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ABSTRACT
Background: Twenty-four–hour urine sodium excretion is recom-
mended for monitoring population sodium intake. Because of con-
cerns about participation and completion, sodium excretion has not
been collected previously in US nationally representative surveys.
Objective: We assessed the feasibility of implementing 24-h urine
collections as part of a nationally representative survey.
Design: We selected a random half sample of nonpregnant US
adults aged 20–69 y in 3 geographic locations of the 2013 NHANES.
Participants received explicit instructions, started and ended the urine
collection in a urine study mobile examination center, and answered
questions about their collection. Among those with a complete 24-h
urine collection, a random one-half were asked to collect a second
24-h urine sample. Sodium, potassium, chloride, and creatinine ex-
cretion were analyzed.
Results: The final NHANES examination response rate for adults aged
20–69 y in these 3 study locations was 71%. Of those examined (n =
476), 282 (59%) were randomly selected to participate in the 24-h urine
collection. Of these, 212 persons [75% of those selected for 24-h urine
collection; 53% (equal to 71% 3 75% of those selected for the
NHANES)] collected a complete initial 24-h specimen and 92 persons
(85% of 108 selected) collected a second complete 24-h urine sample.
More men than women completed an initial collection (P = 0.04); other-
wise, completion did not vary by sociodemographic characteristics, body
mass index, education, or employment status for either collection. Mean
24-h urine volume and sodium excretion were 1964 6 1228 mL and
36576 2003 mg, respectively, for the first 24-h urine sample, and 20486
1288 mL and 37736 1891 mg, respectively, for the second collection.
Conclusion: Given the 53% final component response rate and 75%
completion rate, 24-h urine collections were deemed feasible and
implemented in the NHANES 2014 on a subsample of adults aged
20–69 y to assess population sodium intake. This study was reg-
istered at clinicaltrials.gov as NCT02723682. Am J Clin Nutr
2016;104:480–8.
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INTRODUCTION

Excess dietary sodium intake increases blood pressure and the
risk of hypertension (1–4). Sodium reduction is recommended in

the United States to reduce the risk of hypertension and pro-
jected death and health care costs from heart disease and
stroke (5). Sodium intake has been monitored through 24-h
dietary recalls (DRs)8 for many years, and DRs have been
used to identify foods that contribute sodium in the diet.
However, there are limitations to self-reported dietary intake,
and updating nutrient databases is a challenge, because food
products are reformulated constantly (5). To assess the ef-
fectiveness of current efforts to reduce sodium in the food supply,
it is critical to monitor the sodium intake of the US population
with the use of objective measures. Twenty-four–hour urine
sodium excretion is the recommended method for assessing
population sodium intake (5, 6), yet low participation and
difficulty in completing collection potentially can bias esti-
mates (6, 7). As with sodium intake, urinary sodium excretion
varies from day to day, which complicates the use of sodium
excretion to estimate excess sodium intake (8–10). To take
within-individual variation into account, .1 nonconsecutive
day is needed to estimate the distribution of sodium intake,
and, in particular, the percentage of the population with excess
sodium intake. Because of the potential burden and bias from
lack of participation and low completion, 24-h urine speci-
mens were not collected previously in nationally representa-
tive US surveys.

The objective of the current study (NCT02723682) was to
assess the feasibility of implementing a 24-h urine collection in
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the NHANES, specifically to determine whether .70% of those
selected would provide a complete specimen for an initial and
second urine collection without affecting their participation in
other NHANES components. Specific aims included 1) evalu-
ating all procedures related to the 24-h urine collection, in-
cluding laboratory analyses; 2) estimating completion rates overall
and in population subgroups; 3) evaluating completeness of the
urine collection; and 4) determining whether 24-h urine collection
affected the completion rates of other NHANES postexamination
components. Furthermore, although it was hypothesized that
starting and ending urine collection in person, at a study site,
would enhance the completeness of the collection, it was not
known how this would affect participation. Thus, we also
evaluated whether starting and ending collection at home or in
person at a urine study mobile examination center (UMEC)
might affect participation or result in significant differences in
mean total urine volume and excretion of urinary sodium,
potassium, chloride, and creatinine.

METHODS

The NHANES is a cross-sectional survey with a nationally
representative sample of the US civilian noninstitutionalized
population. In 2013, the sample design included an oversample of
certain demographic groups: persons $80 y of age and non-
Hispanic black, non-Hispanic Asian, Hispanic, and low-income
persons (11). Participants initially were interviewed at home to
obtain information on health history, health behaviors, and risk
factors, followed by a physical examination at a mobile ex-
amination center (MEC). During the MEC examination, par-
ticipants were recruited to participate in several post-MEC
examination components, including the 24-h urine feasibility
study. The general procedures of the NHANES have been de-
scribed elsewhere (12).

The 24-h urine feasibility study was conducted in 2013 at 3
NHANES locations that included rural, suburban, and urban
populations. For the feasibility study, we selected a random half
sample of nonpregnant participants aged 20–69 y examined in

FIGURE 1 Participation protocol for the NHANES 24-h urine collection feasibility study in adults aged 20–69 y. MEC, mobile examination center;
UMEC, urine study mobile examination center.
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the MEC who were able to respond for themselves (n = 282;
Figure 1). Participants who arrived considerably late to the
MEC or left considerably early were not offered participation in
the feasibility study but were instead assigned to NHANES
examinations.

Participants were invited to join the urine feasibility study
during their MEC examination. Individuals who agreed were
scheduled to return to the UMEC for 2 visits. During the first visit,
participants received explicit verbal and written instructions and
a urine collection kit. They alsowere asked to empty their bladder
before leaving the UMEC to mark the start of the 24-h collection.
The second visit was scheduled 24 h later when participants
returned to the UMEC, voided one last time to end their urine
collection, and answered questions on the completeness of the
urine collection. A reminder call was made before the scheduled
visits when appointments were scheduled .1 d in advance.
When participants did not show up at the time of their ap-
pointment, #5 telephone calls were made in an attempt to re-
schedule. The number of telephone calls depended on whether
contact was made with the participant or another household
member, or the contact attempt was unsuccessful.

Participants were given a urine collection kit to take home.
Items in the kit included 2 insulated bags (one for travel), ice
packs, a urine collection hat for women, a collection cup for men,
three 2-L urine containers, a funnel, 3 large storage bags (to store
urine containers optionally in the refrigerator), and written in-
structions. Participants were instructed to keep the urine speci-
men cold during the 24-h collection period. The collection start
and end times were written on a label on the containers at the time
of the initial and final void. The 24-h urine specimen was con-
sidered to be complete if 1) the collection start and end time was
recorded, 2) the duration of collection was $22 h, 3) the total
urine volume was $500 mL, 4) the participant reported that no
more than a few drops of urine were missed during collection,
and 5) if the participant was a woman, she reported not men-
struating during the urine collection. The completeness of the
urine specimen was assessed through a standard questionnaire
(Supplemental Material). Participants received a $100 token of
appreciation for each urine specimen they returned. Partici-
pants with an incomplete specimen were not asked to redo the
collection.

One-half of participants who returned a complete specimen were
randomly selected and invited to collect a second 24-h urine spec-
imen (Figure 1). The second collection was scheduled 3–10 d later,
but not on the same day of the week as the first urine collection.
When this was not possible, participants were scheduled on
days they were available. In addition, because traveling to the
UMEC to start and end the urine collection could be burden-
some, especially when a long commute was involved, we
assessed whether a protocol that involved 3 visits, allowing the
participant to start and end the collection at home rather than
going to the UMEC, would yield a similar completion rate. To
do this, we randomly assigned one-half of the participants se-
lected for the second 24-h urine collection to begin and end the
collection at the UMEC and one-half to begin and end the col-
lection at home.

Those selected for the UMEC were scheduled to return to the
UMEC for a third and fourth visit to start and end the second urine
collection by voiding at the UMEC. Participants selected to start
and end the urine collection at home received instructions during

their second visit (when returning the initial 24-h urine speci-
men). They were instructed to begin their second collection at
home by discarding the first morning void (i.e., not collect it) on
the collection day, and to end the collection on the following
morning, after collecting the first morning void. A return ap-
pointment to the UMEC (visit no. 3) was made to drop off the
second 24-h urine specimen on the day the urine collection was
scheduled to end, or #48 h after the start of the urine collection.

We attempted to obtain urine collections on all days of the
week, because sodium intake may vary from day to day. In
addition, we anticipated that a large proportion of participants
would opt for a weekend if not encouraged to collect the urine
specimen on a weekday. Thus, to increase urine collection on
weekdays, a random one-half of the study participants were asked
to collect on a weekday and the other one-half on a weekend.
Participants who stated that it was impossible to collect during the
assigned interval (either weekday or weekend) were allowed to be
scheduled during an alternative time interval.

We also monitored the effect of the 24-h urine collection on
other NHANES 2013 post-MEC examination components,
specifically, a physical activity monitor (PAM), received during
the MEC examination and worn and mailed back 8 d after the
examination, and a second DR conducted over the telephone 3–
10 d after the MEC examination.

Conducting a 24-h urine collection was costly. In addition to
outfitting 2 UMECs for this study, purchasing equipment and
supplies, remunerating participants, and setting up a laboratory to
process the urine specimens, 4 technicians were hired to staff 2
UMECs for 7 d/wk, 12 h/d. The time involved also was sub-
stantial. The mean times in the MEC and UMEC were 4 min to
recruit participants, 11 min for the first visit, and 9 min for the
second visit. We estimated 90 min to collect the urine over 24 h.
Those who collected a second urine specimen spent up to an
additional 103 min, on average. Staff made telephone calls to
remind participants of their appointments and to reschedule them
when participants did not show for their appointments, and they
portioned urine specimens into aliquots and shipped them to 2
laboratories.

The 24-h urine feasibility study protocol was approved by the
National Center for Health Statistics Research Ethics Review
Board, and all participants provided informed consent.

Criteria for evaluating feasibility

We established the following criteria a priori to evaluate the
feasibility of implementing the 24-h urine collection to the 2014
NHANES: 1) $70% of eligible participants agreed to partici-
pate and collected a complete specimen for the first 24-h urine
collection; 2) $70% of those asked to collect a second 24-h
urine specimen provided a complete specimen for the second
24-h urine collection; and 3) PAM or DR completion rates did
not decrease by .10 percentage points.

For the collection to be considered feasible for the main study,
all 3 criteria had to be met. The 70% completion rate was chosen
in consideration of high respondent burden and the logistic
complexity of the component. This is higher than reported
completion rates in recent national studies of 24-h urine col-
lections in other industrialized countries (10). With the use of the
final MEC response rate for adults aged 20–69 y in the NHANES
2011–2012 (67%) as an estimate of what would be expected in
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2013, we estimated that our target completion rate would obtain
a final component response rate of 47% (67% 3 70%). This
meant that if we implemented this component in the NHANES,
we anticipated that it would yield complete specimens for 47%
of the persons originally screened into the nationally represen-
tative sample. The overall NHANES examination nonresponse
has been assessed previously (13). To explore potential component-
specific selection bias, we examined whether participants
who agreed to collect 24-h urine samples differed from those
who did not agree to collect 24-h urine samples by age, sex,
race and ethnicity, education level, and employment status.
To evaluate changes in the postexamination component com-
pletion rates (PAM and DR), NHANES participants not selected
to participate in the 24-h urine collection served as a control
group.

Urine processing and laboratory measurements

Urinary sodium, potassium, chloride, and creatinine were mea-
sured in the feasibility study. In the UMEC laboratory, trained
technicians weighed the individual urine containers to obtain
the total urine volume. They then combined and mixed the
specimens from all containers and took aliquots of the combined
specimen. The aliquots were stored at 2308C in the UMEC for
#6 d and shipped frozen overnight on dry ice to laboratories
for analysis. Urinary sodium, potassium, and chloride were
measured with the use of ion-selective electrodes on a Hitachi
Modular P clinical analyzer (Roche Diagnostics) at the CDC’s
National Center for Environmental Health. Urinary creatinine
was measured with the use of the Roche creatinine enzymatic
assay on the Roche Cobas 6000 Analyzer at the University of
Minnesota.

Other measurements

Self-reported information on race and ethnicity was catego-
rized as non-Hispanic white, non-Hispanic black, and other.
Because of the small sample size of the “other” group, no
separate estimates were presented for persons classified as
“other,” but they are included in the total study population
estimates. Although it was not part of the feasibility criteria,
we also examined participation by BMI. Measured weight and
height were used to calculate BMI, rounded to one decimal
point. Based on their BMI, participants were classified as
normal or underweight [BMI (in kg/m2) ,25], overweight
(BMI 25 to ,30), or obese (BMI $30) (14). Employment
status was identified by the following questions: “Which of the
following were you doing last week? Working at a job or
business, with a job or business but not at work, looking for
work, or not working at a job or business?” (15). Participants
who reported working at a job or with a job but not at work
were categorized as employed. Education status was based on
responses to the question, “What is the highest grade or level of
school you have completed or the highest degree you have
received?” (15).

Statistical analyses

We evaluated participation rates overall and by sociodemo-
graphic characteristics. The amount of analyte (e.g., sodium) in
each urine specimen was calculated by multiplying the con-

centration of the analyte by the corresponding volume of the 24-h
urine collection. The volume of the 24-h urine collection was
adjusted for the collection time as (total volume collected/col-
lection time) 3 24. Thus, all volume and analyte excretion re-
sults shown are adjusted for 24 h. We calculated means and SDs
of total urine volume and analytes overall by sociodemographic
subgroup, and, for participants with a second urine collection,
by whether the collection started and ended at home or the
UMEC. Differences in means were determined with the use of t
tests at the P , 0.05 level. Within-person CVs were calculated
between the initial and second 24-h urine collections as the
square root of the within-person variance divided by the mean of
each study analyte. Analyses were performed with the use of
SAS version 9.3.

RESULTS

Completion rates

In 2013, 282 adults, or 59% of 476 NHANES participants aged
20–69 y examined in the MEC, were selected for the 24-h urine
feasibility study. Among those, 91% agreed to participate, 84%
returned a urine specimen, and 75% collected a complete 24-h
urine specimen (Table 1). Of those participants asked to collect
a second 24-h urine specimen, 85% collected a complete 24-h
urine specimen.

The initial 24-h urine collection was not offered to 5 individuals
who arrived late to the MEC or left early. Participants refused the
urine collection because therewas no time in their schedule (n = 7),
they did not want to participate (n = 7), they were going to be
traveling (n = 3), or the UMEC was too far (n = 2). Among those
who agreed to the 24-h urine collection, 20 individuals can-
celled or did not show for their UMEC appointment to receive

TABLE 1

Participation of adults aged 20–69 y in the NHANES 24-h urine collection

feasibility study

Participation status

Initial 24-h

urine

collection

Second 24-h

urine

collection

n % n %

Total number sampled 282 108

Agreed to participate 258 91 102 94

Returned a urine specimen 238 84 100 93

Weekend collection1 103 432 39 393

Weekday collection 134 562 59 593

Collected complete specimen 212 75 92 85

Weekend collection 93 444 36 395

Weekday collection 119 564 56 615

1Information on day of the week was not available for 1 participant in

the initial 24-h collections and for 2 participants in the second urine collec-

tions.
2Value presented was the percentage of returned initial 24-h urine col-

lections (n = 237).
3Value presented was the percentage of returned second 24-h urine

collections (n = 100).
4Value presented was the percentage of completed initial 24-h urine

collections (n = 212).
5Value presented was the percentage of completed second 24-h urine

collections (n = 92).
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instructions or to return their urine specimen. Two participants
were not offered the second urine collection because the study
location was closing and there were ,3 d left in the schedule.
Four participants did not agree to collect a second 24-h urine
because they had no time (n = 2), thought it was too far to
travel to the UMEC (n = 1), or did not want to do another
collection (n = 1). Among those who agreed, 2 participants did
not show for their appointment to receive instructions or return
a specimen.

Among the 238 individuals who returned their initial 24-h
urine specimen, there was no information on day of the week for
1 participant, 103 (43%) collected their initial 24-h urine on
a weekend, 39 (39%) of those who returned a second urine
specimen (n = 100) collected their urine on a weekend, and there
was no information on day of the week for 2 participants for the
second urine collection (Table 1). There was no significant
difference in completion rates between weekday and weekend
collection for the first and second 24-h urine collections. For the
first urine collection, 93 of 103 persons (90%) who collected
their initial 24-h urine on a weekend met criteria for a complete
specimen, whereas 119 of 134 (89%) who collected their urine
on a weekday had a complete specimen; and 36 of 39 (92%)
who collected their second 24-h urine on a weekend had
a complete specimen, whereas 56 of 59 (95%) who collected
their urine on a weekday had a complete specimen. Among the
participants who were employed, most collected their urine

specimen on a day they did not work; 151 of 218 (69%) par-
ticipants collected an initial urine specimen on a day they did
not work. Another 15 individuals were unemployed and 5 did
not respond to the employment question. For the second col-
lection, among participants who were employed, 66 of 94 (70%)
collected a second 24-h urine specimen on a day they did not
work. Another 4 individuals were unemployed, and 2 did not
respond to the employment question.

Missing more than a few drops of urine was the most common
reason for an incomplete specimen (18 of 26 participants with an
incomplete initial specimen and 5 of 8 participants with an in-
complete second specimen). Four women had incomplete speci-
mens (3 for the initial collection and 1 for the second collection)
because they began their menstrual periods during the 24-h
urine collection time frame. Other reasons a specimen was
incomplete included the following: total volume of urine,500
mL (n = 4), the urine specimen was collected over ,22 h (n =
1), and the collection start and/or end time could not be as-
certained (n = 2).

For the first 24-h urine collection, men had a significantly
higher completion rate than women: 81% compared with 70%
(P , 0.05; Table 2). The proportion of participants with a com-
plete 24-h urine specimen did not vary significantly across cate-
gories of age, race and ethnicity, BMI, education, or employment
status for participants selected for the initial or second collection
or by sex for participants selected for the second collection.

TABLE 2

Completion rates for 24-h urine collections by characteristics of study participants in the NHANES 24-h urine collection feasibility study1

Initial 24-h collection Second 24-h collection

Sampled, n

Completed

Sampled, n

Completed

n % n %

All2 282 212 75 108 92 85

Age, y

20–29 43 34 79 15 13 87

30–39 60 44 73 16 15 94

40–49 73 53 73 31 26 84

50–59 60 48 80 30 24 80

60–69 46 33 72 16 14 88

Sex

M 139 112 81* 54 47 87

F 143 100 70 54 45 83

Race and ethnicity

Non-Hispanic white 178 131 74 65 55 85

Non-Hispanic black 83 64 77 33 28 85

BMI, kg/m2

Underweight or normal weight (,25) 85 66 77 36 28 78

Overweight (25–29.9) 91 64 70 35 30 86

Obese ($30) 104 81 78 36 33 92

Education

,High school 42 34 81 15 14 93

High school graduate 82 60 73 27 21 78

Some college 86 65 76 37 32 87

College graduate 72 53 74 29 25 86

Employment status

Employed 177 130 73 64 53 83

Not employed 105 82 78 44 39 89

1*Significantly different from women, P , 0.05 (chi-square test).
2Includes race and ethnicity groups other than non-Hispanic black and non-Hispanic white.
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Participants selected to collect a 24-h urine specimen had
significantly higher completion rates for the PAM than did those
not selected (91% compared with 86%, P , 0.05; Figure 2).
Completion rates for the DR also were slightly higher among
participants selected for the feasibility study; however, the dif-
ference was not significant (91% compared with 87%, P = 0.098).

Urine volume and analyte excretion

We assessed total urine volume and urinary sodium, potas-
sium, chloride, and creatinine excretion for participants with
a complete sample. One additional participant was excluded from
the analyte analysis because the total urine volume was not
recorded. Overall adjusted mean 6 SD 24-h urine volume and
sodium excretion were 1964 6 1228 mL and 3657 6 2003 mg,
respectively, for the first 24-h urine collection (n = 211) and
2048 6 1288 mL and 3774 6 1891 mg, respectively, for the
second collection (n = 92).

Mean total urine volume appeared to be slightly higher in men
than women, but the difference in volume was not statistically
significant (first collection, P = 0.146; second collection, P =
0.053; Figure 3). In contrast, mean total urine volume was
significantly higher in non-Hispanic white participants than in
non-Hispanic black participants (first collection, P = 0.011;
second collection, P = 0.046). Mean total urine volume for the
first and second collection was 1641 6 1155 mL (n = 64) and
1690 6 1253 mL (n = 28), respectively, in non-Hispanic black
participants compared with 2120 6 1245 mL (n = 130) and
2302 6 1323 mL (n = 55), respectively, in non-Hispanic white
participants.

Mean urine sodium excretion was significantly higher in men
than in women for the first (men, 4001 6 1990 mg compared
with women, 3268 6 1956 mg, P , 0.05; Figure 4) and second
(men, 42736 1954 mg compared with women, 32526 1690 mg,
P, 0.05) urine collections, but did not differ by race (P = 0.627
and P = 0.302 for the first and second collections, respectively).
On average, urinary potassium, chloride, and creatinine excre-
tions were significantly higher in men than in women but did not
differ by race for both the first and second urine collections.
Mean total urine volume and urinary sodium, potassium, chlo-
ride, and creatinine did not differ significantly between the first
and second 24-h urine collections, overall, by sex, or by race.

Among participants with 2 urine collections, within-person day-
to-day variances are shown in Supplemental Table 1 for the
study analytes, by sex and race group. Overall, the within-person
day-to-day variances were 16% for urine volume, 20% for so-
dium, 13% for potassium, 23% for chloride, and 9% for creat-
inine. The within-person day-to-day variances in 24-h urinary
sodium, potassium, and chloride, but not creatinine, appeared to
be somewhat greater for men than for women and for non-
Hispanic blacks than for non-Hispanic whites.

Starting and ending the 24-h urine collection at home
compared with in person at the UMEC

We assessed completion rates for participants who started and
ended their second 24-h urine collection at the UMEC compared
with at home. Of the 108 individuals selected for a second urine
specimen, one-half were randomly assigned to start their second
24-h urine collection at home. The percentage of participants who
returned a urine specimen was significantly lower for those who
started and ended collection in person at the UMEC (88%)
compared with those who started and ended at home (98%, P-
difference = 0.04). Although the percentage of individuals with
a complete specimen who started and ended collection in person
at the UMEC was also lower than the percentage of those who
started and ended collection at home, the difference in completion
rate was not statistically significant (Table 3). Mean total urine
volume appeared to be somewhat higher for participants who
started and ended the second urine collection at home than that for
those who started and ended the collection at the UMEC (Table 3);
however, the difference in mean urine volume was not statistically
significant whether they started at the UMEC or at home.

There was also no significant difference in mean urinary so-
dium, potassium, chloride, or creatinine excretion in those who
started and ended the urine collection at the UMEC compared
with those who started and ended the collection at home, overall
or by sex (data not shown).

FIGURE 2 Completion rates for the NHANES postexamination com-
ponents PAM and second DR in participants aged 20–69 y by eligibility for
the 24-h urine collection feasibility study. Participants selected to collect
a 24-h urine sample had significantly higher completion rates for the PAM
than did those not selected, *P , 0.05 (chi-square test). No significant
differences in DR completion rate were observed between participants se-
lected for 24-h urine collection and those not selected. DR, dietary recall;
PAM, physical activity monitor.

FIGURE 3 Adjusted mean (95% CI) 24-h urine volume for adults aged
20–69 y in the NHANES 24-h urine collection feasibility study with a com-
plete specimen, by sex and race. Mean volume is adjusted for duration of
collection. One participant was excluded from the initial 24-h urinary anal-
ysis because the total urine volume was unknown. The number of complete
specimens for the first 24-h urine collection was as follows: total, n = 211;
men, n = 112; women, n = 99; non-Hispanic blacks, n = 64; and non-
Hispanic whites, n = 130. The number of complete specimens for the second
24-h urine collection was as follows: total, n = 92; men, n = 47; women, n =
45; non-Hispanic blacks, n = 28; and non-Hispanic whites, n = 55. The
“total” category includes race and ethnicity groups other than non-Hispanic
black or non-Hispanic white. Significant difference in mean urine volume
observed between non-Hispanic black and non-Hispanic white participants
for both first and second 24-h urine collection, *P , 0.05 (t test). NHB, non-
Hispanic black; NHW, non-Hispanic white.
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DISCUSSION

Results from 3 locations in the NHANES 2013 indicated that
24-h urine collection in the NHANES is feasible in US adults
aged 20–69 y. Across different age, sex, and race and ethnic
groups, .70% of the participants selected for the feasibility
study collected a complete 24-h urine specimen. Similar com-
pletion rates were obtained in participants with different edu-
cation levels, employment statuses, and BMI categories. Overall,
85% of those who were invited to collect a second 24-h urine
specimen returned another complete specimen. In addition, the
completion rates in other NHANES postexamination components
were unaffected by the 24-h urine collection. The NHANES MEC
examination response rate for adults aged 20–69 y in the 3
study locations was 71%. Therefore, the 75% completion rate
for the initial 24-h urine collection was equivalent to a final

component response rate of 53%, which exceeded the expected
47% target component response rate. The final component re-
sponse rate indicated the need to further adjust NHANES ex-
amination weights for component nonresponse if 24-h urine
collection is implemented in the survey. In the current study,
we observed similar completion rates across age or race and
ethnicity subgroups, which suggests that it is feasible to use
adjusted sample weights to produce national estimates from
24-h urine data.

Mean 24-h urine volume in the feasibility study (1964mL) was
at the high end of the mean urine volume expected compared with
those from the US and Canadian sites of the International
Cooperative Study on Salt, Other Factors, and Blood Pressure
(730–2010 mL) and those with complete urine assessed by para-
aminobenzoic acid (1094–1788 mL), whereas creatinine excretion
(1541 mg) was within the range of these studies (1011–1818 mg)
(16–20). Mean sodium excretion from our study also was
comparable with results from a systematic review of US studies
dating from between 1957 and 2003 (3526 mg overall; 3911 mg
for men and 3084 mg for women), which were conducted well
before our urine feasibility study (21); a calibration study that
compared timed urine spots with 24-h urine collections (3.54 g
for men and 3.09 g for women) (22); the Observing Protein and
Energy Nutrition study (4502 mg for men and 3310 mg for
women) (23); and the Energetics study (3692 mg for men and
2555 mg for women) (23). Urinary sodium excretion also is
comparable with estimates from dietary intake data collected in
2009–2012 (3552 mg dietary sodium/d, $19 y) (24). The con-
sistency of our results with previous findings supports the quality
of the urine collections in the feasibility study and the external
validity of our collection protocol.

Completion rates for our feasibility study were higher than
those in recent national studies of 24-h urine collections in other
industrialized countries, which generally were ,70%, although
differences in definitions and protocols between studies limit
these comparisons (10). NHANES participants were recruited
from the ongoing survey, and their 24-h urine collections were
scheduled immediately after the study’s physical examination.

TABLE 3

Participation in and mean total urine volumes of the initial and second

collections, by protocol, for participants aged 20–69 y who were selected

for the second 24-h urine collections in the NHANES 24-h urine collection

feasibility study1

UMEC Home

Participation status

Total sampled, n 57 51

Returned a urine specimen 50 (88) 50 (98)*

Collected a complete specimen 47 (82) 45 (88)

Total urine volume,2 mL

Initial collection 1875 (1577, 2172) 2353 (1877, 2829)

Second collection 1855 (1544, 2165) 2250 (1807, 2694)

1Values are means (95% CIs) or n (%), unless otherwise indicated. A

random one-half of participants selected to collect a second 24-h urine were

instructed to start and end collection at the UMEC, whereas the other half

were asked to start and end at home. *Significantly different from those who

started and ended collection at the UMEC, P , 0.05 (chi-square test).

UMEC, urine study mobile examination center.
2In participants with a complete second 24-h urine collection (UMEC,

n = 47; home, n = 45).

FIGURE 4 Mean (95% CI) total 24-h urine sodium (A), potassium (B),
chloride (C), and creatinine (D) for adults aged 20–69 y in the NHANES
24-h urine collection feasibility study with a complete urine specimen, by sex
and race. One participant was excluded from the initial 24-h urinary analysis
because the total urine volume was unknown. The number of complete
specimens for the first 24-h urine collection was as follows: total, n =
211; men, n = 112; women, n = 99; non-Hispanic blacks, n = 64; and
non-Hispanic whites, n = 130. The number of complete specimens for the
second 24-h urine collection was as follows: total, n = 92; men, n = 47;
women, n = 45; non-Hispanic blacks, n = 28; and non-Hispanic whites, n =
55. The “total” category includes other race and ethnicity groups. Mean 24-h
sodium, potassium, chloride, and creatinine excretions were significantly
higher in men than in women, *P , 0.05 (t test), but did not differ by race,
for both the first and second urine collections. NHB, non-Hispanic black;
NHW, non-Hispanic white.
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We offered appointment times throughout the day on both week-
days and weekends, and we offered an incentive of $100 for each
urine specimen returned.

More women than men missed urine during the 24-h collection
(15 women compared with 8 men for the first and second col-
lections combined), possibly because of anatomical differences.
Some participants forgot to collect their void, particularly the first
void of the collection. Although instructions can be enhanced to
help participants collect their specimens properly, helping in-
dividuals to remember to collect all of their urine is challenging.

There is no standard method to evaluate whether a 24-h urine
collection is complete (11), and each method has its strengths and
limitations. Although the recovery of para-aminobenzoic acid is
considered to be the standard for assessing completeness and was
used in the United Kingdom, it is costly and requires participants
to take supplements at prescribed times during a specific period,
increasing burden and decreasing participation, thus limiting its
use in general population surveys (25, 26). Similar to our study,
other national surveys have used self-report, duration of urine
collection, total urine volume, and/or creatinine criteria (post hoc
analysis) (10, 25). We chose to adapt the protocol used in the
International Cooperative Study on Salt, Other Factors, and
Blood Pressure, in which completion of the 24-h urine collection
was enhanced through explicit instructions and starting and
ending the collection in person to ensure accurate timing.

Substantial within-person variation in sodium excretion ob-
served in the current study illustrated the importance of ac-
counting for day-to-day variability of dietary intake in the
surveillance system. We were successful in obtaining 24-h urine
samples collected on weekdays and weekends; however, the
majority of participants who collected a urine sample and were
employed did so on a day on which they did not go to work (69%
for the first collection; 70% for the second collection), which may
have affected the representativeness of the estimates. Although
we tried to schedule the second collection on a day of the week
that was different from the first urine collection to assess within-
person variability from day-to-day intake, it may not have
accounted for the potential effect of alternative work schedules.
Further analysis is needed to assess sodium intake on workdays
compared with nonworkdays.

Participants who started and ended the second 24-h urine
collection at home had higher completion rates than those who
started and ended at the UMEC. However, among those with
a complete specimen, there was no significant difference in mean
urine volume, sodium, potassium, chloride, and creatinine ex-
cretion between the 2 groups. Although these results may en-
courage national surveys to include fewer trips to the examination
sites, the small sample and the observed wide range of CIs for
the estimates command further investigation in other surveys and
populations.

NHANES participants may refuse any component of the
survey; however, we did not collect data on the reasons par-
ticipants completed various portions of the survey. Thus, we can
only speculate on the reasons for higher completion rates for
other postexamination components in NHANES participants who
were selected compared with those not selected to collect a 24-h
urine sample for the feasibility study. Perhaps participants who
collected a urine specimen were motivated after completing
portions of the survey and were more likely to continuewith other
sections.

We were limited in the selection of 3 locations for the fea-
sibility study, because they needed to occur without disrupting
NHANES operations. The demographic composition of the
samplewas almost entirely non-Hispanic white and non-Hispanic
black, which yielded an insufficient number of Hispanic and
Asian adults to assess participation in these groups. The high cost
to conduct the feasibility study also limited the sample size.
Consequently, the results of this feasibility study are not gen-
eralizable to the US population.

Given the success of the feasibility study, a 24-h urine col-
lection was implemented in the NHANES 2014 on a random half
subsample of adults aged 20–69 y to serve as a baseline for more
objective monitoring of population sodium intake in US adults.
All participants were asked to start and end their urine collection
at the UMEC, if possible, and an incentive of $100 was provided
for each 24-h urine collection. Minor modifications in the
NHANES 2014 protocol included the use of a larger urine
container, increasing the assignment of weekday collections to
60% of the participants, and a lower, but more conventional,
completion criterion of 400 mL in total urine volume (27).
Collection of 24-h urine in 2014 was successfully completed on
the basis of the same criteria used in the feasibility study (i.e.,
.70% of those selected for 24-h urine collection completed an
initial collection). Data on 24-h urine analytes are available for
analysis through the NHANES Research Data Center (28).
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