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Abstract

Purpose Urinary iodine concentration (UIC (pg/ml) from spot urine samples collected from school-aged children is used to
determine the iodine status of populations. Some studies further extrapolate UIC to represent daily iodine intake, based on
the assumption that children pass approximately 1 L urine over 24-h, but this has never been assessed in population studies.
Therefore, the present review aimed to collate and produce an estimate of the average 24-h urine volume of children and
adolescents (> 1 year and < 19 years) from published studies.

Methods EBSCOHOST and EMBASE databases were searched to identify studies which reported the mean 24-h urinary
volume of healthy children (> 1 year and < 19 years). The overall mean (95% CI) estimate of 24-h urine volume was deter-
mined using a random effects model, broken down by age group.

Results Of the 44 studies identified, a meta-analysis of 27 studies, with at least one criterion for assessing the completeness
of urine collections, indicated that the mean urine volume of 2-19 year olds was 773 (654, 893) (95% CI) mL/24-h. When
broken down by age group, mean (95% CI) 24-h urine volume was 531 mL/day (454, 607) for 2-5 year olds, 771 mL/day
(734, 808) for 612 year olds, and 1067 mL/day (855, 1279) for 13—19 year olds.

Conclusions These results demonstrate that the average urine volume of children aged 2—12 years is less than 1 L, therefore,
misclassification of iodine intakes may occur when urine volumes fall below or above 1 L. Future studies utilizing spot urine
samples to assess iodine status should consider this when extrapolating UIC to represent iodine intakes of a population.
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Abbreviations UIC Urinary iodine concentration
DONALD Dortmund Nutritional and Anthropometric UIE Urinary iodine excretion
Longitudinally Designed Study WHO World Health Organization
NOS Newcastle—Ottawa scale
PRISMA  Preferred Reporting Items for Systematic
Review and Meta-Analysis Introduction
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excretion, equivalent to 100 ug of iodine and reduced
goiter prevalence among children and adults [8], later
iterations extrapolated this value to represent a concen-
tration, urinary iodine concentration (UIC), expressed as
pg/L [6]. Whilst these recommendations were originally
developed as a marker of iodine status within populations,
some studies have utilized UIC from spot urine samples
as an indicator of iodine intake [9—14]. In such instances,
issues may arise as UIC would only be reflective of daily
intake if urine volume was equivalent to 1 L. For example,
in a population with a daily urinary volume of 1 L, a UIC
of 100 ug/L could be extrapolated to be indicative of a
daily iodine intake of 100 pg/24-h. As this value is equal to
the daily intake originally associated with reduced goiter
prevalence [8], this population can be classified as having
a sufficient iodine intake. However, in a population of chil-
dren with a daily urine volume closer to 0.5 L, a UIC of
100 pg/L may be indicative of a daily iodine intake closer
to 50 pg/24-h. This could result in the misclassification of
this population as iodine sufficient when their daily iodine
intake may, in fact, place them at risk of developing iodine
deficiency disorders.

Therefore, iodine monitoring programs which have
extrapolated daily iodine intake from UIC determined
from spot urine samples in populations of children and
adolescents [9—14] and have not taken the lower daily uri-
nary output into account, may be inaccurately estimating
iodine intakes. As such, this may have resulted in the mis-
classification of populations as having sufficient iodine
intakes, when their true intakes may be lower than the
100 pg/day originally associated with reduced goiter prev-
alence. Such misclassifications may have prevented the
implementation of necessary iodine fortification programs.
To date, there has been no global systematic collation of
the average 24-h urine volume of children and adolescents.
This information could help researchers estimate popula-
tion dietary iodine intake of children and adolescents from
spot urine samples. Therefore, the aim of the current study
was to estimate the average 24-h urine volume measured
in healthy children and adolescents, by conducting a sys-
tematic review and meta-analysis of studies which have
reported the 24-h urine volume of children and adolescents
aged 2-19 years.

Methods

This protocol adheres to the Preferred Reporting Items for
Systematic Review and Meta-Analysis Protocols (PRISMA-
P) 2015 statement [15] and was registered with the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) (registration number CRD42016033682).
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Information sources and search

A search strategy was developed to identify papers published
up to October 2018, which have reported the 24-h urine vol-
ume of children and adolescents (> 1 year and <19 years).
An electronic literature search of EBSCOHOST (MEDLINE
complete, CINAHL, Academic Search Complete and Global
Health) and EMBASE databases was conducted. The search
strategy was developed in consultation with a research
librarian. Free text keywords were used to conduct the
search. Search criteria specific to each database are outlined
in Table 1. The search strategy was piloted across each data-
base to improve the effectiveness of the final search. Only
peer-reviewed original research articles published in English
and conducted in humans were included. It was beyond the
scope of this review to include and examine sources from
‘grey’ literature. The reference lists of included studies iden-
tified through the search were also reviewed.

Inclusion/exclusion criteria

Only peer-reviewed original research studies were included
and any reviews, meta-analyses, editorials, case reports,
conference proceedings or other grey literature identified
through the search were excluded at the screening stage.
As the primary focus of this review was to determine the
average daily urinary output of children and adolescents,
only studies which reported the 24-h urinary output of
healthy children and adolescents > 1 and < 19 years of age
were included. Where multiple published reports were
available from the same study, the most recently published
and/or the study with the largest sample size was included.
All papers identified from the initial electronic search
process were imported into an Endnote library, and dupli-
cates removed. Titles and abstracts were screened and
studies included based on the eligibility criteria as outlined
above. Two investigators (KB and MW) independently
screened the titles and abstracts of the articles indepen-
dently to assess eligibility for inclusion. If agreement was
reached, articles were either excluded or moved to the next
stage (full-text). If agreement was not reached, the article
was moved to the full-text stage. Following this screen-
ing process, the full text of eligible studies was retrieved
and studies which collected 24-h urine samples but did
not report the final 24-h urine volume were excluded.
At this stage, the reference lists of included studies were
scanned, and the full text of any relevant studies retrieved
and reviewed for inclusion. The PRISMA flow chart [16]
was used to document the number of studies identified
during the search process and those excluded and included
according to the outlined eligibility criteria (Fig. 1).
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Table 1 Search criteria specifications for each database

Database Search options

Search terms

EBSCOHOST
Academic search complete
journals; language: English
Search modes—boolean/phrase

CINAHL complete Limiters—English language; peer reviewed
Search modes—boolean/phrase
Global health Limiters—Ilanguage: English
Search modes—boolean/phrase
MEDLINE complete Limiters—English language; human
Search modes—boolean/phrase
EMBASE Advanced search

No mapping options used

No date limits specified

Sources: Embase only (Medline not
selected as separate search)

Field labels: abstract, article title, index
term and subheading

Quick limits: human, only in English

Publication types: article, article in press

EBM, gender, age and animal advanced
options left blank

Limiters—full text; scholarly (peer reviewed)

(“24 h urin®*” OR “twenty four hour urin*” OR “24 h urin*”)
AND

(sampl* OR collection* OR volume* OR excretion* OR output™®)
AND

(schoolchild* OR child* OR adolescen* OR teen*)

#1: ‘24 h urin®*” OR ‘twenty four hour urin*’ OR ‘24 h urin*’ OR
‘twenty four h urin*’

#2: sampl* OR collection* OR volume* OR excretion*or AND
output*

#3: child* OR adolescen* OR teen*

#4: #1 AND #2 AND #3

As multiple studies had utilised data from the Dortmund
Nutritional and Anthropometric Longitudinally Designed
(DONALD) Study [17], cross-checking of study dates and
participant characteristics was carried out to minimise par-
ticipant overlap between the studies. Some studies (n=7)
[18-24] were excluded from the final analysis as they did
not report which years of data collection had been analysed,
therefore, possible participant overlap with other studies
could not be determined. No additional information apart
from that published was available from authors. Where par-
ticipant overlap was possible, the study with the larger par-
ticipant number was included in the final analysis. Of the
27 DONALD studies initially identified, six studies [25-30]
were considered for the final analyses as they captured the
full range of data collection years and included the largest
number of participants whilst minimising possible partici-
pant overlap.

Data extraction and synthesis

Data extraction was completed using a data extraction tem-
plate (Table 2). The template was initially piloted on five
eligible studies and modifications made where necessary.
As 24-h urinary creatinine excretion either alone, in relation
to expected creatinine based on sex and/or weight, is often
used as a marker for complete urine collection under the
assumption that urinary creatinine excretion, as an indicator
of body mass is stable within individuals from day to day
[31-33], data pertaining to 24-h excretion of creatinine was
also extracted where reported.

Quality assessment

The quality of the studies included in this review was
assessed using a modified version of the Newcastle—Ottawa
scale (NOS) for cohort studies [34], as all studies included
in the final synthesis were of a cross-sectional study design.
The NOS was modified to suit the context of the studies
included in the review and particular consideration was
made towards the 24-h urine collection methods used in
each study. This scale assigns stars to indicate higher qual-
ity based on three broad criteria specific to the design of the
study: (1) selection (representativeness of the study sam-
ple); (2) comparability of the findings (normalisation of the
results to a 24-h period); and (3) assessment of outcome
(quality of the reported 24-h urine collection methodology)
(Online Supporting Material). Studies were categorised as
‘high’ ‘medium’ or ‘low’ quality according to the number
of stars they received (out of a maximum of 10 stars: low:
0-3; medium: 4-7; high 8-10). As only three studies pro-
vided sufficient detail on their urine collection protocol to be
classified as “high” quality [35-37], we included a second
category of quality assessment, based on studies which had
reported at least one criterion for the assessment of urine
collection completeness.

Statistical analysis
Following data extraction, data was collated and imported

into STATA/SE 15.0 (StataCorp LP, College Station, TX,
USA) for analysis. The main outcome variable was 24-h
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Fig. 1 PRISMA flowchart

2418 Records identified through
database search

A

357 Duplicates removed

A 4

2061 Records screened

1715 records excluded:
— Case report —n=6
— Conference proceedings — n=10
— Editorial = n=11

A4

\ 4

— Meta-analysis — n=2

— Review — n=26

— Title exclusions — n=1353

— Abstract exclusions — n=307

eligibility

346 Full-text articles assessed for

247 Full text exclusions:
— Animalstudy-n=1
— Did not report urine volume - n =230

\4

A4

— Not ‘healthy’ sample-n =14
— Notinagerange-n=14
— Spot sample used-n=6

81 Full text articles which met criteria

27 Further full text exclusions:
— Duplicate studies - n=5

A 4

— DONALD duplicates excluded —n=15
— DONALD studies without study dates — n=7

FINAL

synthesis

54 Studies included in qualitative

urine volume, presented in mL/24-h. Of the 54 studies origi-
nally included, five did not include a measure of spread/
dispersion [38—42] and were subsequently excluded (Fig. 2).
Most studies (n=37) reported urine volume as mean (SD)
or mean (SEM) [35-37, 43-76] (Table 3). Twelve studies
reported urine volume as median, this included median (min,
max) n=4 [77-80], median (IQR) n=7 [25, 26, 28-30,
81, 82], median (P3, P97) n=1 [83]. For the seven studies
which reported median (IQR) (Table 4), the mean (SD) was
extrapolated from the median (IQR) using the median as a
proxy for the mean and the IQR as a proxy for the SD (i.e.,
P75-P25=SD) [84]. The calculated mean (SD) for these
studies was then pooled with the results of those studies
which reported urine volume as mean (SD). As such, a total
of 44 studies were considered for the primary analysis.
Due to the wide age range of participants of the
included studies, studies were grouped into three groups
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according to the age of the participants; 2-5 years (17
studies) [26, 28, 36, 43-45, 50, 51, 54-57, 60, 62, 68, 72,
74, 75], 6-12 years (20 studies) [25, 30, 35, 36, 45-48,
52,54, 58,59, 61, 63-66, 71, 76, 81] and 13 to < 19 years
(12 studies) [25, 26, 29, 36, 49, 53, 54, 63, 65, 67, 69, 81].
These cut-points were chosen based on the WHO criteria
for assessing population iodine deficiency, which defines
school-aged children as between 6 and 12 years of age [6].
As some studies presented results broken down by age
group, a single study may have been assigned to multiple
age groups. Studies which crossed the age group cut-offs
were assigned to the age group in which the majority of
the participants would fall (e.g., a study with participants
9-13 years [59] would fall into the 6-12 year age group.
Four studies [37, 70, 73, 82] which encompassed very
large age ranges (i.e., > 8 years) were excluded from the
sub group analyses using age cut offs.



European Journal of Nutrition (2020) 59:3113-3131

3117

Table 2 Data extracted from included studies

Study overview
Aim(s)
Study design
Study year(s)
Description of country where the study was conducted
Season of the year
Setting (i.e., home/school)

Methods

Recruitment method

Inclusion criteria (main study—not urine specific)

Specific exclusion criteria (main study—not urine specific)
Data collection overview

24-h urine collection protocol

24-h urine protocol description

Criteria for completeness of urine samples

- Time of collection (hours)

- Volume of collection

- Creatinine cut-off

- Number of missed collections reported by child/parent
Specific exclusion criteria for urine samples

Adjustment for collection time/normalised?

Other nutrients analysed

Participant characteristics

Total no. participating

No. exclusions

No. withdrawals

Final n included in analyses

% male participants

Total no. urine samples

Age, mean and range

Weight category/BMI

Race/ethnicity

SES (include description of SES definition)

Results

Urine volume (L/24 h)—mean, SD/SEM, median, range
Creatinine—mean, SD/SEM, median, range

Initial analysis

The overall mean [95% confidence interval (CI)] estimate
of urine volume for all 44 studies was determined using a
random effects model and presented for the group as a whole
(i.e., 2-19 year olds), as well as broken down by age group.

Primary analysis: studies with > 1 criterion for assessing
the completeness of urine samples

As the inclusion of criteria for assessing the completeness
of urine collections can result in the exclusion of over/under
collectors, the primary analysis was limited to only those
studies which reported at least one criterion for assessing
the completeness of the included urine samples (n =27,
“Primary Analysis, Fig. 2). The overall mean (95% CI) esti-
mate of daily urine volume was determined using a random
effects model and displayed in forest plots, broken down by
age group.

A one-way ANOVA was used to assess the differences
in urine volume across the three age groups. In addition, a
one-way ANOVA was used to assess differences in the urine
volume between those studies which did not report any crite-
ria for assessing the completeness of included urine samples
and those which reported > 1 and > 2 criteria. Tukey’s post
hoc tests were performed to determine significant differences
between age subgroups. Heterogeneity was analysed using
the /7 and Q statistics. The coefficient of variation (CV) of
the mean volume for each age group was derived from the
mean and SD random effects analysis and was calculated by
dividing the SD for each age group’s urine volume by the
mean and multiplying by 100. A two-sample ¢ test used to
assess the difference in volumes determined for the initial
analysis compared to the primary analysis (i.e., limited to
studies with > 1 criterion for assessing the completeness of
the urine samples) across the three age groups. As 11 stud-
ies had presented the results broken down by gender [26,
28-30, 37, 53, 65, 66, 68, 70, 81], a two-sample ¢ test was
used to evaluate the difference in 24-h urine volume between
genders.

To examine whether climate had an impact on overall
urine volume, studies were classified according to climate
based on their proximity to the equator. Studies which were
conducted in countries which lie between the Tropic of
Cancer and Tropic of Capricorn (23.5° north and south) (2
studies) [54, 55] were classified as having a “warm” climate,
whereas studies which fell outside of this area were classi-
fied as having a “cold” climate (25 studies) [25, 26, 28-30,
35-37, 43, 46, 48, 52, 56, 57, 60, 61, 64, 66, 67, 70, 73-75,
81, 82]. A two sample 7 test was used to assess the difference
in urine volume between climates.

Results
Summary of studies considered for primary analysis

The 44 studies considered for inclusion in the primary analy-
sis were published from 1981 to 2018 (Tables 3 and 4). Of
these, 14 reported findings from Europe [25, 26, 28-30, 46,
50, 56, 60, 66, 70, 71, 81, 82], seven from the United King-
dom [36, 48, 56, 57, 61, 68, 75], seven from Asia [49, 51,
52, 58, 65, 68, 73], four from North America [55, 64, 69,
76], three from South America [44, 62, 72], three from the
Middle East [43, 67, 74], three from Africa [37, 54, 76], and
one from Australia [35].

Twenty-five studies reported creatinine excretion [25, 29,
35-37,43, 45, 46, 49, 52-54, 58, 61, 63, 64, 67, 69-71, 73,
75,717,179, 81], 17 as 24-h excretion (mmol/24 h, mg/24 h,
g/24 h) [29, 35-37, 45, 46, 49, 52-54, 58, 63, 64, 69, 70,
73, 81], six as a ratio of creatinine to body weight (mmol/

@ Springer
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Fig.2 Flow chart of studies

included in analyses UR

INE VOLUME REPORTED BY 54 STUDIES

Excluded as no measure of
spread/dispersion (i.e.
SD/range) reported: n=5

VOLUME PRESENTED
AS MEAN (SD) OR MEAN
(SEM) n=37

T

VOLUME PRESENTED AS
MEDIAN (RANGE) n=12

A4

Median Median Median
(p25, p75) n=7 (min, max) (p3, p97)
USED AS PROXY n=4 n=1

FOR MEAN (SD)

l

Excluded as SD/SEM
could not be determined
n=5

INITIAL ANALYSIS

— ] i

No age group
n=4

6-12y/o 13-19y/o
n=20 n=12

! i i

STUDIES WITH >1 CRITERION FOR ASSESSING THE COMPLETENESS OF

PRIMARY ANALYSIS:

URINE SAMPLES n=26*

i

i i l

2-5y/o
n=11

6-12y/o 13-19y/o
n=12 n=7

No age group
n=4

kg, mg/kg) [25, 61, 67,71,75, 77] and two as a ratio to urine
volume [43, 79].

Quality of studies considered for primary analysis

The criteria used to evaluate the completeness of the urine
samples was inconsistent between studies, 18 studies did
not provide any information on criteria used to assess the
completeness of the urine samples [44, 45, 47, 49-51, 53,
58, 59, 62, 63, 65, 68, 69, 71, 72, 76, 82]. Of the 26 stud-
ies which reported their urine assessment criteria, 21 used
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creatinine excretion per kilogram of bodyweight [25, 26,
28-30, 35-37, 43, 46, 52, 54, 61, 64, 66, 67, 70, 73-75, 81],
based on established age and gender-specific cutoffs [85].
The remaining five studies relied solely on urine volume
[56, 57], the number of reported missed collections [48], the
excretion of other nutrients (i.e., fluoride) [55], and param-
inobenzoic acid (PABA) recovery as a measure of complete-
ness [60]. Across all 26 studies, a total of ten studies utilised
urinary volume as an indicator of completeness [35-37, 43,
48, 52,56, 57, 61, 67], three [35, 37, 52] used the cut-off of
300 mL/24 h based on previously published criteria [86],



3119

3113-3131

European Journal of Nutrition (2020) 59

[s¢]
zodo
Mo € /4 81 6 Mo[oq @1ex uonaIXY OJIX JO 181§ (6'0) 8°€ ¢ 0T (%¥9) 0€ 0T PqLISSIp 10N -zarenf
SI-TI S 4!
01-9 e 8T [+5]
Mo [ /3 '€ JO 9Sur1 9Y) JO APISINO SAN[BA SUIUNELAID AreuLin) BLIOSIN ‘QIny  PaqLIOsap JON S—¢ 8 PIqLIDSIP ION 6 800T [SouIoH
61-C1 ST (%000 St
Mo 0 PaqLIdsap JON PIqQLIdSIP JON  PRqLIoSap JON 61-¢CI 4 (%001) ST ST PaquOsIp 10N [€6] assoH
(sKoq 10j
U-$Z/IOWW 677 > PUE SIS 10 Y-pZ/[0W 67 >) J[NUID YI§ > SUruneai) (g) 0001 -6 il (%87) L9 ¥
wnipay L 10 Y-,/TW QOE > SWN[OA duLIN (T) eury) ‘ryzsuey) (o) zo1 -6 8¢l (%6¥) L9 8€1 €10T [zs1oH
9-1°¢ L1 %LY) 8 LI
Sl (33 (%S9 81 €€
Mo [ PaqLIdSap JON uedey ‘1SeATN - PaqLIdsap JON ¢ 6¢ (BSY) €1 6T S00z  [16] eSeq
log]
10819q
Mo 0 PaqLIdSap JON Kuewron ‘uapsaiq €Dy 9-¢ 11 (%599 11 8661 -uayyeH
Kep/3y/[owr 1°() > UONAIOXD dUIUNEAID ATeulin) ()
10 ‘uond9[[0d | < Sursstwr pajrodar juedronied (¢)
[w 0Q€ > WN[OA [eI0L, (T) L
Y 87 <10 (7> awn uonddo) (1) @oror TI-8 861 (%¥9) 69T 861
yStH o1 “BLI9)IO SUIMO[[O] AU} JO dIOW 10 AU eIeNSNY BLIOJOIA (L0 69 6L ¥ 891 (%L8) 96 891 €102-010Z  [S€] sownn
l6v]
M0 T PqLISSIp 10N ueder ‘emeSeuey  paqLsap ION 811 9L (%001 ¥8 V8 0861 euwrysing
(6=1U) uonERUIWILIUOD IS0 IO [BLIAIORQ IO ‘(] =) ULSW JLIOWOdT
AU} MO[oq SUOTJBIADD PIEPUER)S  ISOW[E JWN[OA JULIN B ‘(=) poLiad
WNIPIJN % UOTII[[09 JOA1I0UT UR JO ASNBOAQ PAPN[IXD dIom sI[dwes ouLIn UdLIN0,, wop3ury pAuN ‘Kingsies (T0) 96 01-6 061 (%LY) 68 0T  P3QLIOSIP JION [817] Jre[D
[Lv]
WnIpa 14 P3QLIOsap 10N P3QqUIOSap 10N (1) 88 119 |4 (%8Y) 01 1T PaqLIsIp JON Joeqreg
[ov]
Mo 0 Kep/33y/jowut [°( > UONDIOX QUIUNEAL) ureds (T 88 =L soc (%£9) 601 SOT 10T omotredy
11-6 01 01
6'8L 91 91
6'9-¢ 91 91
‘ . [gt] nan
6v—¢ €l €l -qnSmg
Mo 0 PqLISSIp 10N POQLIOSIP JON  PqLIdSOp JON 6T C L PoqUIOSOpPION L PqLISSIp 10N “PIRAIY
B[oNZ
-USA ‘SOLIOJA] SO 9p uenf ueg €ney ¢ 1€ I [++]
Mo z PaqLIOSAP JON B[ONZOUJA ‘SeorIe)) (80 1y S—¢ € pPIqLIdSIP ION € PaqLIOSAP JON 0paAdDY
Jw/3w G' <10 ]°()> UONBIUIDUOD AUIUNLAId ATeulif) (7) [ev]
wnipay S PUE { 4 UI [W Of] > 18l mofj duLin (T) dins ezen €01y ¢ 91T (%87) ¥01 91T  POqUIOSIPION  qoo[eynqy
0l
Jono
Louney Q109§
s1eak (S) (s1eak) sordwes (%) u
21095 SON sopdures ouLIn J0J BLIGILID UOISN[OXH Anuno) ueow a8y oSuerody ouun pI[eA QeI u  (s)reax Apms Apms

saIpmys /¢ =u ‘(INIS/S) Ueaw st pajuasaid sem dWN[OA dULIN Y- 219y sisA[eue Krewrid 10 paIapIsuod saIpmis Jo sonsLsjoeIey) € ajqel

pringer

a's



3113-3131

European Journal of Nutrition (2020) 59

3120

a9yl 8I-11 L1 (%L¥) SS  LT1
Kep/Sy/[owu [°()> UONAIOXS dUTUEaL) (7) @0 €r1 8111 6¢1 (B¥Y) LS 6T1
wnipsy ¥ ITo/pue “Jur OG> ouwn|oA (1) uel] ‘uteyes| 0D v¥1 8111 8¢I %) Ty 8C1 910C-610C  [L9] oyey
=L 98 (%0)0 98
wnipaN 9 Kep/3y/jowut [°() > UONAIOXD SUIUNEAL) [e3miog (80 L8 I1-L 98 (%001)98 98 $10T  [99] ovipeq
(€D L9T 81—¢I €61 (%000  ¥9€¢
MO € PAqLIdSap 10N uedep (AR 17-9 S %O ¥S  9S 00T [S9] Lo
[9L]
BOLY 1S9 ‘UIUag L'6 (4] €1 (%001 €1 €1 ensuoog
MO C PIqLISap 10N BOLIDWY [2QU9)) ‘B[ewaIenD '8 69 L (%00 L 6 9661 -OSIPIN
[Anowondiosqe Ke1-x AS1ouo-fenp
£q pourejqo se NG U0 UONAIOXd dUIUNEAID -7 Jo uonenbo uorssarsor [+9]
wnipajA S © Sumy 1o)e sisA[eue [enpisar £q poynuopt suondo[[od autm ajetidorddeur,, SalRIS pAUN ‘oMo L6901 €1-8 6S¢ (%0)0 I8¢  P3qLIsap JON JIAOYIeIN
(61 1 81-01 I %sy)s 11 [c9]
Mo 0 PqLIdSap 10N PqLIdSap 10N (€08 6679 1T (%599 11 POqQUIOSOP JON  BWRyNIB]N
[29]
Mo 4 PqLISSIp 10N [29] 1rzeag ‘piqr Le ¢ I %sv) S 11 800T sunrepy
U 87 <10 [ (7 > SeM UONoI[[09 3y} Jo Surwn ay I (1)
JO/PUB "SPIO LK LI-E1 10§ €D 9V L1-€1 €01 @s9)Ls st
Y-/ TW (0S > 10 SPIO 183K -8 pue 9—G 10§ y/33y/[w §°() > Jo ndno aurmn (¢) o
P/33/[owWu (> JO QUIUNEaId ATRULIn y-p7 (7) ((ONSE 68 IT1 (%0$)9S  L91 [9¢]
UStH 8 UONO[[0D BULIN JUO ISE] 18 Passiu daey 0) pantwpe juedonred oy, (1) pue[Sug ‘uopuor [CORSIY 9-¢ 9l (%T9 19 081 010T-L00T OIoLIBIN
oot L9 €1 €1
Kep/3y/3w 117 <10 Aep/3y/3w ¢ ][ > UONAIOXS durunear) (7) (€099 L9 3t 3t [19]
WNIpAA L s1eak 9 2 uaIp[Iyd 0y U/ TW 6> pue sp[o Jeak 9> Jof y/[w G > Moy Areurin) (1) pue[Sug UIOYLION (€099 -9 4 PoquOSOP 10N T PaqLIOSap JON annSe
[09] 1mop
wnipsy S %58 > K10A0091 VIV pue[ao] “YIAeLyLoy Too 9§ 8¢ (%T9)0€ 9L PaqUIOsap 10N -suIofqistry
l65]
M0 0 PqLISSap 10N PqLISSap 10N €0 vt €16 €1 (%001 €1 €1 PqLIdSap 10N uodpary
[8¢]
Mo 0 POqLISSIp 10N ®IpU] ‘Ysoprid BIYpPUY W'D Lot 11-6 81 (%001) 81 81 POqLISSIp 10N Slepueyy
[eSMI0d ‘[eqIdS/epew Y o re ge¢1 1 1
SPUBLISYION 9y} ‘WIdERH cozce SeST 9 9
pue[ad] “Yiaeljkoy (€0 9¢ Se=S1 ¥ ¥
pueuld ‘n[nQ o re [ 81 81
pue[Sug ‘Aosmousy ©ore SeS1 81 81
wnIpsy 9 /[ OZH <10 /[ 6> Jo dper moyy Areurin) pue[aI] Y10D) Tore Se=ST 61 PoquIdSIp ION 61 96611661  [96] Kopay]
Mo € /T 6> ojer mopy Areutin pue[3uy ‘OpIsKASION (YOREY 9-¢ S9 PoqLIOSOPION €1 paqudsap 10N [£6] Kepay
01
Jono
Louney Q103§
sIeak (S) (s1eak) sordwes (%) u
2109s SON sordures ouLIn J0J BLIGILID UOISN[OXH Anuno) ueow ‘o8y oSuerody ouun pIfeA QeI u  (s)1eax Apmg Apms

(ponunuoo) ¢ 3jqey

pringer

Qs



3121

3113-3131

European Journal of Nutrition (2020) 59

01-8 Y31y ¢/~ ‘WnIpaw ‘g—() :MO[—(] JO INO 9I00S UO paseq Juner SON
SOIPN)S 1I0Y0J I0J J[BIS BMEBNIO—I[ISBIMAN SON

. UOTIAIOXD QUIUTIEIO

10J 9NJeA 90UAIJI pIepue)s oy im sty) Surredwoo pue ojdwes ourin [sL]
Mo I U-{Z Yoo Ul dUIUIIEAID JO UONAIOXD ATeuLin 9y SuLmseaw £q pajepIfen,, pue[Sug ‘o[ISeomoN 90) € 1 L %ILS L 200T 1noyoz,
[vLl
Mo [ Kep/3y/3w ()7 <10 Aep/3y/Sw ] > UONAIOXS dUIUNEIID) URI] ‘90UIAOI SIB] POqLIOSOP JON 6t—¢ 8L poqLIdSIP ION 8/ 9661-S661 Lmnoyoz
M0 € PIQLIdSIP 10U JOINO—Pasn durunealo Kreutin) 'UD @) ool 11— 91 (%08)S o1 T1oz  lgLl Sueyz
MO € PaqLIOSap 10N a[IyD ‘ofenues 80 ¥ 9-¢ 0z (%001)0T 0T  PaqLsap JON [zLlemA
[12]
M0 0 PqLISSap 10N douel] (Iro) g1 11-6 6 (%0016 6 P2qLIosap 10N noymog,
. [POPN]OXd IoM SIUI[ UOTSSAITaT ) Jo aFuer
UOTIRIAGD PIBPURIS 0M] AU} PISINO [[3) OYM $)93[qng “Xas pue o8¢ 10j uon (Cahad! 61-01 8L %00 8L [oL]
wnipaN ¥ -eoynens 1oye 1yStom £poq Isurese panofd sem UONAIOXd dUIINEIO ATeuLi(,, wnisog ¢ evl 61-01 78 (%001) T8 T8 1861-6L61 UassarIg
ODeer PI-TI1 £ve (%09) 7Tl €T [69]
Mo I PAqLISIp 10N ALY PAIU() “BIOSAUUIN (€D 6el PI-T1 [U% (%09)0C O  P3qHIs9p 10N oyIeuls
1/3w 06T <10
1/3w (087 > Sem ouruneaId AIeurin () pue fy 8z <JIo 07 > JO 9pIsino
SEM QU] UOTIOR[[0D 3} (€) {UONI3[0d durmn Surmp 1so] payiodar arom
surin jo sdoxp majJ & uey) I0W (7) [W OOE URY) SSI] ST SWN[OA )
yStH 6 (1) 31 papN[OXa UdY) Pue AI[AWOOUL PIIIPISUOD DIM SUONIII[OD dULI) 022010 “1Bqey 286 819 1€l (%t8) 89 1€l 910z-S10¢  [Lg] pares
9 T %00 v
pue[Sug ‘a[IseomoN 4 0z (%001) 0T 0T
iy 9 %00 9T [89]
wnipaN 14 PqLISSIp 10N eyuRT LIS ‘g[nquied  PaqLIOsdp 10N 9 LT (%001) LT LT~ PaquoseploN  uunO-33my
01
Jomo
Louney Q103§
sIeak (S) (s1eak) sordwes (%) u
2109s SON sordures ouLIn J0J BLIGILID UOISN[OXH Anuno) ueow ‘o8y oSuerody ouun pIfeA QeI (s)reax Apmg Apms

(ponunuoo) ¢ 3jqey

pringer

a's



3113-3131

European Journal of Nutrition (2020) 59

3122

01-8 Y31y ¢/~ ‘WnIpaw ‘¢—() :MO[—(] JO INO 9I00S UO paseq Juner SON:
SQIPN)S }I0Y0J I0J J[BIS BMEBN-I[ISBIMAN SON

()06 €19 ¥L6 %00 15T
wnipaj\ 9 Kep/Byy/jowur [°( > UONAIOXD SUIUNEIL) Aueuriog ‘pununioq ()06 €1-9 S86 (%001)S9T S9T 010T—¢€661 [0€] 3mooueylog-orgauatuoy
SuoN0a[[0d passiw pariodal oN (7) () 0ovI 8I=¢1 0¢ (%00 0
wnipsy 9 Kep/Syj/joww [°( > UONIOXD dUIUNEAL) (1) Aueuriog ‘pununioq () 061 8I—¢l 0¢  (%001)0¢ O€ 20029661 [62] 1mooueylog-0IauaUoy
Y 07> 9wy uonaa[[o) () () 0S 69V ¥9¢ %00 L1
wnipsy S Kep/3/joww [°(>uona1oxa durunear) (1) Aueurrog ‘pununioq () 0's 691 69T (%001) 9%T 9¥1 010¢~000¢ [82] 1mooueyrog-oi5auaiuoy
() T91 81=61 44! %00 oL
(X4 6vi—¢l ¥8 (%000  9¢
(»Te 6'¢¢€ 4 %00 vt
() T91 8I1=61 Syl (%001)99 99
(X141 6vi—¢l €8 (%00D S  ¥S
wnipaN S Kep/Byy/jowut [°( > UONAIOXD SUIUNEAL) Aueuriog ‘pununioq (D) 1€ 6'¢c ¢ 81 (%001 ST SI 600¢—€00C [9z] epnqry
Mo 1 P3qLIOSIp 10N uredg ‘eotofey (oo ozr L1-§ SOT (%199  SOT  PaquIsIp JoN [z8] sesern
suoneIMOIU
aprdwosur ureyuod 0) punoy 1o pariodar sajdures (7) (D) 0€l eI-11 L6l (%0S)SE 0L 6610661
wnipsy 9 Kep/Syj/jowut [°( > uonIOXd duIUNLIL) (1) Aueurrog ‘pununioq G Tor 01-9 Y91 (%IS)SE 69 68615861 [zl uedaq
SI=v'I1 9l¢ %00 9I€
€116 081 (%000 08I
679 91 (%00 291
SI=v'I1 SET (%001) S€T S€T
€11-6 82T (%001) 87T 8TT
wnipaN 9 (18] Aep/3y/[owu 1°( > UONAIOXS AUIUNEAID) Apeig (60 1°01 69 €0€  (%001) €0€ €0€  PIQHOSIP 10N [18] 1zzouedwre)
U}
Jono
LSuney 21008 sopdures
_— auLm (%) u
21038 SON so[dures auLIn J0J BLIDILIO UOISN[OXH Anuno) sIeaA (S) ueaw 93y (s1eak) aFuer 9y PIBA QRN U (S)IaX ApmS Apmg

saIpms £ =u ‘(YOI) ULIpow st pojudsaid sem SWN[OA SULIN Y- IdYm SIsATeue Arewrrid 9y} 10J paIapIsuod sa1pnis Jo sONSLIAORIRYD)  3d|qel

pringer

Qs



European Journal of Nutrition (2020) 59:3113-3131

3123

two studies [56, 61] utilised the WHO criteria of <5 mL/h
and <9 mL/h for <6 and > 6 year olds, respectively, and
two studies [36, 67] in older children (13-19 years) used
the cutoff of < 500 mL/24 h, based on previously published
criteria [86]. The cut-offs used by the remaining three stud-
ies [43, 48, 55] were based on the distribution of volume in
the sample, enabling the exclusion of extreme outliers (e.g.,
4SDs below the geometric mean [48]). Of the 26 studies
which reported the urine exclusion criteria, 6 did not report
the number of urine samples excluded from the final analysis
[25, 54, 73-75, 82].

As a result of the inconsistency in the criteria used to
assess the completeness of the urine samples between stud-
ies, 23 studies (54%) scored low on the NOS quality scale
[44-46, 49-51, 53-55, 57-59, 62, 63, 65, 69, 71-76, 82]
(Tables 3 and 4). Eighteen studies (42%) were classified as
“medium” [25, 26, 28-30, 43, 47, 48, 52, 56, 60, 61, 64,
6668, 70, 81], and only three studies provided sufficient
detail regarding the 24-h urine collection procedure to be
classified as “high” quality [35-37] (Tables 3 and 4).

Initial analysis

The overall mean urine volume estimate (95% CI) for all 44
studies (n="7712, 9538 urine samples) was 722 (686, 758)
mL/24-h. Eleven studies reported the results broken down by
gender [26, 28-30, 37, 53, 65, 66, 68, 70, 81]. There was no
difference in mean urine volume between genders (858.09
(286) mL/24-h (n=2635, 2635 urine samples) and 818
(240) mL/24-h (n=2504, 2504 urine samples), for males
and females, respectively, P=0.7). When broken down by
age group, there were more than three times the number of
urine collections for 6-12 year olds compared with 2-5 year
olds and approximately half the number of samples for the
13-19 year olds. Sixteen studies reported results for 2-5 year
olds (n=1304, 1557 urine samples), 20 for 612 year olds
(n=3772, 5210 urine samples) and 12 for 13—19 year olds
(n=2230, 2359 urine samples). For each of the three age
groups, the overall estimate (95% CI) was 461 (413, 509)
mL/24-h among 2-5 year/olds (Supplemental Fig. 1), 758
(725, 791)mL/24-h for 6-12 year olds (Supplemental Fig. 2)
and 1048 (973, 1123) mL/24-h for 13-19 year olds (Sup-
plemental Fig. 3). There was a significant difference in the
mean urine volume across the three age groups (P <0.001).

Study ID ES (95%Cl) % Weight
Abuhaloob_2015 L 4 303.00 (283.00, 323.00) 6.06
Libuda_2012 —0—— : 394.10 (281.89, 506.31) 5.38
Ketley_2004 —0— — 440.00 (291.04, 588.96) 4.94
Juarez-Lopez_2016 — 455.00 (380.06, 529.94) 5.75
Zohouri_2000 —0— 465.00 (426.83, 503.17) 5.99
Ketley_2004 —0— - 474.00 (400.71, 547.29) 5.76
Ketley_2004 g 493.00 (317.91, 668.09) 4.61
Libuda_2012 —0— — 495 .50 (356.22, 634.78) 5.06
Ketley_2001 —0- - 506.00 (456.89, 555.11) 5.93
Ketley_2004 —-—OI—- 514.00 (394.78, 633.22) 5.30
Zohouri_2006 —-—1 I 523.00 (328.17, 717.83) 4.36
Héliriegl_2011 : - 597.80 (558.09, 637.51) 5.98
Montenegro-Bethancourt_2013 - 605.00 (564.37, 645.63) 5.98
Montenegro-Bethancourt_2013 - 610.00 (572.00, 648.00) 5.99
Ketley_2004 - —0— 632.00 (513.27, 750.73) 5.31
Kristbjornsdottir_2012 —0— 648.00 (574.91, 721.09) 5.76
Marrero_2014 : —0— 650.00 (585.85, 714.15) 5.83
Ketley 2004 —4— 717.00 (676.80, 757.20) 5.98
Overall (I-squared = 97.2%, p = 0.000) <> 530.76 (454.21, 607.32) 100.00
NOTE: Weights are from random effects analysis :

Urine volume (mL/24-hour)

Fig. 3 Forest plot of studies assessing 24-h urine volumes of 2—5 year olds with> 1 urine assessment criterion (n=1084)

@ Springer



3124 European Journal of Nutrition (2020) 59:3113-3131
Study ID ES (95%Cl) % Weight

Maguire_2013 — 547.20 (374.75,719.65) 253
Maguire_2013 — | 590.40 (471.26, 709.54) 3.58
Clark_1996 ——: 653.00 (593.56, 712.44) 5.02
Degen_2011 ——|: 660.00 (596.64, 723.36) 4.93
Maguire_2013 —_— 672.00 (467.17,876.83) 2.06
Grimes_2016 - 722.00 (676.64, 767.36) 5.31
Montenegro-Bethancourt_2015b -‘- 730.00 (704.27,755.73) 5.62
Montenegro-Bethancourt_2015b + 735.00 (707.74,762.26) 5.60
Matkovic_1995 - 735.88 (702.19, 769.57) 5.51
Padrao_2016 —= 739.00 (670.73, 807.27) 4.81
Campanozzi_2015 —= 750.00 (696.10, 803.90) 5.14
Padrao_2016 —4—= 763.00 (696.21, 829.79) 4.85
Campanozzi_2015 e 800.00 (754.96, 845.04) 5.32
Marrero_2014 —Ho— 802.00 (722.67, 881.33) 4.55
Campanozzi_2015 " [—e—  850.00(769.65,930.35) 452
He_2015 - |—e— 86200(78752,936.48) 4.66
Grimes_2016 |- 866.00(827.53,904.47) 544
He_2015 S| —e— 867.00(794.48,939.52) 4.71
HélIriegl_2011 e 868.40 (854.03, 882.77) 5.73
Aparicio_2015 :| -~ 870.00(828.10,911.90) 5.37
Campanozzi_2015 | :—e— 90000 (828.61,971.39) 474
Overall (l-squared = 92.6%, p = 0.000) <> 771.05 (73447, 807.62) 100.00
NOTE: Weights are from random effects analysis |:

Urine volume (mL/24-hour)

Fig.4 Forest plot of studies assessing 24-h urine volumes of 612 year olds with > 1 urine assessment criterion (n=3628)

Primary analysis limited to studies with > 1 urine
completeness assessment criterion

Twenty-six studies reported > 1 criterion for assessing the
completeness of the urine samples (n=6322, 8331 urine
samples) [25, 26, 28-30, 35-37, 43, 46, 48, 55-57, 60, 61,
64, 66, 67, 70, 73-75, 81]. The overall urine volume esti-
mate (95% CI) for these studies was 773 (654, 893) mL/24-
h [median (IQR) 737 (284) mL/24-h]. When studies were
assessed by climate (“warm” climate (2 studies) [54, 55]
versus “cold” climate (25 studies) [25, 26, 28-30, 35-37,
43, 46, 48, 52, 56, 57, 60, 61, 64, 66, 67, 70, 73-75, 81,
82]) there was no difference in mean (95% CI) 24-h urine
volume: “warm” hot 788 (244, 1332) mL/24-h vs “cold” 779
(713, 845) mL/24-h, P=0.96.

When broken down by age group, 11 studies reported
results for 2-5 year olds (n =987, 1240 urine samples)
[26, 28, 36, 43, 54-57, 60, 74, 75], 12 for 6-12 year olds
(n=3596, 5038 urine samples) [25, 30, 35, 36, 46, 48, 52,
54,61, 64, 66, 81] and seven for 13—19 year olds (n= 1438,
1746 urine samples) [25, 26, 29, 36, 54, 67, 81]. The overall
estimate (95% CI) for each of the three age groups were 531
(454, 607) (Fig. 3), 771 (734, 808) (Fig. 4), and 1067 (855,

@ Springer

1279) (Fig. 5) mL/24-h, respectively. There was a significant
difference in the mean urine volume across the three age
groups (P <0.001). Posthoc analyses revealed that children
in the oldest age group had a 28% higher 24-h urine volume
compared to those aged 6-12 years (1067 vs. 771 mL/24-
h, P <0.001) and approximately 50% higher urine volume
compared to those aged 2-5 years (1067 vs. 531 mL/24-h,
P <0.001). Similarly, those aged 6-12 had a 31% higher
volume compared to 2-5 year olds (771 vs. 531 mL/24 h,
P <0.001). There was significant between study heterogene-
ity across all three age groups (2-5 years/olds: >=97.2%,
P <0.001, Fig. 3; 6-12 years/olds: I’=92.6%, P <0.001,
Fig. 4; 13—19 years/olds: ?=99.7%, P<0.001, Fig. 5).

When comparing the mean urine volume between those
studies which reported at least one criterion for assessing
the completeness of urine samples and those which reported
none, the only difference in mean urine volume was amongst
the 2-5 year old age group. In this age group, the mean urine
volume in the initial analysis (i.e., all studies were included)
was 27% lower compared to the primary analysis (i.e., when
the analysis was limited to only those studies with>1 cri-
terion for assessing the completeness of urine samples (386
vs. 529 mL/24-h, P=0.001).
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Study ID ES (95%Cl) % Weight

Rafie_2017 . 610.00 (585.75, 634.25) 7.45
Degen_2011 + 841.00 (770.76, 911.24) 7.40
Rafie_2017 . 870.00 (837.21,902.79)  7.44
Montenegro-Bethancourt_2015a —0-— 990.00 (769.93, 1210.07) 6.90
Libuda_2012 —0-— 1009.50 (858.26, 1160.74) 7.18
Campanozzi_2015 - 1050.00 (983.85, 1116.15) 7.40
Marrero_2014 - 1091.00 (998.16, 1183.84) 7.35
Campanozzi_2015 b\l 1100.00 (1022.01,1177.99)  7.38
Montenegro-Bethancourt_2015a -—0—-— 1110.00 (834.46, 1385.54) 6.62
Libuda_2012 —-0— 1118.70 (970.44, 1266.96) 719
Libuda_2012 —0-' 1187.20 (1092.08, 1282.32)  7.35
Héllriegl_2011 ——0— 1231.90 (809.24, 1654.56) 5.75
Rafie_2017 0 1320.00 (1319.46, 1320.54)  7.46
Libuda_2012 —0— 1461.60 (1297.74, 1625.46) 7.14
Overall (l-squared = 99.7%, p = 0.000) <> 1066.98 (855.44, 1278.51)  100.00
NOTE: Weights are from random effects analysis

Urine volume (mL/24-hour)

Fig.5 Forest plot of studies assessing 24-h urine volumes of 13—19 year olds with> 1 urine assessment criterion (n=1438)

Of the 26 studies with at least one criterion for assessing
the completeness of the urine samples, only twelve [25, 28,
29, 35-37, 43,48, 52, 55, 61, 64] had at least two urine cri-
teria (n=2867, 3191 urine samples). In these twelve studies,
the mean (95% CI urine volume estimate was 742 (639, 844)
mL/24-h. There was no difference in the mean (95% CI)
urine volume estimate of these studies, compared to those
with only one assessment criterion [n=15, 798 (664, 932)
mL/24-h, P=0.33] or those with none [n=18, 635 (577,
692) mL/24-hs P=0.28].

For those studies with at least one criterion for assessing
the completeness of urine collections there was less variation
in daily urinary volume for those 6-12 years compared to
2-5 and 13-19 year olds. The co-efficient of variation (CV)
for 6-12 year olds was 13% compared to 20% in 2-5 and
13—19 year olds. There was no difference in CVs between
those studies with no reported criterion for completeness
and those reporting at least one criterion (overall CV: 32%
vs. 27%). In contrast, the CV for those aged between 13 and
19 years was reduced to 12% in those studies utilising least
two criteria for assessing completeness of urine collection,
compared with 20% for those studies utilising only one cri-
terion for assessment for completeness.

Discussion

This is the first study to systematically review the 24-h urine
volume of children and adolescents. The overall 24-h over-
all urine volume estimate (95% CI) of 2—19 year olds was
778 (661, 895) mL/24-h urine. As expected, older children
had higher urine volumes with children in the oldest age
group (13-19 years) having a 28% higher 24-h urine volume
compared to those aged 6—12 years (1067 vs. 771 mL/24-
h, P <0.001) and approximately 50% higher urine volume
compared to those aged 2-5 years (1067 vs. 531 mL/24-h,
P<0.001).

As approximately 90% of ingested iodine is excreted in
the urine within 24-48 h [87], current recommendations for
assessing the severity of iodine deficiency within a popula-
tion are based on the measurement of urinary iodine con-
centration (UIC), expressed as ug iodine per liter of urine,
in random ‘spot’ urine samples collected from school-aged
children (i.e., 6-12 years [6]). Although these recommen-
dations were originally based on the observation that goiter
prevalence was < 10% in populations of children and adults
where the average daily iodine intakes were > 100 pg, later
iterations extrapolated this value to represent a concentra-
tion, expressed as pg/L [4]. However, results from this analy-
sis indicate that the average 24-h urine volume of school-
aged children, the group commonly recommended for use
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in population iodine monitoring, is not 1 L and is closer
to 0.8 L. Therefore, a median spot urine concentration of
100 pg/L (extrapolated to a median iodine intake of 100 pg/
day) would overestimate iodine intake by approximately
30 pg/day.

Iodine excretion from spot urine samples is most often
expressed as a concentration or as a ratio to creatinine excre-
tion (I/Cr, ug iodine/g creatinine) [29, 88, 89]. The use of I/
Cr to estimate daily iodine intake is believed to provide an
accurate estimate of daily iodine excretion from spot urine
samples as creatinine, an endogenous indicator of lean body
mass is relatively constant from day to day in healthy adult
populations [32, 90]. Whilst this is true in adults, estimat-
ing expected creatinine excretion values for children can be
difficult as creatinine excretion can be affected by muscle
mass, age, gender, ethnicity and onset of puberty [91]. Some
equations for estimating daily creatinine excretion are able to
account for these factors, whilst others provide a more crude
estimate of daily creatinine excretion [92].

In addition, whilst the variation in individual iodine
excretion between days is largely dependant on the iodine
content of the diet, iodine excretion has also been found
to vary over the course of the day in individuals [29, 88,
89, 92-97]. One study conducted in 42 adults and children
(aged 4-60 years) found that urinary iodine excretion varied
significantly by the timing of collection (P <0.001), with
lowest levels occurring in the morning and peaks observed
following meals [98]. A recent systematic review of stud-
ies comparing spot and 24-h urine samples for estimating
the iodine intakes of a population concluded that there is
currently not enough evidence to determine whether iodine
intake determined from spot urine samples provides an accu-
rate reflection of daily iodine intake, as measured using 24-h
urine samples [99].

Furthermore, whilst the WHO recommendation for
assessing the iodine status of populations are primarily
meant for use in school-aged children, and were derived
primarily on data based on goiter prevalence estimates in
school-aged children, they have also been used to define the
iodine status of adult populations [100-103]. Issues con-
cerning different urinary volume outputs among different
subsets of the population and implications for iodine nutri-
tion assessment have been previously identified by Zimmer-
man and Andersson [104]. They highlighted that as the urine
volume of adults is closer to 1.5 L [27, 105], the use of
the median UIC determined using spot urine samples could
result in the underestimation of the iodine intakes of adult
individuals within the population [104]. This was demon-
strated in a recent study in 301 adults (18-64 years) from
New Zealand, which compared median UIC from 24-h urine
samples to the WHO criteria, both with and without adjust-
ment for total urine volume [101]. This sample of adults
was classified as iodine deficient using the WHO criteria,
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based on a median UIC of 73 pg/L. However, the measured
24-h UIE, which accounts for urine volume and averaged
2 L was closer to 127 pg/day [101]. This value is in excess
of the 100 pg/day originally associated with reduced goiter
prevalence [8] and would indicate that the iodine intakes of
this group of adults may be sufficient [8]. The New Zealand
study demonstrates the potential impact of not accounting
for the daily urine volume may have on the assessment of
iodine deficiency in populations when UIC determined from
spot urine samples is used as a surrogate index of iodine
intake.

Strengths and limitations

We observed considerable between-study heterogeneity
across all three age groups in the primary analysis limited
to studies with> 1 indicator of urine completeness. For
all three age groups the age range of participants included
within each group varied considerably. For example, within
the 2—5 year age group one study consisted of participants
aged 1.5-3.5 years [56] whilst another consisted of par-
ticipants aged 3—6 years [72]. Differences in both the age
range of participants as well as the number of participants
between studies, along with season of assessment and over-
all diet composition may have contributed to the observed
heterogeneity.

In addition, there were considerable variations in the
mean/median reported urine volumes, even within the three
age groups, particularly for 2-5 year olds. This may rep-
resent the practical difficulties in obtaining accurate 24 h
urine collections in young children, however, it is important
to note that the included studies did not consistently report
their 24-h urine collection protocol, nor the indicators used
to assess the completeness of included urine samples. Of
the 44 studies reviewed, 17 studies (40%) did not report at
least one indicator for completeness of the 24-h urine sam-
ples. The only difference in the mean urine volume estimate
between the total sample and those studies with > 1 indica-
tor for completeness of urine samples, was seen among the
youngest age group (2-5 years) where average urine vol-
ume was 143 ml/24-h less in the studies which reported no
criterion for assessing the completeness of included urine
samples. A recent systematic review of methods for assess-
ing the completeness of 24-h urine collections in adults and
children (15-89 years) concluded that that the use of two or
more indicators for assessing urine completeness increases
the likelihood of detecting incomplete samples, thus increas-
ing the validity of the results [33]. Our findings are contrary
to this in that we found no difference in urine volume among
those studies that had at least two urine assessment crite-
ria, compared to those with only one. In the present review,
only 12 studies utilised more than one criterion [25, 28, 29,
35-37, 43, 48, 52, 55, 61, 64], and there was no difference
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in mean 24-h urine volume estimated from these studies
compared to the overall estimate from all 44 studies. How-
ever, there was less variation in daily urinary volume in the
6-12 year group (CV 13%). Overall there seemed to be little
impact on urine volume variation of including a number of
criteria for completeness of 24 h urine collection, except
for the 13-19 year age group where studies that included
at least two criteria for completeness appeared to have less
variation (CV 16%) compared with studies with only one
criterion (CV 20%).

In this analysis, only two studies collected 24-h urine
samples from countries classified as having a “warm” cli-
mate”, compared to 25 studies from a “cold” climate. There
is also considerable within and between person daily vari-
ability in iodine excretion [92, 95, 96, 98, 106, 107]. One
study conducted in 42 adults and children (aged 4-60 years)
observed that the lowest level of iodine excretion occurred in
the morning with peaks observed following meals [98]. Fur-
thermore, a study in adults noted that UIC determined from
a fasting spot urine samples was 10% lower than that deter-
mined in a non-fasting spot urine sample [96]. Although this
variation has yet to be assessed in children, this study indi-
cates that the timing of a spot urine sample used to estimate
the iodine intake of a population may also have a significant
impact on the overall assessment of iodine nutrition. There-
fore, it is clear that a number of factors need to be considered
when making population estimates of iodine intake using
spot urine collections across the age range from early child-
hood to adolescence.

Conclusion

This is the first systematic review to report the average 24-h
urine volume of children and adolescents from 44 studies
representing 7712 individuals with 3772 individuals within
the 612 year old age group, which included at least one
criterion for completeness of urine collection. The average
urine volume in this group was 771 mL, which is less than
1 L. This has implications when extrapolating median iodine
values (ug/L) from spot urine samples to daily iodine intakes
of 6-12 year old children as the average 24-h urine vol-
ume is less than 1 L, potentially resulting in an overestimate
of dietary iodine intake in the order of 30%. Future stud-
ies employing spot urine samples to determine the iodine
status of children and adolescents should consider under-
taking 24-h urine collections in a subset of participants, to
determine total urine volume and iodine excretion. This will
allow the assessment of the accuracy of utilizing UIC as a
proxy measure of daily iodine intake and potentially prevent
the misclassification of iodine intakes in the population.
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