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Abstract

Twenty-four–hour urine collection is the recommended method for estimating sodium intake. To 

investigate the strengths and limitations of methods used to assess completion of 24-hour urine 

collection, the authors systematically reviewed the literature on the accuracy and usefulness of 

methods vs para-aminobenzoic acid (PABA) recovery (referent). The percentage of incomplete 

collections, based on PABA, was 6% to 47% (n=8 studies). The sensitivity and specificity for 

identifying incomplete collection using creatinine criteria (n=4 studies) was 6% to 63% and 57% 

to 99.7%, respectively. The most sensitive method for removing incomplete collections was a 

creatinine index <0.7. In pooled analysis (≥2 studies), mean urine creatinine excretion and volume 

were higher among participants with complete collection (P<.05); whereas, self-reported 

collection time did not differ by completion status. Compared with participants with incomplete 

collection, mean 24-hour sodium excretion was 19.6 mmol higher (n=1781 specimens, 5 studies) 

in patients with complete collection. Sodium excretion may be underestimated by inclusion of 

incomplete 24-hour urine collections. None of the current approaches reliably assess completion 

of 24-hour urine collection.
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Accurate monitoring is essential to supporting strategies to decrease population sodium 

intake to reduce high blood pressure and risk of cardiovascular disease.1–3 A 24-hour urine 

collection is recommended for assessing mean population sodium intake because about 90% 

of sodium is excreted through urine and urine excretion does not rely on self-report.4–6 In 

addition, 24-hour urine can be used to assess potassium intake, which is important because 

potassium chloride may be used as a salt substitute to replace sodium chloride, although 

potassium excretion may be more variable (77%–90%).4,7 Incomplete and/or 

undercollection of urine due to missed urine voids can result in falsely low 24-hour sodium 

and potassium excretion. Overcollection, beyond 24 hours, can skew results in the opposite 

direction. Although methods exist to ensure and assess whether collection is complete, they 

are not uniformly applied across studies, decreasing the ability to compare estimates of 

sodium intake across populations.8

Currently, while most studies and national-level surveys use creatinine and other indicators 

to determine whether 24-hour urine collection is complete, there is no gold standard for 

measurement. Urinary para-aminobenzoic acid (PABA) recovery, used in some national 

surveys, has been recommended as an objective and exogenous marker to assess completion 

of 24-hour urine collection, because, theoretically, it is less affected by a participant’s 

characteristics and diet.8–11 PABA is a nontoxic B-complex vitamin that is thought to be 

fully absorbed and is readily analyzed6; however, even PABA excretion has its limitations. 

Using PABA as a marker for complete urine collection requires participants to consume 

PABA supplements with meals and assumes almost complete excretion of a single dose of 

80 mg (~93%) after about 5 hours using the colorimetric method and after about 8 hours 

using high-performance liquid chromatography (HPLC).12,13 Twenty-four–hour urinary 

creatinine excretion either alone, in relation to expected creatinine excretion based for 

example on sex and weight, or with other characteristics of urine collection is also used as a 

marker for complete urine collection under the assumption that urinary creatinine excretion, 

an indicator of lean body mass, is stable within individuals from day to day.8,14 However, 

creatinine excretion has been found to have large intervariability and intravariability possibly 

related to age, lean body mass, protein intake, and kidney function, eg, chronic kidney 

disease.6 Because of limitations with these methods, two previous, multi-country 

population-based studies in which 24-hour sodium excretion was assessed (the International 

Population Study on Macronutrients and BP [INTERMAP] and the International Study of 

Sodium, Potassium, and Blood Pressure [INTERSALT]) did not use PABA recovery criteria 

or creatinine to assess completion. Instead, they attempted to ensure complete 24-hour urine 

collection through comprehensive instruction, starting and stopping urine collection in 

person, and asking participants to redo urine collection if they reported missing more than a 

few drops or if the total measured 24-hour urine volume was <250 mL.6

To inform the strengths and limitations of markers to assess completion of 24-hour urine 

collection and directions for further research, we systematically reviewed the literature to 

evaluate the accuracy and usefulness of methods to assess the completion of 24-hour urine 

collection in relation to PABA recovery criteria.
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METHODS

Information Sources and Search

Potentially relevant studies were identified through two separate librarian searches. The first 

search applied key terms similar to “urine specimen collection,” “urine collection,” “urine 

sample,” “urine specimen,” “24-hour urine,” “24-hour urine collection,” “standard,” 

“protocol,” and “guideline” through 16 electronic databases covering the period of 1823 to 

the present: MEDLINE, EMBASE, EBM Reviews, PubMed, PubMed Central, SCOPUS, 

Web of Science, Academic Search Complete [CINAHL, Health Source (Nursing/Academic 

edition), MEDLINE (EBSCO)], PAHO, Google, Google Scholar, OpenDOAR, ProQuest 

(theses & dissertations), TRIP, HSO, and OAIster (Figure S1A). The second search used six 

electronic databases covering the period from 1937 to the present employing key terms such 

as “24-hour,” “urine collection,” “creatinine,” “PABA,” and “4-aminobenzoic acid”: MED-

LINE, EMBASE (non-MEDLINE journals), Global Health, CINHAL, Cochrane Library, 

and LILACS (Figure S1B). One database search strategy is provided as an example (Table 

S1). No language restrictions were applied to either search.

Study Selection

We included systematic reviews, meta-analyses, individual study reports, or additional 

references from experts with data on both complete and incomplete 24-hour urine 

collections based on PABA recovery criteria compared with data on other criteria for 

determining completeness of 24-hour urine collection (ie, self-report, total urine volume, 

specific gravity, duration of collection, creatinine excretion). Eligible studies included men 

and women of any age regardless of chronic or acute disease. If study methods or data were 

reported in more than one article, we used one article as the primary publication with the 

other articles included in the reference list if they included essential information not reported 

in the primary article. Two reviewers read and assessed the 34 articles provided from the 

first librarian search (KJ and MEC) against the inclusion criteria. Of these articles, six met 

the inclusion criteria (Figure S1A). An additional article provided by the same author who 

conducted the first search (NC) was included at a later time after review of the inclusion 

criteria (Figure S1A). Reviewers were not blind to authors, institutions, or journal of 

publication. A total of 626 abstracts and titles were manually screened by two independent 

reviewers (KJ and SP), each individually assessing the articles by inclusion criteria. For 47 

articles, full articles were retrieved and reviewed according to inclusion criteria. Of these, 

two articles met the inclusion criteria, one of which had already been found through the first 

librarian search (Figure S1B). Information from the included studies (n=8) was abstracted by 

one author (KJ) and was independently checked by one of the other authors (NC, CN, 

MEC). To obtain additional studies, references from the included studies were reviewed; 

however, no additional articles met the inclusion criteria.

Data Items

Abstracted information included: (1) the number of people enrolled, defined as participants 

who obtained a 24-hour urine collection with data on PABA recovery; (2) the age range of 

participants; (3) the percentage of male participants; (4) the country in which the study took 

place; (5) exclusion criteria for the participants; (6) the number of 24-hour collections for 
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each participant; (7) the analytical laboratory method for PABA recovery assessment; (8) the 

lower limit of PABA recovery used to define incomplete collections; (9) the resulting 

percentage of participants with incomplete collections based on PABA recovery; (10) 

methods other than PABA used to determine incomplete 24-hour urine collections (test 

methods); and (11d) outcome measures (including the number of participants with complete 

and incomplete 24-hour urine collection according to PABA recovery or test method criteria 

and the mean and standard deviation of measures used to assess 24-hour urine completion by 

PABA recovery criteria). All studies used a dose of 240 mg PABA (3 × 80 mg) over the 24-

hour period for PABA recovery assessment.

PABA Recovery Criteria Method Assessment

Two independent reviewers (KJ and MC) assessed each of the included studies for whether 

they assessed and adjusted for (1) adherence to PABA, (2) consumption of PABA-containing 

medications (with colorimetric analysis of PABA), and (3) the duration of urine collection 

(greater than 24-hours for participants 60 years and older) (Table S2).

Data Synthesis and Analysis

We summarized the demographic characteristics, exclusion criteria, PABA recovery criteria, 

and test methods used to assess completion of 24-hour urine collection across studies. To 

assess the accuracy of test methods for identifying participants with incomplete collections 

we computed the sensitivity and specificity of test methods compared with incomplete urine 

collection as determined by PABA recovery criteria. Sensitivity was defined as the number 

of individuals with incomplete collection based on PABA recovery and on the test method 

(true positives) divided by the total number of incomplete collections based on PABA 

recovery criteria (true positives plus false negatives). Specificity was defined as the number 

of individuals with collection considered complete by PABA and complete by test method 

(true negatives) divided by the total number of individuals with complete collections (false 

positives plus true negatives). Optimally, a test method would have close to 100% sensitivity 

and 100% specificity in relation to the reference criteria. A high sensitivity would enable the 

test method to accurately exclude those with incomplete collections (low proportion of false 

negatives), whereas a high specificity would confirm the accurate detection of incomplete 

collections (low proportion of false positives or those collections that the test method 

indicated incomplete, but were not incomplete by PABA recovery criteria). The positive 

predictive value was defined as the number of individuals with incomplete collection based 

on PABA recovery and on the test method (true positives) divided by the total number of 

incomplete collections based on the test method criteria. The likelihood ratio is the 

probability of a person who has an incomplete urine collection testing positive (being 

incomplete) divided by the probability of a person who does not have an incomplete urine 

collection testing positive.

We also calculated the difference in mean urinary creatinine excretion, total urine volume, 

self-report missing urine volume, 24-hour urinary sodium and potassium by completion 

status based on PABA recovery criteria. Mean sodium and potassium concentrations that 

were reported in mg/d were converted to mmol/d using molecular weights of the 

analytes.15,16 Unpaired t tests, assuming equal variance, were used to test whether the 
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differences in means were significant at a level of .05. To be included in a meta-analysis, the 

test method had to be used in two or more of the studies. To assess the pooled difference in 

urinary creatinine (mmol/d), creatinine by body weight (mmol/kg), urine volume (mL/d), 

hours of collection (h), urinary sodium (mmol/d), and urinary potassium (mmol/d) between 

those deemed complete and incomplete by PABA recovery, data were analyzed using 

Cochrane Review Manager (RevMan) version 5.3.3 (The Nordic Cochrane Center, The 

Cochrane Collaboration, Copenhagen, Denmark). Forest plots were created in RevMan 

using random effects models to generate mean difference pooled estimates between 

complete and incomplete collections, with each study weighted by the inverse of the study 

variance. We used the I2 statistic to assess heterogeneity; however, since the interpretation of 

this value can be misleading as a result of possible inconsistencies in several factors, the 

Cochrane Handbook for Systematic Reviews suggests the following rough guide to 

interpretation: values <40% may not be important, 30% to 60% may represent moderate 

heterogeneity, 50% to 90% may represent substantial heterogeneity, and ≥75% may 

represent considerable heterogeneity.17 Statistical significance for heterogeneity assessed by 

chi-square test was defined as P<.10. Statistical significance for test of overall effect was 

defined as P<.05.

RESULTS

The eight studies meeting the criteria for inclusion in this systematic review were published 

between 1986 and 2014 (Table I).18–25 Of note is that three studies with information on 24-

hour urine collection based on PABA recovery and a test method were excluded because of 

reporting on complete collections only.14,26,27 Of the eight included studies, five were 

conducted in Europe,19,21–23,25 one in Japan,20 one in Canada,18 and one in the United 

States24 (Table I). The eight studies combined included a total of 3070 participants, aged 15 

to 89 years (Table I). In all but one study,25 participants were characterized as generally 

healthy adults. The age range in each study varied. One study of gastroenterology 

outpatients included adolescents (aged 15–17 years), but separate analyses were not 

conducted for this age group.25 Exclusion criteria also varied (Table I). While all studies 

reported in their methods that participants were either verbally informed or given written 

instructions as to the protocol to follow for the 24-hour urine collection, none of the studies 

included the specific detailed instructions provided to the participants.

Some participants in the studies provided more than one 24-hour urine collection for a total 

of 5686 24-hour urine collections (Table II). Six studies used the colorimetric laboratory 

method to assess urinary PABA excretion while two used high-performance liquid 

chromatography (HPLC) analysis in a subset of participants24 or the entire study 

population.18 Across these eight studies, 6% to 47% of 24-hour urine collections were 

incomplete. Based on the colorimetric method, complete collection was defined as PABA 

recovery ≥ 85% and 53% to 94% of 24-hour urine collections were complete (Table II). 

Based on HPLC methods, complete collection was defined as PABA recovery in a specific 

range between 70% and 110%, and 64% to 90% of 24-hour urine collections were 

complete.11,24 Subar and colleagues24 defined complete collection as 78% to 110% PABA 

recovery, while Fu18 used a narrower range of 85% to 110%. Re-examination of Fu’s study 
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using the criteria of 70% to 110% increased the percentage of complete collections to 

90%.18

Overall, seven studies included data on creatinine (mmol/d),18–23,25 three studies on the ratio 

of creatinine to body weight (mmol/kg),18,20,25 one on a combination of creatinine to urine 

volume,20 two on duration of collection (h),20,25 two on 24-hour urine volume (mL/d),20,25 

and four on self-report of missing or spilled urine.18,20,22,24 The included studies did not 

consistently report on sensitivity and specificity or mean analyte composition based on 

PABA criteria. Of the five studies18,20,22–24 that reported data on sensitivity and specificity 

of the test method in relation to PABA recovery criteria for completion, three studies 

included data on creatinine index (the ratio of observed to expected creatinine) as a test 

method,20,22,23 two on the ratio of creatinine to body weight,18,20 one on the combination of 

creatinine to urine volume,20 and three on self-report of missing or spilled urine (Table 

III).18,23,24 All three studies that used creatinine index as a criteria, stratified cutoffs based 

on sex and calculated expected creatinine based on observed creatinine divided by body 

weight modified based on sex.20,22,23 Four studies included data on mean 24-hour urine 

analyte and other urine collection characteristics for specimens considered complete and 

incomplete defined by PABA recovery criteria (Table IV).19–21,25 All four studies included 

data on creatinine excretion,19–21,25 two on a ratio of creatinine to body weight,20,25 two on 

self-report timing of collection,20,25 two on urine volume,20,25 and one on self-reported 

amount of missing urine volume.20

Across four studies that assessed creatinine as a test method (using either a creatinine index 

or ratio of creatinine to body weight), the sensitivity of creatinine criteria ranged from 5.6% 

to 63.2% and the specificity ranged from 56.8% to 99.7% (Table III).18,20,22,23 Across three 

studies that assessed self-report of missing or spilled urine, the sensitivity ranged from 3.6% 

to 33.3% and the specificity from 76.0% to 99.7% (Table III).18,22,24 In one study that 

assessed the combination of creatinine criteria and urine volume as a test method, the 

sensitivity was 22% and the specificity was 99.7% (Table III). Positive predictive value 

(PPV) varied by test method used and by prevalence of incomplete collections; for example, 

in one study, the PPV ranged from 2% to 71% (Table III).20 All studies had negative 

likelihood ratios ranging from −.04 to −.79 (Table III).

Although not always statistically significant in individual studies, average 24-hour urinary 

creatinine excretions and volumes were greater for complete vs incomplete collection in 

pooled analyses (Table IV, Figure A–C), whereas average duration (self-reported collection 

time) did not differ based on completion (P=.73, Figure D). In the one study that assessed 

it,20 self-reported missed urine volume (mL/d) was lower among complete vs incomplete 

collections assessed by PABA recovery (>85%) (Table IV). Substantial heterogeneity was 

found in pooled mean difference estimates of 24-hour creatinine (mmol) and sodium 

excretion (mmol) (Figure A and E, respectively).

Six of the eight studies evaluated 24-hour sodium or potassium excretion by completion 

status of collections according to PABA recovery criteria (Table S3). One study provided 

data for two groups: men and women.19 When the studies were pooled, average 24-hour 
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sodium excretion for complete collection was 19.6 mmol greater and potassium excretion 

was 9.4 mmol greater than that for incomplete collections (Figure E and F).

DISCUSSION

Of the test criteria evaluated in these studies, ie, self-report of missing urine, creatinine index 

(ratio of observed 24-hour urinary creatinine excretion to expected excretion based on sex), 

or a combination of creatinine excretion and total urine volume, none were identified as 

significantly more accurate than the others in relation to PABA recovery criteria. In addition, 

no one criterion appeared more accurate for identifying incomplete 24-hour urine 

collections. Overall, of the approaches to verify completeness in the included studies, the 

most sensitive method for ruling out incomplete urine collection was a creatinine index <0.7 

based on expected creatinine calculated by sex and body weight. In general, the PPV varied 

as a result of variable prevalence of incomplete collections and test methods used. The 

majority of included test methods were highly specific suggesting that they correctly 

identified those collections characterized as incomplete, but were unable to detect a 

proportion of true incomplete collections. The pooled analyses provided evidence that both 

mean sodium and potassium differed by completion status; however, the unknown true 

prevalence of incomplete collections (incomplete collections undetected as a result of the 

specific diagnostic limitations in PABA recovery) and the variability in participants 

characteristics and behaviors, and in mean sodium by study, subsequently creates misgivings 

that these analytes differ by completion status. The differences in average values of 24-hour 

urine creatinine alone or in ratio to body weight, total urine volume, and self-reported 

missing urine volume by completion of 24-hour urine collection based on PABA recovery 

criteria suggests that each of these methods may have some value in identifying incomplete 

collection at the group or population level. Few studies combined criteria.

The intention of the meta-analyses was to determine whether there was evidence of a 

significant difference in analyte concentration/test method based on defined completeness of 

24-hour urine collections by the study and whether this difference was consistent across 

studies evaluating the same criteria. Due to the diverse methods and measurements, separate 

comparisons were generated to eliminate potential bias by combining outcomes, eg, 

creatinine concentration, creatinine ratio, and creatinine index. Substantial statistical 

heterogeneity was found separately in pooled creatinine (mmol/d) and sodium (mmol/d) 

analyses. The heterogeneity seen in both evaluations could be the result of clinical diversity 

in participants selected in each study. For example, the older population seen in Leclerq and 

colleagues’21 study, the subgrouping by sex seen in William and Binghams’19 study, and the 

gastroenterology outpatients (diagnoses ranging from large bowel disorders to upper 

gastrointestinal tract disease) used in Bingham and colleagues’ study25 could contribute to 

physiological differences that would affect ascertainment of the analytes, as seen in the 

differences in direction and magnitude of the effect seen in each study. While the 

participants in this review had a vast age range and possibly differed in dietary habits and 

health, participant characteristics cannot explain all of the observed heterogeneity, as no 

heterogeneity was observed in some analyses. Since none of the studies provided their 

protocol used, it is possible that some bias could have been introduced by unstated 
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specifications of the 24-hour collection. For example, some of the analyses included only 

two studies.

Changes in glomerular filtration rate (GFR) and kidney function, frequency of voiding, lean 

body mass, food intake, medication use, and altered gastrointestinal absorption may alter 

creatinine and PABA excretion as well as total urine volume.21 Of the eight studies included, 

four excluded individuals with chronic kidney disease (CKD),18,23–25 one excluded elderly 

individuals with acute or terminal illness,21 and one study excluded participants taking 

medications for chronic disease.22 The other two studies did not specify the health of their 

participants, but were conducted among young adults ranging in age from 18 to 46 years, 

who may be less affected by chronic disease.19,20 The four studies that did not specify 

whether they excluded participants with CKD did not provide information on serum 

creatinine, urinary protein, or estimated GFR, limiting our ability to assess whether 

variability in results were related to impaired kidney function. It is possible that unknown 

physiological differences in participants’ health may have affected observed creatinine or 

PABA excretion.

Variation in meat consumption is one potential explanation for the poor sensitivity of 

creatinine-based determination of complete urine collection when compared with PABA 

excretion.6,21 In none of the studies were participants assigned to a diet with specific meat 

intake. In one study that estimated expected creatinine with and without estimated dietary 

protein intake (total protein intake from meat and nonmeat sources), the ratio of measured to 

expected creatinine without accounting for estimated protein intake had a higher sensitivity 

in relation to PABA recovery.23

The lack of difference in timing of urine collection by PABA recovery criteria is of interest. 

Timing of urine collection was based on the individual’s self-reported record of start and end 

time of their 24-hour collection period. Depending on the individual’s ability to record this 

accurately, there may be random error in this measurement. Complete collections were 

found to have a narrower distribution than incomplete collections, indicating less precision 

in the measurement of incomplete collections. Lack of difference between categorization of 

collection completeness using average self-reported collection time could also be due to 

balance between undercollections and overcollections. In INTERSALT28 and 

INTERMAP,29 the start and end of the 24-hour urine collections were observed and 

recorded by a separate trained observer in a medical examination center and likely to be 

more accurate. Start and stop times were not observed in any of the studies. Furthermore, 

PABA excretion is typically very low near the end of its dose interval (ie, 8 hours) and hence 

the PABA method of assessing completeness of urine collection is not likely to be sensitive 

to variation in self-reported collection time (duration of collection) if it is over a modest 

amount (eg, 1 hour) or if relates to overcollection.

Among the studies reviewed, the average 24-hour sodium and potassium excretion did not 

appear to be significantly biased by including incomplete collections as determined by 

PABA recovery criteria. However, the impact of including incomplete collections on 

assessing excess sodium intake or inadequate potassium intake could be greater with a larger 

percentage of participants with incomplete collections. Compared with the studies evaluated 
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here, it is possible that a greater percentage of individuals could be excluded because of 

incomplete collection in population studies.

STUDY LIMITATIONS

To our knowledge, this is the first systematic review of studies on the accuracy of test 

methods for differentiating incomplete 24-hour urine collections. The lack of consistency in 

data collected, published detailed protocol instructions, criteria used to define incomplete 

24-hour urine collection, laboratory methods for assessing excretion levels, and lack of 

similar statistics limited our ability to combine data and compare test methods across 

studies. Unfortunately, none of the included studies used consecutive or nonconsecutive 24-

hour urine collections to evaluate differences in creatinine or PABA excretion between 

repeat collections. Hence, we were unable to determine the impact of repeat 24-hour urine 

collections on completion and our conclusions remain limited to the 24-hour time period in 

which collections were examined among included studies. We did not attempt to contact any 

authors for any unpublished or supplemental data that might have been left out of their 

publications. Contacting authors for data and conducting further analysis using similar 

criteria and statistics to identify incomplete 24-hour urine collection across studies could, for 

example, determine whether using a combination of test methods was more accurate than 

using a single method. Possible publication bias could have been introduced due to the 

inclusion of studies that reported only significant data on both complete and incomplete 

collections.

Of the studies reviewed, a large majority focused on use of creatinine, PABA, and self-

reports for assessment of completion of the collected 24-hour urine from participants. Each 

method has strengths and limitations concerning dependence of the participants, dose 

recoveries of the biomarkers, laboratory procedures, and ability to correct for possible 

associations (Table V). Further, as few investigators use PABA because of the increased 

burden to participants, the assumptions and errors inherent in its use as a gold standard may 

not be adequately described. As mentioned, in using PABA, missing urine may go 

undetected at the end of each dose interval (~8 hours); differences in clearance may be 

associated with age, gastrointestinal absorption, and chronic disease; meal timing could 

affect dosing schedule; and laboratory recovery methods still have some inherent error 

(HPLC is considered more reliable than the colorimetric method)24 (Table V). The 

feasibility and cost could limit the use of HPLC analyses.

Both methodological limitations and the heterogeneous nature of participants of included 

studies hindered inferences that could be made about the accuracy of methods to assess 

completion of 24-hour urine collection. In designing future studies on the accuracy of test 

methods to identify incomplete urine collection, investigators may want to consider a variety 

of protocols to ensure completeness of 24-hour urine collection through data collection as 

well as test methods used to exclude incomplete specimens post-collection. For example, as 

stated earlier, some previous population studies started and ended collection in person rather 

than at home; although it is unclear whether this increases completion of urine collection, it 

ensures accurate timing. A few studies also used PABA supplementation and recovery.8 

Starting and ending collection in person in addition to PABA supplementation adds burden 
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and cost to a survey or study. Furthermore, other environmental factors (eg, seasonal or 

geographic temperature and humidity) and behaviors (excessive physical activity) could 

increase fluid intake and loss of sodium or other analytes through sweat and decrease the 

amount excreted through urine.8 These factors might be considered when planning urine 

collection or comparing across surveys.

PERSPECTIVES

Twenty-four–hour urine collections are the gold standard for assessing sodium intake 

through urinary excretion in both individuals and populations30 and their accuracy can 

impact the need for and evaluation of dietary salt reduction policies and interventions.5 The 

ability to verify whether a 24-hour urine collection is complete is mired by a lack of 

agreement on a standard parameter to use for assessment. The absence of a gold standard is 

possibly related to the various shortcoming and relative daily fluctuations of each parameter. 

In our review, we found that no single test method accurately identified incomplete urine 

collection. Although the differences in average 24-hour sodium and potassium excretions for 

complete and incomplete collections were statistically significant, the average magnitude 

was not large and varied across studies. Depending on the proportion, the inclusion of 

participants with incomplete 24-hour collection may not bias the population estimates of 24-

hour urine sodium excretion; however, if incomplete collection is associated with illness or 

disease, it could affect the associations with health indicators.24 In population surveys and 

studies, it is preferable to use explicit instructions, monitoring, and ask participants to repeat 

collection if potentially incomplete to ensure complete and accurately timed 24-hour urine 

collection, such as the methods used in INTERSALT and INTERMAP.28,29 Assessment of 

incomplete urine collection using PABA recovery criteria in a random sample of participants 

could provide information on the potential bias in estimates of sodium and potassium intake 

and the usefulness of PABA recovery in determining whether 24-hour urine collection is 

complete. One study evaluated a combination of methods to assess incomplete urine 

collection post hoc with urine collection having to meet both creatinine and volume criteria. 

This approach could increase specificity, but potentially reduce sensitivity, missing some 

incomplete urine collections. Using a combination of methods post hoc to detect incomplete 

24-hour urine collection (eg, having less than expected creatinine excretion or inadequate 

urine volume or self-report of missing or spilled voids) could increase sensitivity but also 

may result in excluding a substantial proportion of individuals who have complete urine 

collection (false negatives).

CONCLUSIONS

Across the studies evaluated, the most sensitive method compared with PABA recovery for 

ruling out incomplete 24-hour urine specimens postcollection was a creatinine index <0.7 

based on sex and body weight. The application of this criterion deserves further investigation 

in comparison with using multiple criteria to exclude potentially incomplete specimens. 

Further studies and population surveys might evaluate results with and without exclusion of 

potential incomplete urine collection to help determine the impact of complete urine 

collection on estimates of sodium intake at the population level and in relation to health 

outcomes.
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FIGURE. 
Pooled mean differences of complete vs incomplete urine collections based on para-

aminobenzoic acid (PABA) recovery criteria using various test criteria for analysis or 

nutrients recovered. Total refers to the total number of 24-hour urine collections for each 

study. Williams and Bingham19 is one study, with data subgrouped by sex.
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TABLE V

Strengths and Limitations of the Various Methods Used for Determination of Completeness of 24-Hour Urine 

Collections

Method Rationale Strengths Limitations

24-Hour urinary 
creatinine, usually 
expressed as a ratio 
of observed to 
expected (predicted) 
urinary creatinine 
excretion at various 
thresholds, eg, <0.7

24-Hour urinary 
creatinine excretion is 
an indicator of lean 
body mass31; can be 
reliably predicted 
from age, sex, and 
body weight23,32; and 
is assumed to vary 
little from day to day33

• Urinary creatinine is an 
endogenous indicator

• Average individual COV based on 
duration of collection period vary34; 
for example, a 10-day collection 
period COV ranged from 2% to 
17%,35 while a 20-day collection 
showed a COV of 4% to 15%.36

• Urinary creatinine excretion can also 
vary due to the following factors: 
protein/meat consumption,12 kidney 
function,37 age,21 sex,38 body 
mass,31 menstruation, emotional 
stress, infection/fever/trauma, and 
strenuous activity39

PABA recovery over 
a 24-hour period 
greater than a 
specified threshold 
(typically ≥85%)

More than 90% of 
PABA consumed is 
excreted in urine over 
24 hours. Participants 
take three 80 mg para-
aminobenzoic acid 
tablets at designated 
times (with meals). 
PABA is a nontoxic B 
vitamin not commonly 
consumed in foods

• PABA is almost 
completely excreted in 
urine, eg, mean 
recovery of a dose (240 
mg) over a 24-hour 
period was 93% in 33 
individuals.6

• Nontoxic, harmless to 
participant.6

• HPLC method is 
accurate and specific40

• Pill counting can 
determine adherence to 
protocol.27

• Reliance on the participant’s 
adherence to instructions for 
consuming PABA6,20,41

• Increased burden on the participant

• PABA recovery declines with 
increasing age.13,21

• Meal timing/dosage schedule affects 
PABA recovery.13

• The colorimetric laboratory method 
may be limited by its lack of 
specificity in distinguishing PABA 
from other drugs (eg, sulfonamides, 
furosemide) and supplements (eg, 
folic acid) that contain amine 
groups.12

• Extra cost associated with both the 
tablets and the analysis of 
PABA.24,30,42

Self-report of 
missed voids using a 
questionnaire, eg, 
“missing more than 
a few drops,” 
“missing at least one 
void”

Participants reliably 
report missedurine

• Non-invasive, low cost

• Can use multiple 
questions for 
assessment (eg, missed 
voids, spillage, 
estimated 
volume).18,20,43

• Can be used in the 
absence of a reliable 
biomarker technique or 
laboratory.24

• Differences in questions used to 
evaluate completeness makes 
comparison across studies 
difficult.18,24,44

• Reliance on participant memory, 
honesty, and accuracy

• Standard training and instruction 
required for study staff and 
participants.29,44

24-hour urine 
volume less than a 
specific threshold, 
eg, <250 mL29

“The maximal 
concentrating ability 
of the kidney dictates 
the minimal urine 
volume that must be 
excreted each day to 
rid the body of waste 
products of 
metabolism and 
ingested ions is 
estimated at 500 mL.45

• Easily measured and 
assessed.

• Can be used at the 
return of urine 
collection to assess 
completion and request 
a repeat urine 
collection.

• Large individual COV ranging from 
7.0% to 31.2%.36

• Medical conditions and diseases can 
affect urine concentrating ability and 
urine volume, such as central 
diabetes insipidus, nephrogenic 
diabetes insipidus, kidney 
impairment, and inappropriate 
secretion of antidiuretic hormone 
(ADH) or lack of response to 
hormone.45
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Method Rationale Strengths Limitations

• Relies on accurate measurement and 
recording of study staff.

Timed duration of 
24-hour urine 
collection (typical 
range between 20 
and 28 hours), either 
observed by study 
staff or self-reported 
by the participant

Accurate timing 
essential for adjusting 
the amount of analyte 
excreted to 24 hours

• Flexible, can be 
assessed by study 
personnel (observed) or 
by the participant (self-
report)

• Improperly following the protocol 
(keeping the first void)

• If not observed, reliance on 
participant’s motivation, memory, 
honesty, and accuracy

• If observed, in person, increased 
burden and cost due to travel of the 
participant to a common site or 
study staff to the participant’s home

• Does not account for missed or 
spilled urine

Abbreviations: ADH, antidiuretic hormone; COV, coefficient of variation; HPLC, high-performance liquid chromatography; PABA, para-
aminobenzoic acid.
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