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Abstract

Iodine nutrition is commonly assessed from iodine excretion in urine. A 24 h urine sample is ideal, but it is cumbersome and inconvenient.

Hence, spot urine samples with creatinine to adjust for differences in void volume are widely used. Still, the importance of ethnicity and the

timing of spot urine samples need to be settled. We, thus, collected 104 early morning spot urine samples and 24 h urine samples from Inuit

and non-Inuit living in Greenland. Diet was assessed by a FFQ. Demographic data were collected from the national registry and by ques-

tionnaires. Iodine was measured using the Sandell–Kolthoff reaction, creatinine using the Jaffe method and para-amino benzoic acid by

the HPLC method for the estimation of completeness of urine sampling and compensation of incomplete urine samples to 24 h excretion.

A population-based recruitment was done from the capital city, a major town and a settlement (n 36/48/20). Participants were seventy-

eight Inuit and twenty-six non-Inuit. The median 24 h iodine excretion was 138 (25th–75th percentile 89–225)mg/97 (25th–75th percentile

72–124)mg in Inuit/non-Inuit (P¼0·030), and 153 (25th–75th percentile 97–251)mg/102 (25th–75th percentile 73–138)mg (P¼0·026)

when including compensated iodine excretion. Iodine excretion in 24 h urine samples increased with a rising intake of traditional Inuit

foods (P¼0·005). Iodine excretion was lower in morning spot urine samples than in 24 h urine samples (P,0·001). This difference was

associated with iodine intake levels (P,0·001), and was statistically significant when the iodine excretion level was above 150mg/24 h.

In conclusion, the iodine intake level was underestimated from morning spot urine samples if iodine excretion was above the

recommended level.

Key words: Iodine excretion: 24 h urine: Spot urine: Creatinine adjustment: Urine collection timing: Ethnicity: Greenland Inuit

Iodine excretion is commonly assessed by the analysis of

urine. A 24 h urine sample is ideal, but it is difficult to

obtain complete and accurately timed collections, and compli-

ance with 24 h urine sampling is often low(1,2). Hence, spot

urine samples are frequently used because they are simple

to collect and pose minimal inconvenience to the subjects.

However, concentrations in spot urine samples fluctuate

with fluid intake, and creatinine adjustment is often used as

an internal standard(3–8) to compute an estimated 24 h

iodine excretion.

Marked variations in estimated 24 h iodine excretion have

been described between days(3,9). This was suggested to relate

to variations in iodine content of the diet. Furthermore, the

iodine content of spot urine samples may vary with the time of

collection(10), and this was speculated to relate to timing of

meals. This is in keeping with early studies of iodine metabolism

in humans that showed a fast appearance of the ingested iodine

in blood and a subsequent appearance in urine(11).

The traditional Inuit diet comprises fish and marine

mammals that are rich in iodine(12). The iodine nutrition

survey of Greenland has shown that a high frequency of

intake of the traditional Inuit diet is associated with a high

iodine content of spot urine samples(13). The iodine content of

spot urine samples are used to calculate an estimated 24 h

urinary iodine excretion (eUIE) by using ethno-specific creati-

nine excretions(14). However, this needs to be validated.

The aim of the present study was to compare the 24h urinary

iodine excretion (UIE) with iodine excretion in morning spot
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Abbreviations: eUIE, estimated 24 h urinary iodine excretion; PABA, para-aminobenzoic acid; UIC, urinary iodine concentration; UICC, ratio of urinary

iodine concentration to creatinine concentration; UIE, urinary iodine excretion.
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urine samples, and to asses the influence of ethnicity. We, thus,

collected spot urine samples and 24h urine samples among

Inuit and non-Inuit living in Greenland. We included para-ami-

nobenzoic acid (PABA) as a marker of the completeness of 24 h

urine collections(15) and to allow us to compensate for incom-

plete 24h urine collections(16) using the HPLC-method(17).

Methods

Populations

Participants were recruited from the general population in the

capital city, Nuuk (n 36), in a major town in Greenland,

Ilulissat (n 48), and in the settlement Saqqaq (n 20). The

study population has been described in detail in the report

on creatinine excretion in Inuit(14). They were seventy-eight

Inuit and twenty-six non-Inuit. The population in town and

settlement was limited.

In Nuuk, we recruited a randomly selected subgroup of

healthy participants of the population-based Greenland iodine

nutrition survey(13). In Ilulissat, participants in the survey of

skeletal health(18) and seasonal variation(19) collected a 24 h

urine sample in addition to a spot urine sample. These subjects

were included stratified by age, sex, ethnicity and residence.

None took diuretics, thyroxine, none were treated for hyper-

tension, and none had renal disease. None of the participants

were pregnant.

Inuit ethnicity was defined by having both parents born in

Greenland and mixed ethnicity if one parent was born outside

Greenland. Participants were divided into Inuit (both parents

born in Greenland) and non-Inuit (at least one parent born

outside Greenland) for some calculations. Participants with

both parents born in Denmark were classified as Caucasians.

The present study was conducted according to the guidelines

laid down in the Declaration of Helsinki, and all procedures

were approved by the Ethics Committee for Medical Research

in Greenland. Participants gave written informed consent

before participation.

Procedures

In Nuuk, participants were visited at home. They were given

careful written and verbal instructions for 24 h urine collection

by one of the investigational doctors (S. A.). They were asked

to empty the bladder completely and then the 24 h urine collec-

tion was started. The void sample just before the initiation of the

24 h sample was collected to represent the spot urine sample.

In Ilulissat, participants came to the hospital, and in Saqqaq,

they came to the nursing station for instruction and initiation

of urine collection. The void sample before the initiation of

the 24 h sample was collected to represent the spot urine

sample. They were given careful written and verbal instruc-

tions (S. A., P. L.). They took the first 80 mg of PABA, and

were supplied with two additional doses of 80 mg to be

taken with main meals.

All participants were given a bag large enough to contain

two 2-litre collecting plastic containers with a handle, a jug

that fitted under the toilet seat and a funnel.

Participants were visited in their homes for the final urine

collection 24 h after the initiation of the urine collection.

They were asked if the collection was complete, and if they

had encountered any problems with the urine collection.

Participants were given no restrictions of diet or daily living.

Volumes were estimated by weight assuming a gravity of

1 g/ml, and 5 ml samples were stored at 2208C until analysis.

A physical examination was performed by the investi-

gational doctors (S. A., P. L.). It included height without

shoes and weight in indoor clothing.

Information regarding age and sex was obtained from the

National Civil Registration System, while information regard-

ing lifestyle and dietary habits was obtained by questionnaires.

Participants were interviewed by a Greenlandic interpreter or

by one of the investigational doctors completing a question-

naire in either Danish or Greenlandic by participant choice.

Questions were asked as written in the questionnaires.

The intake of Inuit diet was recorded by an interview-based

FFQ as described in detail previously(13,19). It included seven

traditional Inuit food items (seal,whale,wild fowl, fish, reindeer,

musk ox and hare) and seven imported food items (pre-cooked

meals, potatoes, vegetables, butter, cheese, egg and fresh fruit).

These had been selected because they were typical to the diet in

Greenland and they have been used previously. Frequencies

were given in six categories from never to daily. Inuit food

items scored positively and imported food items scored

negatively. The sum of food frequency score for all food items

consumed by each participant was calculated based on this

recording, and participants were categorised into groups of

intake of ,40, 40–60 and .60 % traditional Inuit food item

scores on a scale where 100 % was purely Inuit foods and 0 %

was purely imported food. In addition, participants were

asked how many days of the week the main meal was of

Greenlandic food items and the number of days it was imported

foods. This associated with the food frequency score(13,19). Also,

food frequency scores were validated by iodine as a biomarker

of the intake of traditional Inuit foods(13). Iodine was used as a

biomarker of the intake of traditional Inuit foods as these are

of marine origin and have been confirmed to be particularly

rich in iodine(12).

Para-aminobenzoic acid

PABA (supplied by Unikem A/S) was used as a marker of

completeness of urine collection. Its use is based on recovery

in the urine of three 80 mg doses taken with meals(15,20). It was

used among sixty-five participants in Ilulissat and Saqqaq. The

first dose of PABA was taken in the clinic at the start of urine

collection, and the subsequent two doses were taken with

main meals. Urine samples containing less than 78 % of

PABA (187 mg/24 h) were designated incomplete as this was

the level in single observations when 240 mg (three times

80 mg) of PABA were taken and the HPLC method was used

for analysis(17).

One participant excreted only 32 % of the expected ingested

dose and stated to have missed one of the three PABA doses.

Two individuals had very low PABA recovery (3·9, 5·4 %)

despite collection of expected urine volumes (2692, 1766 ml).
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This suggested missing intake of PABA and they were

excluded from the PABA compensations as recommended(16).

If PABA was below 187 mg/24 h (78 %), urine samples were

considered incomplete. In such incomplete urine collections,

iodine was compensated up to 93 % as recommended if the

PABA excretion was above 120 mg/24 h(16,17).

Assays

Urine samples were analysed for PABA by the HPLC method

as described in detail previously(17). Urinary creatinine was

measured by a kinetic Jaffé method(21). Iodine was measured

by the Sandell–Kolthoff reaction as described in detail

previously(13,22).

Iodine concentration in the 24 h urine samples (mg/l) was

multiplied by urine volume collected to yield the UIE

(mg/24 h). Iodine excretion in spot urine was expressed as

concentration in spot urine samples (urinary iodine concen-

tration; UIC, mg/l), as a ratio of mg iodine per g creatinine

(I/creatinine) (UICC), and as an estimated 24 h UIE (eUIE) by

stratifying I/creatinine ratio for age, sex and origin-specific

creatinine excretions(14).

Urine sample volumes were standardised to a 24 h collec-

tion time by dividing the volume by the actual collection

time and multiplying by 24. The actual urine collection times

varied between 23·2 and 24 h except a single sample of 17 h.

Statistical analysis

Results are given as medians with 25th and 75th percentiles. UIE

in groups were compared using non-parametric statistics:

Wilcoxon signed-rank test for paired comparisons of UIE in

the same individual, Mann–Whitney U test for unpaired

comparison of two groups, Kruskal–Wallis test for comparing

several groups and Kendall’s t for the relation between

groups. Proportions were compared using x 2 test. The differ-

ence between iodine in 24 h urine samples (UIE, mg/24 h) and

in spot urine samples (UIC, mg/l) was computed (UIE 2 UIC),

and the deviations from zero among the differences between

24 h urine sample iodine (UIE) and the spot urine iodine

measurements (UIC) was tested using the one-sample

Kolmogorov–Smirnov test. The different measures of iodine

in urine were compared as they are all used to portray

the iodine nutrition by the same unit (mg). Further, a linear

regression provided an excellent fit of ln-transformed spot

urine given ln-transformed 24 h urine. Based on this linear

regression, optimal predictions and 95 % prediction intervals

were obtained for ln spot urine. Finally, these predictions and

prediction intervalswereback transformed toobtainpredictions

and prediction intervals for the difference between spot urine

and 24 h urine illustrated in Fig. 1. The correlations between

differences in iodine excretion estimates and iodine level in

24 h urine samples were tested using Spearman’s r. The

distribution was positively skewed, and for multiple linear

regression analysis UIE data were ln-transformed (one-sample

Kolmogorov–Smirnov test for normal distribution before/after

ln-transformation: P¼0·002/0·93). Linear regression models

were then used with ln-transformed UIE entered as dependent

variable. Independent variables entered for adjusted compari-

sons were age, sex, origin, diet and weight. Random selection

of participants in Nuuk was performed using MedStat (Astra).

Data were processed and analysed using Corel Quattro Pro 8

(Corel Corporation) and the Statistical Package for the Social

Sciences version 13.0 (SPSS, Inc.). A P value less than 0·05 was

considered significant.

Results

Table 1 lists participant characteristics. Participant inclusion in

Ilulissat and Saqqaq was based on stratification according to

age, sex and ethnicity. Non-Inuit were included in the town

only. Non-Inuit were taller (P,0·001) and heavier (P¼0·001)

than Inuit, but Inuit and non-Inuit had similar BMI. More Inuit

than non-Inuit were smokers (P¼0·004), and Inuit had a more

frequent intakeof traditional Inuit food items (P,0·001; Table 1).

Para-aminobenzoic acid check

Incomplete 24 h urine collection was suggested in twenty-six

out of sixty-five (40 %) of the 24 h urine samples in Ilulissat

that used the PABA check, as the excretion was below

187 mg/24 h. Of the 24 h urine samples collected, twelve

(18 %) had a PABA excretion below 50 % of the expected;

fourteen urine samples (22 %) could be compensated.
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Fig. 1. Difference between iodine excretion in morning spot urine samples

and 24 h urine samples plotted against 24 h urinary iodine excretion. The

difference increased with rising 24 h iodine excretions. Negative values

appeared when the 24 h urinary iodine excretion was below 250mg, became

frequent below 200mg/24 h, and the association lost statistical significance in

correlation analysis when the 24 h iodine excretion level was below 150mg.

Iodine concentration in the 24 h urine samples (UIC, mg/l) was multiplied by

urine volume collected to yield the urinary iodine excretion (UIE, mg/24 h).

Iodine excretion in spot urine was expressed as concentration in spot urine

samples (UIC, mg/l). The solid line shows the optimal prediction of the differ-

ence between the iodine excretion in morning spot urine samples and 24 h

urine samples given the iodine in the 24 h urine samples. The dashed blue

lines show 95 % prediction intervals. The predictions and prediction intervals

are based on a linear regression of ln-transformed iodine data. This explains

the non-linear shape of the curves. A colour version of this figure can be

found online at http://www.journals.cambridge.org/bjn
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The iodine excretions with the different PABA check levels are

listed in Table 2. Differences between PABA groups were not

statistically significant.

Iodine excretion

Table 2 shows the iodine excretion in 24 h urine samples (UIE)

and in spot urine samples (UIC). UIE was slightly higher in

Inuit than in Caucasians. Iodine excretion was higher when

it was compensated for incomplete urine collection according

to the PABA check (excretions ,187 but .120 mg/24 h).

Thus, median UIE level rose from 173 (25th–75th percentile

64–286) to 234 (25th–75th percentile 91–413)mg in Inuit

that were compensated (n 11) and from 95, 80–245mg to

139, 127–381mg in the three non-Inuit that were compensated

(Inuit/non-Inuit; P¼0·003/NS). The UIE level was 153, 97–251

mg/24 h (n 69) in Inuit and 102, 73–138mg/24 h (n 25) in

non-Inuit when including both the complete and the compen-

sated 24 h urine samples (data not shown).

Iodine excretion in 24 h urine samples increased with a

rising number of days with intake of traditional Inuit foods

(Table 2) in the direct comparison (101/139/193mg/24 h;

P¼0·002) as well as in the adjusted comparison (P¼0·005).

Ethnicity did not influence UIE after adjustment for diet.

Spot urine samples (UICC) were influenced by ethnicity

(P¼0·002) and diet (P¼0·007) after correction for creatinine

while not when comparing the crude iodine content (UIC)

of spot urine samples in the multivariate analysis.

The 24 h UIE differed from crude iodine content in spot

urine samples (UIE v. UIC; 119mg/24 h v. 74mg/l; P,0·001),

iodine in spot urine samples after creatinine correction (UIE

v. UICC; 119mg/24 h v. 78mg/g; P,0·001) and estimated

24 h UIE (UIE v. eUIE; 119mg/24 h v. 100mg/24 h; P,0·001;

Table 2). This difference is detailed in Table 3, and it increased

with rising iodine excretion levels.

Fig. 1 shows that the magnitude of the difference between

iodine excretion in 24 h urine samples and spot urine samples

(UIE 2 UIC) paralleled the iodine excretion levels as evalu-

ated from 24 h urine samples (UIE) (Spearman’s r ¼ 0·7;

P,0·001). The difference decreased with lower UIE levels.

Negative differences were seen in 7 % of samples above

200mg/24 h, 20 % of samples between 150 and 200mg/24 h,

Table 1. Characteristics of participants in the study of iodine excretion in spot- and 24 h urine samples
among Inuit and non-Inuit in Greenland*

(Number of participants, or median values and 25th–75th percentiles)

Inuit† (n) Non-Inuit‡ (n) Mix§ (n) All (n) Pk

Number of participants 78 20 6 104

Men 43 13 1 57

Women 35 7 5 47

Height (cm) ,0·001

Median 163 177 170 167

25th–75th percentiles 158–179 172–182 163–173 160–174

Weight (kg) ,0·001

Median 71·4 84·2 70·1 72·7

25th–75th percentiles 63·1–76·9 71·9–93·6 61·7–80·2 65·6–82·5

BMI (kg/m2) NS

Median 26·0 26·2 25·4 26·0

25th–75th percentiles 23·1–29·8 23·8–29·6 21·2–28·0 23·3–29·6

Age groups 0·033

30–39 24 10 5 39

40–49 14 6 1 21

50–59 27 3 0 30

60–69 13 1 0 14

Residence ,0·001

City 35 1 2 36

Town 24 19 3 48

Settlement 19 0 1 20

Traditional Inuit diet intake 0·086

,40 % 39 16 5 7

40–60 % 32 4 1 37

.60 % 7 0 0 60

Days/week{ ,0·001

0–2 20 19 4 43

3–4 31 1 1 33

5–7 25 0 1 26

Smoker{** 0·004

Never 18 11 0 29

Past 9 3 0 12

Present 49 5 6 60

* The study population has been described in detail in the report on creatinine excretion(14).
† An individual whose both parents were born in Greenland.
‡ An individual whose both parents were born outside Greenland.
§ An individual who had one parent born in Greenland.
k Inuit v. non-Inuit.
{ Information missing in two Inuit.
** Information missing in one non-Inuit.
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Table 2. Iodine excretion in 24 h urine samples and in spot urine samples

(Median values and 25th–75th percentiles)

n

24 h Urine samples Spot urine samples

UIE* (mg) UIC† (mg/l) UICC‡ (mg/g) eUIE§ (mg/24 h)

Median 25th–75th percentiles Median 25th–75th percentiles Median 25th–75th percentiles Median 25th–75th percentiles

All participants 104 119·1 80–213 74·0 45–114 77·9 56–125 100·2 64–136
PABA excretion (mg/24 h)

.187 39 118·9 91–206 76·0 49–111 62·3 42–106 96·1 60–126
120–186 14 141·8 64–255 74·5 37–132 73·8 43–119 104·9 70–149
,120 12 98·2 65–123 69·5 44–102 74·9 55–109 86·7 73–134
Nuukk 39 141·0 80–251 75·0 40–130 108·7 74–165 100·3 64–180

Inuit 78 138·0 89–225 75·0 44–120 95·1 63–140 101·1 69–139
Mix 6 84·0 51–153 49·0 20–165 55·1 31–113 NA NA{
Caucasians 20 104·9 80–133 72·5 50–92 58·2 40–74 92·3 56–116
Men

Inuit 43 136·8 92–227 78·5 44–117 92·4 58–119 127·0 75–158
Caucasians 13 107·9 76–172 78·0 54–91 51·6 36–72 96·1 66–108

Women
Inuit 35 141·0 65–214 70·0 43–130 108·7 69–143 83·0 58–124
Caucasians 7 102·0 80–119 71·0 38–105 62·0 40–114 62·6 45–157

Traditional Inuit diet
,40 %

Inuit 39 139·2 64–218 69·5 42–110 89·9 65–139 92·7 61–136
Caucasians 16 104·9 82–118 72·5 55–92 58·2 40–98 98·3 56–142

40–60 %
Inuit 32 129·1 93–212 80·5 41–126 91·1 57–121 110·2 68–130
Caucasians 4 150·9 52–241 63·5 41–98 53·1 35–68 74·0 56–106

.60 %
Inuit 7 227·5 97–301 130·0 45–218 251·0 120–256 204·4 100–340
Caucasians 0 NA NA NA NA NA NA NA NA

Days/week**
0–2

Inuit 20 100·9 60–150 55·0 32–125 78·3 57–147 88·7 59–187
Caucasians 19 102·0 80–119 74·0 54–93 57·0 40–74 88·5 55–118

3–4
Inuit 31 139·2 92–224 68·0 40–110 86·5 57–115 83·9 59–128
Caucasians 1 NA NA NA NA NA NA NA NA

5–7
Inuit 25 193·4 100–347 91·0 65–211 110·6 83–171 123·6 89–154
Caucasians 0 NA NA NA NA NA NA NA NA

UIE, urinary iodine excretion; UIC, urinary iodine concentration; UICC, ratio of urinary iodine concentration to creatinine concentration; eUIE, estimated 24 h urinary iodine excretion; PABA, para-aminobenzoic acid; NA, not
applicable.

* 24 h UIE: concentrations multiplied by 24 h urine volume.
† Crude iodine content of spot urine samples.
‡ Iodine per creatinine in spot urine samples.
§ Estimated from age, sex and ethno-specific creatinine excretions(14) in spot urine samples.
kSampling in Nuuk did not include the PABA check.
{Uncertain creatinine excretion for mixed origin.
** Missing information in two Inuit participants.
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29 % of samples between 100 and 150mg/24 h, 37 % of

samples between 50 and 100mg/24 h, and in 75 % of samples

below 50mg/24 h. Spot urine iodine (UIC) was markedly

lower than 24 h iodine excretion (UIE) when the 24 h iodine

excretion (UIE) was above 150mg. The correlation between

24 h iodine excretion (UIE) and the difference between spot

urine and 24 h urine iodine excretion (UIE 2 UIC) was non-

significant when the 24 h UIE was below 150mg.

Misclassification of iodine excretion occurred in 11 % when

the 24 h UIE was below 150mg, and misclassification occurred

in 72 % when UIE was above 150mg (P¼0·03). These numbers

were similar for spot urine iodine content (UIC), iodine:crea-

tinine ratio (UICC) and estimated 24 h iodine excretion (eUIE).

Discussion

Wereported a systematic collection of 24 hurine samples among

Inuit and non-Inuit in Greenland. The use of the PABA check

provided a reliable new insight into the importance of Inuit

ethnicity for iodine excretion. Furthermore, measurement of

iodine in 24 h urine samples and the use of the validated

urinary creatinine excretion(14) data indicated that spot urine

samples should not be collected as morning urine samples

among populations with an iodine intake above the level

recommended by the WHO as misclassification of iodine

excretion was frequent with high iodine intake levels.

It is cumbersome to collect 24 h urine samples and the PABA

check suggested that 40 % of the collections in the present

study were incomplete. This number is similar to previous

findings(16), and it illustrates the consequences of the diffi-

culties in obtaining complete and accurately timed urine

collections. Also, it emphasises the low compliance with

24 h urine sampling. Thus, spot urine samples are a mainstay

in everyday clinic and in population studies unless a check for

completeness of 24 h sampling, such as the PABA check, is

used to validate and possibly compensate the findings.

We included the PABA check and measured PABA using the

HPLC method(17). This method eliminates the risk of interfer-

ence from aromatic amines from drugs such as sulphonamides

and paracetamol that are co-determined when using the

colorimetric method(15,17). This contributed to the validity of

our findings.

Creatinine concentration in casual urine sample is often

used to standardise substance excretion in urine. The WHO

recommendations on the assessment of iodine nutrition are

based on iodine content of spot urine samples as correction

for creatinine excretion is considered unreliable when protein

intake is low(23). Protein depletion accounts for populations in

third world countries, but is rare in populations elsewhere.

Correction for creatinine reduced variation in iodine excretion

by 40 %(3), reduced the number of samples need by 20 %(6),

and increased the reliability of studies of iodine nutrition(6)

as confirmed in other populations(24) and after iodine forti-

fication(25). Thus, stratification according to factors important

to creatinine such as age and sex has improved the validity

of this adjustment(7), and adjusting for creatinine excretion is

commonly adopted(26,27).T
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We recently showed that ethnicity influenced creatinine

excretion by approximately 20 %(14). Similarly, ethnicity has

been reported to influence creatinine excretion among other

groups. Thus, Blacks had a 5 % higher creatinine excretion

per kilo body weight than Whites(28) as was found among

other people of African descent(29), Pacific Islanders(30) and

other populations in South East Asia(31). Thus, the creatinine

adjustments among populations in Greenland should be stra-

tified for ethnic origin in addition to age and sex to enhance

the reliability of the correction.

The traditional Inuit hunter diet is rich in iodine(12). This

caused a high-normal iodine intake among populations in

Greenland mainly living on the traditional diet(13). It was

reported as estimated 24 h UIE because correction for creatinine

excretion reduces variation in iodine(3) and hence increases the

reliability of the estimated excretion(6,24,25). The iodine nutrition

survey in Greenland found a higher iodine intake level than

what was suggested from the spot urine samples in the present

study, but rather in resonance with the 24 h UIE. The cause for

this discrepancy is described by the plot of the difference in

iodine between spot urine and 24 h urine against the 24 h UIE.

The increasing discrepancy with rising iodine intake levels are

probably due to the fact that spot urine samples were collected

in the morning hours in the present study. These urine samples

thus reflect the iodine intake during late evening and night as

iodine is excreted within a few hours after ingestion(9,11). This

extends the findings of a recent investigation that found a limited

influence of time of spot urine samples(32) into higher iodine

intake levels and explains the lower iodine excretion in the

morning urine also demonstrated earlier(10). Hence, morning

urine samples do not include the excretion of iodine from the

main meals, which in Greenland may be very rich in

iodine(12). The higher iodine excretion in the iodine nutrition

survey in Greenland is most probably due to the fact that these

spot urine samples were collected through all day and early eve-

ning and hence included iodine excreted after the main meals.

The findings are likely to be similar when the excessive iodine

intake is from drinking-water even though it may be consumed

more evenly over the day as it is readily absorbed(8,11).

The iodine excretion level about which the iodine intake

estimation method was no longer markedly influenced by

sampling hour was 150mg/d. This supports the reliability of

the use of spot urine samples in studies of iodine deficiency

while studies suggesting excessive iodine intake estimated

from morning spot urine samples should be interpreted more

cautiously as the true iodine intake level may be even higher

than estimated from morning urine samples. Conversely, it

may be suggested that if iodine excess is in focus, spot urine

samples should not be collected during early morning hours.

Recent years have seen a focus on the importance of

monitoring iodine intake levels in populations after iodine

fortification(33), in populations that are iodine replete(34) and

in populations with excessive iodine intake(35). This is empha-

sised by the rising awareness of the possible adverse health

consequences of an iodine intake at(36) or above(37,38) the

recommended level. Our data imply that the use of morning

spot urine samples may reduce the reliability of the estimated

iodine intake levels in such populations as we found

misclassification of iodine nutrition markedly more frequent

at the higher iodine excretion level compared with the

lower iodine excretion level. This finding was validated by

the PABA check, which was measured using the more cumber-

some HPLC method that reduced the risk of interference in

the analysis.

In conclusion, early morning spot urine samples provide a

useful classification of iodine nutrition when iodine deficiency

is in focus. If iodine excretion is above the recommended

level, then the iodine intake level is probably to be under-

estimated if spot urine samples are collected during early

morning hours.
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