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Abstract

BACKGROUND—AIbuminuria, defined as urine aloumin/creatinine ratio (ACR) =30 mg/g, is a
diagnostic component of chronic kidney disease (CKD). National estimates of ACR and CKD
prevalence have been based on single random urine samples. Although 2 urine samples or a first
morning void are known to produce different estimates of ACR, the impact of differing urine
sampling schemes on nationally estimated rates of CKD is unknown.

METHODS—In 2009-2010, the National Health and Nutrition Examination Survey (NHANES)
participants provided 2 untimed urine samples for sequential ACR measurement: an initial random
urine collected in the NHANES mobile examination center and a subsequent first morning void
collected at home. Rates of albuminuria were calculated in the overall population and broken
down by demographics, diagnosed diabetes and hypertension status, and estimated glomerular
filtration rate (eGFR).

RESULTS—Ouverall, 43.5% of adults with increased ACR (=30 mg/g) in a random urine also had
increased ACR in a first morning urine. This percentage was higher among individuals =50 years
old (48.9%), males (53.3%), participants with diagnosed diabetes (56.3%) and hypertension
(51.5%), and eGFR <60 mL/min/1.72m? (56.9%). The use of confirmed increased ACR (defined
as the presence of ACR =30 mg/g in both samples taken within 10 days) to define CKD resulted in
a lower overall prevalence (11.6%) than first morning urine (12.7%) or random spot urine only
(15.2%).
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CONCLUSIONS—ACR measured on random urine samples appears to overestimate the
prevalence of albuminuria compared to first morning urine collections.

Methods

More than 10% of US adults meet the diagnostic criteria for chronic kidney disease (CKD)4
(1), defined as reduced kidney function or the presence of kidney damage for at least 3
months regardless of kidney function. Kidney damage is ascertained by increased urinary
markers, such as albuminuria, or by abnormal urinary sediment, abnormal imaging studies,
or kidney biopsy (2). Albuminuria is defined by a urinary albumin-to-creatinine ratio (ACR)
>30 mg/g, is often considered an early marker of glomerular kidney diseases, and is
associated with an increased risk of death independent of the level of kidney function (3). In
the United States, previous studies have estimated the population prevalence of increased
ACR as 7.8% on the basis of a single random urine sample (4).

Owing to the high within-individual variation of ACR (5, 6), clinical recommendations for
diagnosing CKD when glomerular filtration rate (GFR) is within reference intervals require
that at least 2 urinary samples collected within 3—-6 months contain 230 mg albumin per g
creatinine in the absence of clinical or laboratory evidence of urinary tract infection (7).
Although a 24-h urine collection is considered the gold standard for detecting increased
albumin excretion, this method is laborious and prone to collection error and therefore
impractical for surveillance. ACR measured in a spot morning urine collection correlates
well with the timed excretion rate in cross-sectional studies and is a strong predictor of
kidney disease progression in longitudinal studies (8, 9). ACR measurements in random
untimed urine samples generally show a higher within-person biological CV than is found
for first or second morning samples (5). However, comparisons between studies are difficult
due to lack of standardized methodology.

In the United States, persistence of albuminuria, on the basis of a repeat examination at the
National Health and Nutrition Examination Survey (NHANES) Mobile Examination Center
(10), was previously estimated at approximately 63% in a subsample of 1988-1994 adult
participants. It is not known if changes in the demographics and disease characteristics of
the US population since the early 1990s have influenced this estimate. In NHANES 2009-
2010, 2 urine samples were collected for ACR determination in participants aged 6 years
and older, including an initial random spot urine at the Mobile Examination Center and a
subsequent first morning void at home. This report presents distributions of random and first
morning urine measures, measures of agreement between the 2 urine collections, and
highlights related to methodological issues and differences in national prevalence estimates
for CKD.

NHANES is a cross-sectional survey of the health and nutritional status of the US civilian,
noninstitutionalized population conducted by the National Center for Health Statistics, CDC
(11, 12). Participants were randomly selected through a complex, multistage cluster

Nonstandard abbreviations: CKD, chronic kidney disease; ACR, urinary albuminto-creatinine ratio; GFR, glomerular filtration rate;
NHANES, National Health and Nutrition Examination Survey; HTIB, 2,4,6-triiodo-3-hydroxybenzoic acid; eGFR, estimated GFR;
MDRD, Modification of Diet in Renal Disease; KDOQI, Kidney Disease Outcomes Quality Initiative.
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sampling probability design. NHANES collects data through interviews in participants’
homes and conducts medical examinations and laboratory assessments in the Mobile
Examination Center, where survey participants are randomly assigned to either a morning or
afternoon/evening examination session. For this report, we analyzed NHANES data from the
survey period 2009-2010 on participants who were 20 years or older and also had 1
subsequent measurement of urinary albumin, creatinine, and ACR (n = 5247) (11-13).
Participation in both the interview and physical examination was 77.3% (13).
Approximately 89% of adults who had a random urine ACR measurement during the Mobile
Examination Center also completed the first morning void home urine collection.

URINE SAMPLE COLLECTION

During the Mobile Examination Center examination session, participants were asked to
provide an initial random spot urine sample (12). In addition, participants were provided
with a kit for a home urine collection (14-16) and asked to collect a first morning void urine
sample in their homes and mail it to the NHANES laboratory within 10 days of the initial
Mobile Examination Center exam. The home sample collection kit included a Styrofoam
shipping container, refrigerant gel pack pouch (Polar Pack®), a 60-mL plastic sample cup
with screw-on lid, Ziploc® plastic bag with absorbent pad, temperature monitoring strip, and
instructions on how to collect and mail the urine sample to the testing laboratory. The
contents of the home urine collection kit were explained to the participants by the Mobile
Examination Center examiner, who provided verbal, written, and visual instructions to
reinforce the procedure. A self-addressed, stamped shipping container with a US Postal
Service Priority Mail shipping label to the analytical laboratory was also provided (14).

The initial random urine collection at the Mobile Examination Center is referred to
henceforth as the random sample, and the first morning void home urine collection is the
first morning sample.

LABORATORY MEASUREMENTS AND DEFINITIONS

To measure urine albumin, we used a fluorescence immunoassay as described by Chavers et
al. (17). The assay involves a solid-phase, noncompetitive, double-antibody reaction. Urine-
sample albumin antigen reacts with albumin antibody that is covalently attached to
polyacrylamide beads. The resulting solid-phase antibody complex is then reacted with
fluoresceinlabeled antibody. Unattached fluorescent antibody and other proteins are
removed by centrifugation. We measured the fluorescence of the stable solid-phase double-
antibody complex with a Turner Digital 450 Fluorometer (Sequoia-Turner Corp.) with
excitation wavelength 485 nm and emission wavelength 525 nm. More details on the urine
albumin assay method are available (15). The interrun assay CV for urine albumin was
4.4%-12.0% for a mean concentration range of 1.9 —-16.3 mg/L.

To measure urine creatinine, we used a coupled end-point enzymatic method in which urine
creatinine is converted to creatine by creatininase. Creatine is then converted to sarcosine
and urea via creatinase. Sarcosine oxidase converts sarcosine to glycine and hydrogen
peroxide, and the hydrogen peroxide reacts with a chromophore HTIB (2,4,6-triiodo-3-
hydroxybenzoic acid) by the use of peroxidase to produce a quinone imine chromogen

Clin Chem. Author manuscript; available in PMC 2015 September 08.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Saydah et al.

Page 4

product measured at 546 nm (secondary wavelength at 700 nm). We performed the urine
creatinine method on a Roche/Hitachi Modular P analyzer (Roche Diagnostics). More
details on the urine creatinine assay method are available (16). The interrun assay CV for
urine creatinine was 1.4%-4.4% for a mean concentration range of 18.5-97.1 mg/dL.

We estimated urinary albumin excretion by computing the ACR in units of milligrams per
gram. ACR was considered increased if ACR was =30 mg/g. Confirmed albuminuria was
defined by ACR =30 mg/g in both random and first morning samples. Increased ACR was
also defined by sex-specific values as =35 mg/g for women and =25 mg/g for men in
separate analyses (18).

Diagnosed diabetes was defined as a positive response to the question, “Have you ever been
told by a doctor or other health care professional that you had diabetes?”

Blood pressure was measured during the NHANES physical examination in the mobile
examination center. Three blood pressure measurements were taken by a physician after a 5-
min rest following the NHANES standard protocol, and the mean of the measurements was
used for the analysis (19).

Hypertension was defined by either a positive response to 1 of the following questions:
“Have you ever been told by a doctor or other healthcare professional that you had
hypertension, also called high blood pressure?” or “Are you now taking prescribed
medication for hypertension?,” or by measured systolic blood pressure > 140 mmHg and /or
diastolic blood pressure >90 mmHg. A few participants (approximately 2%) had only 1 or 2
blood pressure measurements. The mean of 2 measurements or the single measurement was
used for these participants.

To obtain estimated GFR (eGFR) based on serum creatinine, we used the Modification of
Diet in Renal Disease (MDRD) and Chronic Kidney Disease Epidemiology Collaboration
(CKD-Epi) equations (20, 21). eGFR is based on a single measurement of serum creatinine.

STATISTICAL ANALYSIS

The distributions of urinary albumin, creatinine, and ACR were estimated for the random
and first morning samples. Bland—Altman plot was used to look at the relationship between
the paired differences of random ACR and first morning ACR with the mean of the 2. To
improve the fit of the graph, participants with ACR =300 (h = 128) were excluded from the
plot (22, 23).

The percentages of participants with increased ACR according to each sample and the
percentages of confirmed increased ACR are presented in all participants and broken down
by selected characteristics. Percent confirmed increased ACR was defined as increased ACR
in first morning urine among participants with increased ACR in random urine.

To show the impact of the use of both urine collections for ACR measurement vs a single
spot urine collection, we estimated the prevalence of CKD defined by eGFR <60 mL - min~1
- (1.73 m?)~L or confirmed increased ACR and by eGFR <60 mL - min™1 . (1.73m2) 1 or
increased random ACR.
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Concordance between the 2 measures was calculated by use of the « statistic and observed
agreement. The « statistic was used as a quantitative measure of agreement for increased
ACR status between the 2 urine collections, overall, and by demographic characteristics,
diabetes, and hypertension. A k coefficient of 1 indicates perfect agreement for increased
ACR, whereas a x coefficient of 0 indicates agreement equivalent to chance. Sample
weights were used in the calculation of the k coefficient. The percent agreement for
increased ACR status was calculated on the basis of a 2 x 2 table as [(number concordant for
increased ACR + number concordant for ACR within reference intervals)/total number] x
100. Both measures of concordance are based on 2 x 2 tables with ACR categories of <30
mg/g and =30 mg/g.

We used 2-sided t-tests to compare groups and considered P < 0.05 statistically significant.
Sample weights were used to produce nationally representative estimates that accounted for
the NHANES complex survey design, including its stratified multistage cluster sampling.
We used SAS 9.2 for the Bland—Altman plot and x analysis and SUDAAN 10 software
(Research Triangle Institute) for the other statistical analyses.

Clinical and demographic characteristics of the 5247 adults who completed both random and
first morning collections and the 812 adults who provided a random urine sample only (i.e.,
did not mail the home urine collection) are shown in Table 1. Participants who completed
only the random urine collection were younger (P = 0.001), more likely to be Hispanic or
non-Hispanic black (P = 0.001), and less likely to have hypertension (P = 0.003) or
decreased eGFR (P = 0.004) compared with adults who completed both urine collections. Of
the participants who completed both urine collections, 77.4% were non-Hispanic whites,
44.9% were at least 50 years old, and 36.2% had hypertension.

The means and distributions of albumin and creatinine are reported in Supplemental Table 1,
which accompanies the online version of this article at http://www.clinchem.org/content/
vol59/issue4. Median albumin concentration was 6.3 mg/L in the random sample and 5.6
mg/L in the first morning void. Median creatinine concentration was 104 mg/dL in the
random sample and 117 mg/dL in the first morning void.

Means and distributions of ACR in the random and first morning urine samples are
presented in the Table 2. The median ACR was 6.0 mg/g in the random sample and 4.5 mg/g
in the first morning void. First morning ACR and random ACR were highly correlated
(Pearson correlation coefficient r = 0.826, P < 0.001). Further, on the basis of linear
regression models of the random ACR and first morning ACR, the R? value was 0.683,
indicating that close to 70% of the variation observed in the random ACR was explained by
the first morning ACR. The analysis was repeated separately for males and females (see
online Supplemental Table 2). Although similar patterns are observed for both males and
females, the Pearson correlation for ACR and albumin was much higher in males (r = 0.956
and 0.859, respectively) compared with females (r = 0.612 and 0.672, respectively).
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From the Bland—Altman plot presented in Fig. 1, the larger the mean of the random and first
morning samples, the greater the differences of those values from zero. The horizontal lines
indicate the 95% confidence bands around zero on the graph. First morning ACR and
random ACR were highly correlated (Pearson r = 0.826; P < 0.001). Further, on the basis of
linear regression models of the random ACR and first morning ACR, the R? value was
0.683, indicating that close to 70% of the variation observed in the random ACR was
explained by the first morning ACR.

The proportion of participants with albuminuria in each of the 2 urine collections is
presented in Table 3 according to demographic and clinical characteristics. The percent of
participants with increased ACR was highest for the random urine alone (overall 7.7%),
followed by the first morning urine (overall 4.7%). Only 3.5% of all participants had
increased ACR in both the random and first morning samples. Among participants with
increased ACR in the random urine, 43.5% of participants had confirmed increased ACR in
the first morning urine, with a higher agreement in those 50 years and older, men, Hispanics,
and participants with diabetes, hypertension, or decreased eGFR. When sex-specific
definitions for increased ACR were used, similar patterns were found (see online
Supplemental Table 3). However, confirmed increased ACR was higher among males
(53.8%) compared with females (36.4%), even when sex-specific cutpoints were used (see
online Supplemental Table 3).

Concordance of ACR category (increased or not) between the 2 samples was estimated by «
and percent agreement. The k agreement for albuminuria status between the 2 samples was
moderate in the overall population (0.51), and higher in males and in those with diabetes or
hypertension (Table 4). The observed agreement for ACR status between the 2 measures
was 94.3%, with lowest proportion among adults with diabetes and eGFR between 30 and
59 mL - min~1 - (1.73 m2)~1 (87.4%, 95% CI 84.6 —90.1) and highest proportion in those
20-49 years old (95.6%, 95% CI 94. 9-96.3) and men (95.9%, 95% CI 94.6 —-97.1).

When CKD was defined by a confirmed increased ACR or the MDRD eGFR <60 mL -
min~1 . (1.73 m2)71, the age-standardized prevalence of CKD was 11.6% (95% CI1 9.9 —
13.3). This was lower than the prevalence determined from increased ACR in the first
morning urine (12.7%, 95% CI 11.0 —14.3) or increased ACR in the random urine
measurement (15.2%, 95% CI 13.3-17.1) (Table 5). Similar results were seen with the
CKD-Epi equation (see online Supplemental Table 3). The prevalence of CKD by a
confirmed increased ACR or the CKD-Epi eGFR <60 mL - min™1 - (1.73 m?)~1 was 13.2%
(95% CI 11.5- 14.9), whereas the prevalence based on the first morning urine was 12.2%
(95% CI 10.5-13.9) and that based on the random urine measurement was 15.7% (95% ClI
13.9 -17.6).

Discussion

The occurrence of increased ACR among NHANES 2009-2010 adult participants was
significantly different when results from random urine collections were compared to results
from first morning samples. Overall, we observed fewer increased ACR values in the first
morning void. Estimates of prevalence of albuminuria are higher when measured from
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random urine than from first morning voids. Although both measurements were performed
in laboratories by the use of the same analytic methods, different methodologies were used
for the collection of samples. These results indicate that ACR values were primarily affected
by preanalytic factors, such as when (i.e., random or first morning) and how the urine was
collected during the day and shipped to the laboratory. Although regulatory agencies
develop and maintain best practices by requesting that research and clinical laboratories
maintain control over preanalytical, analytical, and postanalytical processes, the sample
collected for urine albumin is not standardized (5, 24, 25).

Albuminuria is important in identifying people with CKD in the clinical and public health
settings. Increased urine albumin is the diagnostic criterion for approximately half of the
people identified with CKD in the United States. First morning urine is generally accepted
as a more reliable indication of albumin excretion, since it corresponds closely with 24-h
urine collection. A 24-h urine collection is often considered the gold standard for detecting
increased ACR. Studies comparing a first morning void to a 24-h urine collection to detect
increased ACR found high sensitivity (>94%) and specificity (98%) (26-32). Studies that
compared a random urine to a 24-h urine collection to detect increased ACR found a wider
range of sensitivities (48%-93%)((26, 27, 28, 30, 32). However, these studies had small
sample sizes (26, 27), included only individuals with diabetes or kidney disease (26, 28), or
were not representative of the general US population (29, 33).

Preanalytic factors, specifically whether the urine was collected from a random urine or first
morning void, may have an important bearing on identification of people with CKD based
on urine albumin. The use of either confirmed increased ACR or eGFR to define CKD
lowers the estimated prevalence of CKD among adults from 15.2% with a random urine or
12.7% with first morning urine to 11.6%.

Several factors suggest caution when analyzing the ACR measurements. First, diurnal
fluctuation in albumin excretion has been established to range between 20% and 50%, (5,
33), with the lowest excretion during nocturnal recumbence and in the morning, and higher
excretion during daytime owing primarily to orthostasis and higher GFR (34). Indeed, the
proportion of people in whom increased ACR was confirmed in the NHANES sample was
much lower than the 63% persistence estimated among 1241 participants in NHANES 111
(1988 —1994) (10). However, both urine samples in NHANES |11 were random collections.

In NHANES I11, both urine samples were collected at the Mobile Examination Center and
therefore handled in uniform fashion, whereas in NHANES 2009-2010 only the random
sample was collected at the Mobile Examination Center unit; the first morning void was
collected at home and subsequently mailed to the NHANES laboratory. The different
collection, handling, and storage conditions before laboratory analysis might have affected
the consistency of the results across the 2 collections. Previous studies have indicated that
albumin is stable in urine stored at 4 °C for up to 4 weeks (35); however, factors such as
long storage at room temperature and bacterial contamination might alter the albumin
immunoassay results. In an effort to reduce these potential factors in NHANES 2009-2010,
the participants received detailed instructions for the home urine collection on how to collect
and ship the sample and were provided with refrigerant packs and a temperature strip to
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detect high temperatures during shipping. The laboratory did not perform the albumin assay
when the temperature strip reading was above 54 °C.

In clinical practice, patients often are asked initially to provide a random urine sample to
screen for chronic kidney disease. If increased ACR is detected, these patients are typically
advised to provide a first morning urine sample for confirmation of the diagnosis. However,
there is little agreement across clinical professional organizations on the preferred method
for diagnosis (5). These results show that groups with a higher prevalence of chronic kidney
disease (i.e., older adults, adults with diabetes or hypertension) were also more likely to
have persistently increased ACR. It is important to confirm persistence of albuminuria in
diagnosing CKD for both public health and clinical purposes. Although both the Kidney
Disease Outcomes Quality Initiative (KDOQI) guidelines (7) and the American Diabetes
Association (36) recommend screening for albuminuria in all patients at risk for kidney
disease, inconsistency in measurement of ACR is also evident at the national level.
According to US Renal Data System reports, the likelihood of a serum creatinine test in
patients at risk for CKD is 5-13 times higher than that of a urinary albumin test across
demographic categories (37). Only 1 in 3 patients with diabetes was tested for albuminuria
in 2009, whereas 87% received a serum creatinine test. Among Medicare patients diagnosed
with both diabetes and hypertension, the probability of being tested for albuminuria was
35%, and for serum creatinine, 93% (37). A survey conducted among general practitioners
in 9 European countries found that 45%—77% of patients with an initially increased ACR
received repeat testing, with large variations described in the type of samples tested and
reported measurement units (38). Data on the use of persistence of albuminuria to diagnose
CKD in clinical practice are not available for the United States.

In addition to the limitations in the data mentioned previously, it is also important to
remember that NHANES is a survey of the noninstitutionalized population. Therefore,
individuals living in nursing homes are not included. These individuals tend to be older and
are more likely to have chronic conditions, both of which may increase the prevalence of
increased ACR. However, NHANES is a nationally representative sample of the
noninstitutionalized population, and current national estimates of the prevalence of CKD are
based on data from NHANES (1).

Correct assessment of albumin excretion is a key step in the early detection and management
of CKD. These results support previous studies highlighting the differences in prevalence
rates of albuminuria on the basis of when a urine sample is collected. Clinicians should be
aware of these differences and be careful to repeat positive random urine albumin results on
a first morning void sample to avoid over-diagnosing patients with CKD based on
albuminuria. Public health researchers need to be aware of these observations when using
surveys to estimate increased ACR and chronic kidney disease. Increased ACR based on
single random urine will likely overestimate the prevalence of both albuminuria and CKD in
the population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Bland-Altman plot of random and first morning ACR for adult participants with ACR
<300 (n =5119), NHANES 2009-2010

Horizontal dashed lines on either side of zero represent the 95% Cls for the difference
between random and first morning ACR.
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Table 1

Characteristics of adult participants (age =20 years) in NHANES 2009-2010 who had a random urine ACR
measurement only, and those with ACR measurements in both random and first morning urine samples.2

Both
random
Random and first
urine ACR morning  ¥2P
only urine ACR  value
Number of participants 812 5,247
Age, years <0.001

20-49 70.3(2.23)  55.1(1.46)

>50 29.7(2.23)  44.9 (1.46)

Male 52.2(1.83) 47.8(0.49) 0.7
Female 48.8(1.83) 52.2(0.49)
Race/ethnicity? 0.001

Non-Hispanic white 63.5(4.96) 74.4(3.04)

Non-Hispanic black 17.0 (2.10)  11.6 (1.00)

Hispanic 195(459)  14.0 (2.91)
Diabetes® 8.1(1.70) 8.6(0.42) 0.0
Hypertensiond 28.4(1.94) 362(135) 0.003
eGFR,&mL - min~ - (1.73 m?)1 0.004

=90 63.0 (2.24)  55.5(1.39)

60-89 30.5(2.29)  39.0 (1.25)

30-59 5.3 (0.86) 5.0 (0.39)

aData are weighted percent + SE.
b“Other" not listed owing to small sample size (n = 298).
CDefined by self-report of diagnosis.

dDefined by self-report of diagnosis, self-reported anti-hypertensive treatment, or measured systolic blood pressure 2140 mmHg or diastolic blood
pressure 290 mmHg.

eDefined by MDRD equation; <30 mL - min~1. (1.73 mZ)‘1 not listed owing to small sample size (n = 33).
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Table 2

Means and distributions of ACR in the random and first morning urine samples collected within 10 days in
adults =20 years old, NHANES 2009-2010 (n = 5247).2

Random  First morning
sample sample
ACR, mg/g

Mean 23.7 15.9
95th percentile 46.5 28.2
75th percentile 10.6 6.9
50th percentile 6.0 45
25th percentile 3.9 3.2
5th percentile 24 2.1

aPearson correlation between random and first morning ACR, 0.826v (P <0.001).
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Albuminuria in random urine and first morning void urine samples, adults with both urine samples available
for the NHANES 2009-2010.2

Increased ACR in

Confirmed increased ACR

first morning sample

in

random among those with

Increased ACR in  Increased ACR in first and first morning increased ACR in random

random sample morning sample sample sample

n 5247 5247 5247 556
Overall 7.7 (6.4-9.1) 4.7 (3.8-5.6) 3.6 (2.6-4.5) 435 (35.8-51.2)
Age 20-49 years 4.7 (3.9-5.6) 2.8 (2.0-3.6) 1.6 (1.0-2.2) 32.8(22.4-43.3)
Age =50 years 11.4 (8.9-13.9) 7.1 (5.7-8.5) 6.0 (4.4-7.6) 48.9 (41.2-56.7)
Male 7.2 (5.8-8.6) 4.6 (3.6-5.5) 4.0 (3.0-5.0) 53.1 (41.4-64.9)
Female 8.2 (6.4-10.0) 4.9 (3.5-6.2) 3.2 (2.0-4.3) 35.8 (27.5-44.0)
Hispanic 9.8 (7.2-12.3) 5.8 (4.1-7.5) 5.1 (3.4-6.8) 49.0 (42.1-55.8)
Non-Hispanic white 7.0 (5.3-8.7) 4.2 (3.0-5.4) 3.0 (1.9-4.2) 41.0 (29.0-52.9)
Non-Hispanic black 9.9 (7.1-12.7) 6.2 (4.2-8.2) 4.7 (3.0-6.5) 44.50 (35.3-53.7)

DiabetesP 24.1 (19.9-28.3) 15.7 (12.3-19.0) 15.5 (11.9-19.2) 56.3 (46.7-65.8)
No diabetes 6.2 (4.9-7.5) 3.7 (29-45) 2.5 (1.8-3.3) 38.9 (30.2-47.6)
Hypertension® 13.7 (11.2-16.3) 8.4 (6.8-10.0) 7.8 (6.2-9.4) 51.5 (43.7-59.3)
No hypertension 5.1 (3.9-6.2) 3.1(2.2-4.0) 1.7 (0.9-2.5) 29.5 (19.7-39.4)
eGFR dmL - mint. (1.73
m2)—l
290 5.5 (4.3-6.7) 3.4 (2.5-4.4) 2.0 (1.2-2.9) 35.0 (24.9-45.1)
60-89 8.1 (5.8-10.4) 4.3 (3.0-5.6) 3.6 (2.2-5.0) 41.7 (28.1-55.3)
30-59 23.2 (16.6-29.8) 16.0 (8.9-23.1) 15.2 (9.1-21.2) 56.9 (41.1-72.7)

aData are % (95% ClI). Increased ACR defined as 230 mg/g. Confirmed albuminuria is defined by the presence of ACR =30 mg/g in 2 samples

taken within 10 days.

bDiagnosed by self-report of diagnosis.

CDefined by self-report of diagnosis, self-reported anti-hypertensive treatment, or measured systolic blood pressure 2140 mmHg or diastolic blood

pressure 290 mmHg.

dDefined by MDRD equation; <30 mL - min—1. 1.73 mz)‘l not listed owing to small sample size (n = 50).
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Concordance using x statistics and observed agreement between the random and first morning urine samples

for albuminuria in adult participants in NHANES 2009-2010 (n = 5247).2

Agreement, %

Variable K (95% ClI)
Overall 051 94.3(93.2-95.3)
Age 20-49 years 0.39  95.6 (94.9-96.3)
Age =50 years 0.57 92.7 (90.7-94.6)
Male 0.63 95.9(94.6-97.1)
Female 0.41 92.8(91.5-94.1)
Hispanic 058 94.0(92.5-95.5)
Non-Hispanic white 0.48 94.5(93.1-95.9)
Non-Hispanic black 0.51 92.7 (90.3-95.2)
DiabetesD 061 87.4(84.6-90.1)
No diabetes 0.46  94.9 (94.0-96.0)
HypertensionC 0.61 92.3(90.1-94.5)
No hypertension 0.38  95.4 (94.6-96.2)
eGFR,9mL - min! - (1.73 m)

=90 0.41  94.9 (94.0-95.8)

60-89 051 94.4(92.5-96.2)

30-59 0.60 87.2(81.9-92.6)

aPercent agreement defined as observed agreement based on agreement of increased ACR and non-increased ACR [# concordant (on diagonal)/

total #] x 100. xk defined as (observed agreement — expected agreement)/(1 — expected agreement).

bDiagnosed by self-report of diagnosis.

CDefined by self-report of diagnosis, self-reported anti-hypertensive treatment, or measured systolic blood pressure 2140 mmHg or diastolic blood

pressure =290 mmHg.

dDefined by MDRD equation; <30 mL - min~1. .73 m2)'1 not listed owing to small sample size (n = 50).
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Table 5

Age-standardized prevalence (95% CI) of CKD in adult participants in NHANES 2009-2010 who had repeat
ACR measurements (n = 5247).2

CKD based on random CKD based on first CKD based on confirmed
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Variable morning ACR increased ACR
All 15.2 (13.3-17.1) 12.7 (11.0-14.3) 11.6 (9.9-13.3)
Age 20-49 years 8.7 (7.1-10.3) 6.7 (5.1-8.4) 5.6 (4.0-7.3)

Age 250 years 24.0 (21.4-26.7) 20.8 (18.8-22.9) 19.6 (17.5-21.8)
Male 13.2 (11.3-15.1) 11.0 (9.1-12.9) 10.4 (8.4-12.5)
Female 17.0 (14.6-19.4) 14.3 (12.3-16.0) 12.6 (10.9-14.4)
Hispanic 16.3 (13.3-19.3) 11.9 (9.8-14.1) 11.1 (8.8-12.5)

Non-Hispanic white

13.9 (11.7-16.1)

11.6 (9.9-13.4)

10.7 (8.9-12.5)

Non-Hispanic black

21.1 (18.1-24.1)

18.1 (15.5-20.7)

16.4 (14.3-18.6)

DiabetesP

29.6 (22.7-36.5)

23.4 (17.2-29.6)

22.7 (16.5-28.8)

No diabetes

135 (11.7-15.2)

11.28 (9.9-12.1)

10.2 (8.8-11.7)

Hypertension®

20.1 (16.5-23.6)

16.51 (13.1-19.9)

15.79 (12.5-19.1)

No hypertension

11.19 (8.9-13.4)

9.27 (7.17-11.5)

8.02 (5.9-10.2)

aCKD was defined by eGFR <60 mL - min~L. (1.73 mz)_l (MDRD equation), ACR =30 mg/g in the random sample only, ACR =30 mg/g in the
first morning sample, or confirmed increased ACR in both samples. Results are age standardized to the 2000 US Census standard population using
the following age groups and corresponding weights (20-44 years, 0.511356; 45-64 years, 0.311417; =65 years, 0.177227), except for age-group

estimates.

bDiagnosed by self-report of diagnosis.

Defined by self-report of diagnosis, self-reported anti-hypertensive treatment, or measured systolic blood pressure 2140 mmHg or diastolic blood

pressure =90 mmHg.
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