sensitivity, specificity, and
positive and negative predictive values using the point scoring system and a probability ≥
10% cut-point were 73%, 59%, 20%, and 94%, respectively.

DISCUSSION
Albuminuria is a common marker of kidney disease and affects more than 10 million US
adults1. However, the majority of individuals with kidney disease are unaware of their
diagnosis8;9;33. Using data from two large studies, we developed and validated a simple
self-assessment tool designed to identify individuals with a high probability of albuminuria.
This tool maintained good discrimination as indicated by a c-statistic of 0.709 and 0.714 in
the REGARDS study and in NHANES 1999-2004, respectively. Additionally, using a cut-
point of ≥ 10% to define a high probability of albuminuria, 66% of those with albuminuria
were properly identified as having a high probability while 68% of those without
albumuniria were properly identified as having a low probability for albuminuria.

The self-assessment tool we present used a structured approach to produce a parsimonious
model comprised of age, six yes/no questions and assessment of self-rated health. Each of
these items has been previously reported, individually, to be associated with
albuminuria21;22;34;35. The current study extends prior reports by grouping items into a
screening tool that could be used to identify individuals in whom urinary albumin should be
measured. This tool provided significantly better discrimination than any of these items
individually. Although population-wide albuminuria screening is not cost-effective,
screening in selected high risk populations may be12; this tool could be used to inform
individuals with a high risk so they can talk to their doctors about further testing. Given the
sensitivity and specificity of the self-assessment tool were 66% and 68%, respectively future
studies may endeavour to identify screening tools with improved test characteristics.

Diabetes is considered a major risk factor for albuminuria36-38. While diabetes was
associated with a significantly increased odds ratio for albuminuria in the REGARDS study,
its ability to distinguish between individuals with and without albuminuria was low.
Additionally, in the NHANES 1999-2004 data set, the c-statistic was only 0.597 for self-
reported diabetes and the sensitivity was 28%. This was markedly lower than for the self-
assessment tool.

Over 98% of individuals with diabetes were defined as “high risk” for albuminuria in
NHANES 1999-2004 (the external data set) based on the a priori chosen cut-point of ≥ 10%.
Even though patients with diabetes are recommended annual screening for albuminuria by
the National Kidney Foundation and American Diabetes Association, prior studies indicate
that routine screening does not occur17;19;39;40. Given the low rate of screening for
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individuals with diabetes as well as the goal of producing a screening tool aimed at
increasing albuminuria to the highest degree possible, we think the self-assessment tool
developed in the current study is applicable to individuals with and without diabetes. As
demonstrated in sensitivity analyses, the self-assessment tool can be easily adapted, by
choosing a lower cut-point to define “high risk” or automatically triaging persons reporting a
prior diagnosis of diabetes, such that all individuals with diabetes are recommended
albuminuria screening.

Many clinical characteristics beyond the self-reported items evaluated in the current analysis
are associated with albuminuria23;41-43. We purposefully chose to limit the present analysis
to items that individuals can report. This will allow for broader dissemination and
application of the tool developed in the present study. The self-assessment tool does not
require a healthcare visit and can be completed by individuals at home (e.g., via the internet)
or in community settings (e.g., at health fairs). It is likely that the addition of clinical
information (e.g., eGFR) would increase the discrimination of the self-assessment tool.
However, such data would limit the broad number of settings in which this tool can be
utilized.

While self-assessment tools, such as the one developed in the current analysis, allow for
widespread use, they do not provide clinical diagnoses. Individuals with a high probability
for albuminuria based on the self-assessment tool should be recommended for follow-up
with a healthcare provider for further screening via dipstick or spot urine testing for
albuminuria. The challenges of translating risk into patient action are well documented. The
approach for effectively communicating the need for screening for individuals who test
positive on the albuminuria self-assessment tool requires further study and testing.

The results from the current analysis need to be interpreted in the context of certain
limitations. All data were collected during a single study visit. As such, neither the
REGARDS study nor NHANES 1999-2004 had data on the persistence of albuminuria.
Analysis of NHANES III, from 1988-1994, indicate a substantial proportion of adults with
albuminuria on a single measure may not have it on subsequent measurements44. Also, the
REGARDS study was limited to adults ≥ 45 years of age. Although albuminuria is not
common among younger adults, future work may be useful to develop a self-assessment tool
for this population21. Finally, the self-assessment tool was developed through self- and
interview administered questionnaires. Future studies evaluating its test characteristics
through other modes of administration are warranted. Despite these limitations, the current
analysis has many strengths. Both the REGARDS study and NHANES 1999-2004 included
nationwide samples of US adults, extensive data collection, and were conducted following a
standardized protocol which included rigorous procedures for data collection. Also, the
availability of an external data set (NHANES 1999-2004) allowed for assessing the
independent validity of the self-assessment tool. External validation is necessary before a
prediction models can be recommended for widespread use. It is noteworthy that
discrimination between those with and without albuminuria remained high in the external
validation data set.

In conclusion, albuminuria is emerging as an important risk factor for ESRD, cardiovascular
disease, and all-cause mortality and early treatment may reduce the risk of these events.
Despite its prognostic importance and availability of effective treatments, the awareness of
albuminuria in the general population is low. The self-assessment tool developed and
validated in the current analysis maintains strong screening test characteristics and may be
helpful for educating adults about their risk for albuminuria. Using this tool in the general
population may increase the awareness, detection and treatment for albuminuria.
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Appendix 1
The estimated probability of having albuminuria obtained from a logistic regression model
with the components of the albuminuria self-assessment screening tool as predictor variables
in the REGARDS study.

Let X = −5.1062 + 0.0318 * (age in years) + 0.000994 * (age in years - 65)2 + 0.3476 * (1
for African-Americans, 0 for other race-ethnicities) + 0.2515 * (1 for men, 0 for women) +
0.4383 * (1 for current smokers, 0 for non-smokers) + 0.2615 * (1 if self-rated health is
good) + 0.5043 * (1 if self-rated health is fair) + 0.4545 * (1 if self-rated health is poor) +
0.8515 * (1 for self-report of a diagnosis of diabetes, 0 for those not reporting diabetes) +
0.4755 * (1 if self-report of a diagnosis of hypertension, 0 for those not reporting
hypertension) + 0.3536 * (1 for self-report of a prior stroke, 0 for those without a prior
stroke)

Then the estimated probability of having albuminuria = exp(X)/(1+exp(X))

Appendix 2
Appendix 2

Point scoring system for the albuminuria self-assessment screening tool

Points assigned ENTER APPROPRIATE
POINTS

Age group Age group

 <45 years 0

 45 to 54 years 0

 55 to 64 years 1

 65 to 74 years 3

 ≥ 75 years 6

White 0 Race

African-American 2

Women 0 Gender

Men 1
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Points assigned ENTER APPROPRIATE
POINTS

Non-smoker 0 Smoking

Current smoking 3

Self-rated health Self-rated health

 Excellent 0

 Very good 0

 Good 1

 Fair 3

 Poor 3

Self-report of diabetes Diabetes

 No 0

 Yes 5

Self-report of hypertension Hypertension

 No 0

 Yes 3

Self-report of stroke Stroke

 No 0

 Yes 2

TOTAL MAXIMUM = 25

Appendix 3
Appendix 3

Probability of having albuminuria based on the point scores on the self-assessment screening
tool from Appendix 2

Total Points Probability for ACR ≥ 30 mg/g

0 0.036

1 0.043

2 0.051

3 0.061

4 0.072

5 0.085

6 0.101

7 0.119

8 0.139

9 0.163

10 0.189

11 0.219

12 0.252

13 0.288
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Total Points Probability for ACR ≥ 30 mg/g

14 0.327

15 0.369

16 0.413

17 0.458

18 0.504

19 0.550

20 0.595

21 0.638

22 0.679

23 0.718

24 0.754

25 0.786

ACR, albumin-creatinine ratio
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Figure 1.
Distribution of the REGARDS study population by probability of albuminuria on the self-
assessment tool
The curve shows the % of the REGARDS study population with a probability of
albuminuria higher than the value on the x-axis. For example, 54% of the REGARDS study
population has a probability of albuminuria from the self-assessment tool ≥ 10%.
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Figure 2.
Sensitivity and specificity of the self-assessment tool for albuminuria in the derivation study
(REGARDS study)
Using a cut-point ≥ 10% from the self-assessment tool, the sensitivity and specificity for
albuminuria are 78% and 50%, respectively, in the REGARDS study population.
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Figure 3.
Predicted and observed probability of albuminuria according to decile of predicted
probability assigned by the self-assessment tool in the validation cohort (NHANES
1999-2004)
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Table 1

Characteristics of the REGARDS study participants[nijsje 2]

Albuminuria

Candidate item
Overall

(n=19,967)
No

(n=16,980)
Yes (n=2717) p-value

Age, years 63.9 +/− 9.7 63.5 +/− 9.5 66.6 +/− 10.1 <0.001

Race <0.001

 Whites, % 59.4% 89.0% 11.0%

 African-American, % 40.6% 82.0% 18.0%

Gender <0.001

 Women, % 62.7% 87.1% 12.9%

 Men, % 37.3% 84.6% 15.4%

Education <0.001

 ≥ High school 88.7% 87.1% 12.9%

 < High school 11.3% 79.2% 20.8%

Physically inactive <0.001

 No 66.3% 87.8 12.2

 Yes 33.7% 83.1 16.9

Alcohol consumption <0.001

 No 63.9% 85.0% 15.0%

 Yes, < 2 drinks per day 30.7% 88.6% 11.4%

 Yes, ≥ 2 drinks per day 5.4% 87.3% 12.7%

Smoking <0.001

 Never 48.1% 87.7% 12.3%

 Former 37.3% 85.8% 14.2%

 Current 14.6% 82.4% 17.6%

Family history of ESRD <0.001

 No 88.2% 86.8% 13.2%

 Yes 11.8% 81.7% 18.3%

Self-rated health <0.001

 Excellent 15.8% 92.0% 8.0%

 Very good 31.1% 90.0% 10.0%

 Good 35.6% 84.7% 15.3%

 Fair 14.3% 77.6% 22.4%

 Poor 3.2% 76.7% 23.3%

Self-report of hypertension <0.001

 No 43.1% 91.7% 8.3%

 Yes 56.9% 82.0% 18.0%

Antihypertensive medication use <0.001

 No 49.4% 90.8% 9.2%
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Albuminuria

Candidate item
Overall

(n=19,967)
No

(n=16,980)
Yes (n=2717) p-value

 Yes 50.6% 81.7% 18.3%

Self-report of MI <0.001

 No 92.9% 86.8% 13.2%

 Yes 7.1% 77.9% 22.1%

Self-report of stroke <0.001

 No 94.5% 86.9% 13.1%

 Yes 5.5% 74.6% 25.4%

Self-report of diabetes <0.001

 No 79.0% 89.6% 10.4%

 Yes 21.0% 73.5% 26.5%

Values shown are mean +/− SD or percentage.

ESRD – end-stage renal disease; MI – myocardial infarction; REGARDS, Results from the Reasons for Geographic and Racial Differences in
Stroke
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Table 2

ORs for albuminuria associated with candidate items for inclusion in a self-assessment tool[nijsje 3]

Candidate Item

OR (95% CI) for albuminuria

Unadjusted Backward selection Final Model

Age (linear term, per 5 y) 1.18 (1.13 – 1.22) 1.17 (1.14 – 1.20) 1.17 (1.15 – 1.19)

Age (quadratic term, per 5 y) 1.014 (1.005 – 1.024) 1.025 (1.016 – 1.034) 1.025 (1.016 – 1.034)

Age (cubic term, per 5 y) 0.999 (0.996 – 1.003) -- --

African-American 1.78 (1.64 – 1.93) 1.40 (1.29 – 1.53) 1.42 (1.30 – 1.55)

Men 1.23 (1.14 – 1.34) 1.30 (1.20 – 1.42) 1.29 (1.18 – 1.40)

< High school education 1.75 (1.56 – 1.95) -- --

Physically inactive 1.47 (1.35 – 1.60) 1.14 (1.05 – 1.25) --

Alcohol consumption

 No 1 (reference) -- --

 Yes, < 2 drinks per day 0.73 (0.66 – 0.80) -- --

 Yes, ≥ 2 drinks per day 0.82 (0.68 – 0.99) -- --

Smoking status

 Never 1 (reference)
1 (reference) 1 (reference)

 Former 1.18 (1.08 – 1.29)

 Current 1.52 (1.35 – 1.70) 1.53 (1.37 – 1.72) 1.55 (1.38 – 1.74)

Family history of ESRD 1.48 (1.32 – 1.65) 1.29 (1.14 – 1.45) -

Self-rated health

 Excellent 1 (reference)
1 (reference) 1 (reference)

 Very good 1.28 (1.10 – 1.49)

 Good 2.06 (1.80 – 2.39) 1.27 (1.16 – 1.41) 1.30 (1.19 – 1.44)

 Fair 3.30 (2.83 – 3.85) 1.57 (1.40 – 1.79) 1.66 (1.48 – 1.87)

 Poor 3.47 (2.78 – 4.34) 1.44 (1.15 – 1.79) 1.58 (1.30 – 1.95)

Self-report of diabetes 3.10 (2.84 – 3.37) 2.31 (2.11 – 2.54) 2.34 (2.14 – 2.57)

Self-report of hypertension 2.43 (2.22 – 2.66) 1.59 (1.44 – 1.76) 1.61 (1.46 – 1.78)

Antihypertensive medication 2.20 (2.02 – 2.40) -- --

Self-report of MI 1.88 (1.65 – 2.14) 1.18 (1.02 – 1.37) -

Self-report of stroke 2.25 (1.95 – 2.59) 1.40 (1.20 – 1.63) 1.42 (1.22 – 1.66)

Tool Performance

C-statistic (95% CI)

Unadjusted Backward selection Final Model

Correlation 0.613 (0.603 – 0.623)† 0.711 (0.701 – 0.721) 0.709 (0.699 – 0.720)

-- not included in the regression model[nijsje 4].

ESRD – end-stage renal disease; MI – myocardial infarction; OR, odds ratio; CI, confidence interval

The backward selection model includes all variables associated, after multivariable adjustment, with albuminuria at a p-value <0.20.
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Former and never smoking and excellent and very good self-rated health were grouped together as the referent category in the backward selection
and multivariable models as the association of these variables with albuminuria was similar.

†
This c-statistic is for diabetes, the single item with the highest c-statistic in the unadjusted models.
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