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IntroductIon

 Albuminuria, an established 
marker of kidney disease, affects 
more than 10 million US adults.1 It 
is a strong independent risk factor 
for cardiovascular disease (CVD), 
end-stage renal disease (ESRD), 
and all-cause mortality.2-4 Despite 
its high prevalence and prognostic 
importance, most individuals with 
albuminuria are unaware of having 
this condition.5 This low awareness 
is present in the general population 
and in high-risk groups, including 
individuals with diabetes.6-8 Re-
search has shown that population-
wide screening for albuminuria is 
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Objective: We previously developed an 
8-item self-assessment tool to identify 
individuals with a high probability of having 
albuminuria. This tool was developed and 
externally validated among non-Hispanic 
Whites and non-Hispanic Blacks. We 
sought to validate it in a multi-ethnic cohort 
that also included Hispanics and Chinese 
Americans. 

Design: This is a cross-sectional study.

Setting: Data were collected using stan-
dardized questionnaires and spot urine 
samples at a baseline examination in 2000-
2002. The 8 items in the self-assessment 
tool include age, race, gender, current ciga-
rette smoking, history of diabetes, hyperten-
sion, or stroke, and self-rated health. 

Participants: Of 6,814 community-dwelling 
adults aged 45-84 years participating in the 
Multi-Ethnic Study of Atherosclerosis (MESA), 
6,542 were included in the primary analysis. 

Main Outcome Measures: Albuminuria 
was defined as urine albumin-to-creatinine 
ratio ≥30 mg/g at baseline. 

Results: Among non-Hispanic Whites, non-
Hispanic Blacks, Hispanics, and Chinese 
Americans, the prevalence of albuminuria 
was 6.0%, 11.3%, 11.6%, and 10.8%, 
respectively. The c-statistic for discriminating 
participants with and without albuminuria 
was .731 (95% CI: .692, .771), .728 (95% 
CI: .687, .761), .747 (95% CI: .709, .784), 
and .761 (95% CI: .699, .814) for non-His-
panic Whites, non-Hispanic Blacks, Hispan-
ics, and Chinese Americans, respectively. 
The self-assessment tool over-estimated the 
probability of albuminuria for non-Hispanic 
Whites and Blacks, but was well-calibrated 
for Hispanics and Chinese Americans. 

Conclusions: The albuminuria self-assess-
ment tool maintained good test charac-
teristics in this large multi-ethnic cohort, 
suggesting it may be helpful for increasing 
awareness of albuminuria in an ethnically 
diverse population. Ethn Dis.2015;25(4):427-
434; doi:10.18865/ed.25.4.427
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not cost-effective; however, screen-
ing for albuminuria may be benefi-
cial among high-risk individuals.7-9 

 Using data from two large pop-
ulation-based studies, we previously 
developed and externally validated 
an 8-item self-assessment tool de-
signed to identify individuals with a 
high probability of having albumin-
uria.10 This tool is available for use 
on the National Kidney Foundation 
website.11 While this tool has dem-
onstrated strong test characteristics 
and has implications for increasing 
the awareness, detection, and treat-
ment of albuminuria, only non-
Hispanic White and non-Hispanic 
Black adults were included in the 
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tool’s development and validation. 
Validation of the albuminuria self-
assessment tool among Hispanic and 
Asian adults is necessary before it 
can be recommended for use in these 
populations. Therefore, we sought to 
assess the test characteristics (sensi-
tivity, specificity, and positive and 
negative predictive values), dis-
crimination, and calibration of the 
albuminuria self-assessment tool in 
a multi-ethnic cohort that included 
Hispanics and Chinese Americans. 
We also assessed the characteristics 
of the self-assessment tool for men 
and women, separately. To do so, we 
analyzed data from the Multi-Ethnic 
Study of Atherosclerosis (MESA). 

Methods

Study Population 

 Details of the MESA study de-
sign and recruitment have been pub-
lished previously.12 In brief, between 
July 2000 and August 2002, 6,814 
community-dwelling adults aged 45-
84 years who were free of clinically 
apparent cardiovascular disease were 
enrolled in MESA. Participants from 
four race/ethnicity groups (non-His-
panic Whites, non-Hispanic Blacks, 
Hispanics, and Chinese Americans) 
were recruited from six US commu-
nities: Baltimore City and Baltimore 
County, Maryland; Chicago, Illi-
nois; Forsyth County, North Caroli-
na; Los Angeles County, California; 
Northern Manhattan and the Bronx, 
New York; and St. Paul, Minnesota. 
The MESA study was approved by 
the institutional review boards of all 
participating centers, and written in-

formed consent was obtained from 
all participants, including consent to 
use the data for scientific purposes. 
Approval to conduct the current 
analysis was granted by the institu-
tional review board at the Univer-
sity of Alabama at Birmingham. 

Data Collection
 MESA data for the primary anal-
ysis were collected through a screen-
ing/recruitment questionnaire and 
a baseline examination. Additional 
data for the secondary analysis were 
collected during a follow-up exami-
nation occurring approximately 18 
months after baseline. The eight items 
in the self-assessment tool collected 
at baseline included age, sex (male 
or female), race-ethnicity (non-His-
panic Black, non-Hispanic White, 

Hispanic, or Chinese American), 
cigarette smoking (current vs for-
mer or never), self-reported history 
of diabetes, hypertension, or stroke, 
and self-rated health (excellent, very 
good, good, fair, or poor). Demo-
graphic information and data on 
tobacco use, hypertension, diabetes, 
and self-rated health were obtained 
using standardized questionnaires. 
Current cigarette smoking was de-
fined as having smoked cigarettes in 
the last 30 days. Hypertension and 
diabetes were defined by self-report 
of a prior diagnosis by a doctor or 
health professional. Individuals with 
a history of cardiovascular disease at 
baseline were not enrolled in MESA. 

Definition of Albuminuria and 
Persistent Albuminuria
 Using spot urine samples col-
lected at baseline and exam 2, uri-
nary albumin concentration was 
determined by nephelometry using 
the Array 360 CE Protein Analyzer 
(Beckman Instruments, Inc). Uri-
nary creatinine was measured by the 
Jaffé rate method using the Vitros 
950IRC instrument (Johnson & 
Johnson Clinical Diagnostics Inc). 
For our primary analysis, albumin-
uria was defined as an albumin-to-
creatinine ratio ≥30 mg/g at the 
baseline exam. In a secondary analy-
sis, the outcome was persistent albu-
minuria, defined as having an albu-
min-to-creatinine ratio ≥30 mg/g at 
both the baseline exam and exam 2.  

Statistical Analysis
 Of the 6,814 MESA participants 
who attended the baseline exam, 
we excluded those without infor-
mation on components of the self-
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assessment tool (n=94) or urinary 
albumin or creatinine (n=38), or 
who self-reported a prior diagnosis 
of kidney disease (n=140), resulting 
in the inclusion of 6,542 partici-
pants for the primary analysis. Us-
ing the albuminuria self-assessment 
tool developed in the REasons for 
Geographic And Racial Differences 
in Stroke (REGARDS) study,10 each 
MESA participant was assigned a 
predicted probability of having al-
buminuria at baseline using the fol-
lowing equation: exp(X)/(1+exp[X]) 
where X = -5.1062 + .0318 * (age 
in years) + .000994 * (age in years – 
65)2 + .3476 * (1 for non-Hispanic 
Blacks, 0 for other race-ethnicities) 
+ .2515 * (1 for men, 0 for women) 
+ .4383 * (1 for current smokers, 0 
for nonsmokers) + .2615 * (1 if self-
rated health is good) + .5043 * (1 if 
self-rated health is fair) + .4545 * (1 
if self-rated health is poor) + .8515 
* (1 for self-report of a diagnosis of 
diabetes, 0 for those not reporting 
diabetes) + .4755 * (1 for self-report 
of a diagnosis of hypertension, 0 for 
those not reporting hypertension) 

+ .3536 * (1 for prior stroke, 0 for 
those without a prior stroke). As the 
development of the self-assessment 
tool did not include Hispanics and 
Chinese Americans, we included 
them in the “other race-ethnicities” 
group. All analyses were conduct-
ed overall and separately for each 
race-ethnicity group (non-Hispanic 
Whites, non-Hispanic Blacks, His-
panics, and Chinese Americans). 
 Participant characteristics, in-
cluding the eight components of the 
self-assessment tool, were calculated 
for individuals with and without al-
buminuria, separately. We calculated 
sensitivity, specificity, and positive 
and negative predictive values for 
albuminuria associated with a prob-
ability ≥10%, the previously pub-
lished cut-point for identifying a 
high probability of albuminuria on 
the self-assessment tool.10 We then 
calculated the c-statistic for discrimi-
nating MESA participants with and 
without albuminuria associated with 
the probability of having albumin-
uria on the self-assessment tool. The 
c-statistic is a measure of how well 

a model discriminates between indi-
viduals with and without a condition 
(eg, albuminuria). For the current 
analysis, the c-statistic is the propor-
tion of all pairwise comparisons of 
participants, one with albuminuria 
and one without albuminuria, for 
which the participant with albumin-
uria had a higher predicted probabil-
ity on the self-assessment tool. We 
used a 1,000 iteration bias-corrected 
bootstrap to create 95% confidence 
intervals (CI) around the c-statistics. 
This approach involves resampling 
(with replacement) from the avail-
able data to create a large number 
of samples to approximate the dis-
tribution of the c-statistic. The c-
statistics in this sample are ordered 
from lowest to highest and the 25th 
and 975th values are considered the 
boundary for the 95% CI around 
the c-statistic. To assess calibration 
of the self-assessment tool, the ob-
served and predicted prevalence of 
albuminuria was calculated by quin-
tile of predicted probability. Since 
some people with albuminuria do 
not have it on re-retesting, we con-

Table 1. Baseline characteristics of MESA participants by race-ethnicity and albuminuria status

Non-Hispanic White
(n=2,538)

Non-Hispanic Black
(n=1,819)

Hispanic
(n=1,417)

Chinese-American
(n=768)

No
albuminuria
(n=2,387)

Albuminuria
(n=151)

No
albuminuria
(n=1,613)

Albuminuria
(n=206)

No
albuminuria
(n=1,253)

Albuminuria
(n=164)

No
albuminuria

(n=685)

Albuminuria
(n=83)

Age in years, mean (SD) 62.1 (10.2) 68.8 (9.6) 61.7 (10.0) 65.9 (9.5) 60.7 (10.1) 65.9 (10.9) 61.5 (10.2) 68.3 (9.7)
Male, % 47.8 51.7 43.9 50.5 48.7 47.0 48.3 42.2
Current smoker, % 11.3 13.3 17.9 16.5 13.7 12.8 5.6 4.8
Hypertension, % 30.4 56.3 52.3 74.8 31.0 64.6 29.1 60.2
Diabetes, % 4.7 13.9 12.7 41.3 12.8 42.7 7.9 34.9
History of stroke, % 0 0 0 0 0 0 0 0
Self-rated health, %
   Excellent 28.1 12.6 11.8 6.3 9.2 6.7 4.2 2.4
   Very good 44.3 46.4 31.9 21.4 23.5 16.5 29.4 14.5
   Good 24.4 32.4 44.2 46.6 50.8 58.5 64.2 79.5
   Fair 3.1 8.6 11.4 23.3 15.3 14.6 2.2 3.6
   Poor .1 0 .7 2.4 1.2 3.7 0 0
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ducted a secondary analysis wherein 
we examined the discrimination and 
test characteristics of the screening 
tool for identifying persistent albu-
minuria. These analyses were limited 
to the 5,911 MESA participants who 
attended, and had valid albuminuria 
measures, at both baseline and exam 
2. We also assessed the test charac-
teristics (sensitivity, specificity, and 
positive and negative predictive val-
ues), discrimination and calibration 
of the self-assessment tool for men 
and women, separately. All analyses 
were conducted using SAS version 
9.2 (SAS Institute, Cary, NC). 

results

Participant Characteristics
 Among non-Hispanic Whites, 
non-Hispanic Blacks, Hispanics, and 
Chinese Americans, the prevalence 
of albuminuria was 6.0%, 11.3%, 
11.6%, and 10.8%, respectively. On 
average, participants with albumin-
uria were older than those without 
albuminuria (Table 1). Participants 
with albuminuria were also more 
likely to self-report a history of hyper-
tension or diabetes. Individuals with 
vs without albuminuria were more 
likely to report fair or poor health. 

Validation of the Self-assessment 
Tool by Race/ethnicity
 Test characteristics for the self-
assessment tool identifying MESA 
participants with albuminuria are 
shown by race/ethnicity in Table 2. 
In the overall population, the sen-
sitivity, specificity, positive predic-
tive value, and negative predictive 
value were .72 (95% CI: .68, .76), 
.59 (95% CI: .58, .61), .17 (95% 
CI: .15, .18), and .96 (95% CI: 
.95, .96), respectively. The c-statis-
tic for discriminating participants 
with and without albuminuria was 
.743 (95% CI: .722, .763). The dis-
crimination was higher for Chinese 
Americans (c-statistic .761; 95% CI: 
.699, .814) and Hispanics (c-statis-

tic .747; 95% CI: .709, .784), com-
pared with non-Hispanic Whites (c-
statistic .731; 95% CI: .692, .771) 
and non-Hispanic Blacks (.728; 
95% CI: .687, .761). The self-as-
sessment tool over-estimated the 
probability of albuminuria for non-
Hispanic Whites and Blacks, but 
was well-calibrated for Hispanics 
and Chinese Americans (Figure 1).   

Validation of the Self-
assessment Tool for Persistent 
Albuminuria
 The prevalence of persistent al-
buminuria was 3.5%, 6.8%, 7.3%, 
and 6.4% among non-Hispanic 
Whites, non-Hispanic Blacks, His-
panics, and Chinese Americans, re-

Table 2. Test characteristics for albuminuria associated with a predicted probability of albuminuria ≥10% on the self-assess-
ment tool and c-statistics for discriminating MESA participants with albuminuria

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) c-statistic (95% CI)
Overall .72 (.68, .76) .59 (.58, .61) .17(.15, .18) .96 (.95, .96) .743 (.722, .763)
Race-ethnicity
   Non-Hispanic White .55 (.47, .63) .79 (.77, .81) .14 (.11, .17) .97 (.96, .97) .731 (.692, .771)
   Non-Hispanic Black .87 (.82, .91) .41 (.38, .43) .16 (.14, .18) .96 (.94, .97) .728 (.687, .761)
   Hispanic .71 (.63, .78) .68 (.65, .70) .22 (.19, .26) .95 (.93, .96) .747 (.709, .784) 
   Chinese-American .69 (.58, .78) .74 (.71, .78) .25 (.19, .31) .95 (.93, .97) .761 (.699, .814)

CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
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spectively. The sensitivity, specificity, 
positive predictive value, and nega-
tive predictive value for persistent 
albuminuria associated with a pre-
dicted probability ≥10% were .72 
(95% CI: .67, .77), .66 (95% CI: 
.65, .67), .11 (95% CI: .10, .12), 
and .98 (95% CI: .97, .98), respec-
tively (supplemental data available 
from lead author). The c-statistic 
for discriminating participants with 
and without persistent albuminuria 
was .756 (95% CI: .727, .780). 
The discrimination was higher for 
Hispanics (c-statistic .774; 95%CI: 
.728, .816) and Chinese Americans 
(c-statistic .758; 95% CI: .675, 
.827), compared with non-Hispanic 
Whites (c-statistic .740; 95% CI: 
.682, .789) and Blacks (c-statistic 
.743; 95% CI: .687, .790). The 
self-assessment tool over-predicted 
persistent albuminuria for each 
race-ethnicity group (supplemen-
tal data available from lead author).  

Validation of the Self-
assessment Tool by Sex
 The prevalence of albuminuria 
was 9.5% and 9.0% among men 
and women, respectively, while the 
prevalence of persistent albuminuria 
was 6.6% and 4.6% among men and 
women, respectively. The c-statistics 
for albuminuria were .763 (95% 
CI: .733, .787) and .730 (95% CI: 
.701, .759) among men and women, 
respectively (data not shown). The 
c-statistic for persistent albumin-
uria was .759 (95% CI: .717, .793) 
for men and .723 (95% CI: .683, 
.768) for women. For both men and 
women, the self-assessment tool was 
well-calibrated for albuminuria but 
over-estimated the probability of 

persistent albuminuria (supplemen-
tal data available from lead author).  

dIscussIon

 Using data from a large multi-
ethnic cohort, we validated a self-
assessment tool designed to identify 
individuals with a high probabil-
ity of albuminuria in non-Hispanic 
Whites, non-Hispanic Blacks, His-
panics and Chinese Americans. Al-
though the tool demonstrated only 
moderate sensitivity and specificity, 
it maintained good discrimination 
in each race-ethnicity. The self-as-
sessment tool was well-calibrated in 
Hispanics and Chinese Americans. 
Although the tool over-predicted al-
buminuria for non-Hispanic Whites 
and non-Hispanic Blacks in our 
study, it was well-calibrated among 
Whites and Blacks in our prior vali-
dation study using National Health 
and Nutrition Examination Survey 
(NHANES) data.10 When evalu-
ated in men and women, the self-
assessment tool performed well in 
each group with good discrimi-
nation and calibration statistics. 
Therefore, this tool could be used 
to increase albuminuria awareness 
among individuals with a high risk. 
 The early stages of CKD are 
usually asymptomatic and thus, 
awareness is low both in the general 
population and in high-risk popu-
lations.5,13-17 In a prior analysis of 
MESA data, albuminuria was associ-
ated with higher mean end-diastolic 
left ventricular mass and coronary 
artery calcification scores.18 In other 
studies, albuminuria has been associ-
ated with an increased risk for CVD 

events, ESRD, and death.3,4 These 
data suggest that early albuminuria 
detection could provide an oppor-
tunity for risk reduction. In 2000, 
the National Kidney Foundation 
developed a free voluntary commu-
nity-based kidney health screening 
program (Kidney Early Evaluation 
Program [KEEP]) to identify in-
dividuals at greatest risk of CKD, 
particularly those with diabetes or 
hypertension.6,19 Since its inception, 
KEEP has screened approximately 
185,000 high-risk individuals.20 
Although awareness of CKD is in-
creasing, overall rates remain low.5

 While screening for albuminuria 
is feasible in a primary care setting, 
population-wide albuminuria screen-
ing is not recommended and studies 
show it is likely not cost-effective.21-23 
However, data have suggested it is 
cost-effective to screen for albumin-
uria in high-risk populations.9,24 The 
American Diabetes Association rec-
ommends screening for CKD in all 
patients with diabetes and several 
organizations, including the Joint 
National Committee on Prevention, 
Detection, Evaluation, and Treat-
ment of High Blood Pressure (JNC), 
recommend screening patients be-
ing treated for hypertension.25 The 
self-assessment tool provides an op-
portunity to identify high-risk indi-
viduals for albuminuria screening.
 The prevalence of albuminuria 
was higher among Hispanics and 
Chinese Americans compared with 
non-Hispanic Whites in our study, 
highlighting the importance of in-
creasing awareness among these 
groups. Among Hispanics, a recent 
study of NHANES participants 
demonstrated a higher odds of albu-
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minuria compared to Whites (mul-
tivariable adjusted odds ratio: 1.65; 
95% CI: 1.07, 2.54).26 Furthermore, 
the incidence of ESRD among His-
panics in the United States is 1.8 
times higher than that of Whites.27 
Among Asians, data suggest that 
the risk of ESRD is similar to that 
of Whites.28 Hispanics, but not 
Asians, are also more likely to forego 
medical visits than Whites, particu-
larly in the wake of the “Great Re-
cession” of 2007-2009.29 As such, 
a self-assessment tool may be es-
pecially important for increasing 
awareness of CKD in Hispanics.
 Framingham study data show that 
men have an increased risk for inci-
dent albuminuria compared to women 
(OR: 1.89; 95% CI: 1.37, 2.56).30 

However, men are also less likely than 
women to utilize many health care 
services.31,32 In a cohort of 1,742 US 
adults participating in targeted, free, 
community-based CKD screenings, 
70% were women.33 This suggests a po-
tential unmet need for screening strate-
gies for men at high risk for CKD. The 
self-assessment tool validated in our 
study demonstrated good discrimina-
tion and calibration for both men and 
women, suggesting it may be useful 
for increasing albuminuria awareness, 
particularly among men who otherwise 
would not utilize screening services.  
 The albuminuria self-assessment 
tool validated in our study includes 
eight items that are individually as-
sociated with albuminuria.34-37 In de-
velopment of the self-assessment tool, 
the items in aggregate provided signifi-
cantly better discrimination than any 
of the items individually.10 Although 
self-assessment tools such as the one 
validated in our study allow for wide-

spread use, they do not provide clini-
cal diagnoses. Individuals with a high 
probability for albuminuria based on 
the self-assessment tool should be rec-
ommended for further screening us-
ing spot urine testing for albuminuria. 
The best approach for effectively com-
municating the need for screening for 
individuals who test positive on the 
albuminuria self-assessment tool war-
rants further study. Also, the overall 

should be interpreted in the context of 
certain limitations. The self-assessment 
tool was developed using interviewer-
administered questionnaires and thus, 
are subject to the inherent limitations 
of self-reported data. Evaluating the test 
characteristics of the tool using other 
modes of administration may be use-
ful. For the current validation study, the 
eight items of the tool were part of sev-
eral different questionnaires collected as 
part of the baseline MESA study visit, 
and the eight items were not adminis-
tered in an uninterrupted succession. 
Also, the MESA study was limited to 
adults aged ≥45 years. Although albu-
minuria is not common in younger 
adults, future efforts may be warranted 
to validate the self-assessment tool for 
adults ≥45 years of age. The exclusion 
of individuals with a history of cardio-
vascular disease from MESA and the 
fact that the Asian participants were 
primarily of Chinese descent may limit 
the generalizability of our findings. 
Additionally, individuals with weight 
>300 lbs were excluded from MESA 
and thus, our results may not be gener-
alizable to the severely obese.  

conclusIon 

 In conclusion, albuminuria is an 
important risk factor for ESRD, CVD, 
and mortality. Early detection and 
treatment may reduce the risk of these 
events. However, despite the prognos-
tic importance of albuminuria and the 
availability of effective treatments for it, 
awareness of albuminuria in the gen-
eral population is low. In our study, we 
have externally validated an albumin-
uria self-assessment tool among non-
Hispanic Whites, non-Hispanic Blacks, 

sensitivity and specificity were mod-
est (72% and 59%, respectively) and 
future studies may identify screening 
tools with improved test characteristics.
 Our study has a number of strengths. 
These include the use of a large multi-
ethnic study population that provided 
an adequate sample size to validate the 
albuminuria self-assessment tool in 
four race-ethnicity groups. Also, MESA 
included extensive data collection fol-
lowing rigorous standardized proto-
cols. The availability of albuminuria 
at a follow-up examination allowed us 
to validate the self-assessment tool for 
persistent albuminuria. Despite these 
strengths, the findings of our study 
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Hispanics and Chinese Americans. The 
tool maintained good discrimination 
and calibration in this large multi-eth-
nic cohort, suggesting it may be helpful 
for increasing awareness of albuminuria 
in an ethnically diverse population.
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