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Abstract
Context
No consensus exists about the optimal duration of the low iodine diet (LID) in 
preparation of 131I therapy in differentiated thyroid cancer (DTC) patients.

Objective
This work aimed to investigate if a LID of four days is enough to achieve adequate 
iodine depletion in preparation for 131I therapy. In addition, the nutritional status 
of the LID was evaluated.

Methods
In this prospective study, 65 DTC patients treated in two University Medical Centers 
were included between 2018 and 2021. The patients collected 24-h urine on day 
four and seven of the LID and kept a food diary before and during the LID. The 
primary outcome was the difference between the 24-h urinary iodine excretion 
(UIE) on both days.

Results
The median 24-h UIE on day four and day seven of the LID were not significantly 
different (36.1 [IQR 25.4 – 51.2] mcg and 36.5 [IQR 23.9 – 47.7] mcg, respectively, 
P=0.43). On day four of the LID, 72.1% of the DTC patients were adequately prepared 
(24-h UIE<50 mcg), and 82.0% of the DTC patients on day seven (P=0.18). Compared 
to the self-reported regular diet, DTC patients showed a significantly (P<0.01) lower 
percentage of nutrient intake (calories, protein, calcium, iodine, and water) during 
the LID.

Conclusions
The 24-h UIE on day four of the LID did not differ from day seven, and therefore 
shortening the LID from seven to four days seems justified to prepare DTC patients 
for 131I therapy in areas with sufficient iodine intake and may be beneficial to maintain 
a sufficient nutritional intake during DTC treatment.
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Introduction
In a substantial number of patients with differentiated thyroid cancer (DTC), 
radioactive iodine (131I) therapy after a (near) total thyroidectomy is recommended, 
with the primary goal of destroying residual normal thyroid tissue and potentially 
cancerous tissue. Several (inter)national guidelines advise a low iodine diet (LID), 
with the aim of less than 50 mcg iodine intake per day, to improve the outcome of 
131I therapy.1-4 A LID depletes the overall iodine body storage, and it is postulated 
that this leads to an increased expression of the sodium-iodine symporter (NIS), 
which results in an increased uptake of 131I, thereby augmenting the effect of 131I.5-7 
In addition, stimulation of the thyroid-stimulating hormone (TSH) receptor plays an 
important role in upregulating NIS expression and, therefore, in the uptake of 131I.8

Consensus about the optimal duration of the LID in different guidelines is 
lacking. The American (ATA) and British Thyroid Association (BTA) recommend a LID 
of approximately one-two weeks, the European Thyroid Association (ETA) advises 
a LID of three weeks, and the European Association of Nuclear Medicine (EANM) 
recommends an optional LID of one to two weeks.1-4

At the beginning of this century, two studies recommended a LID of two 
weeks for an optimal 131I therapy preparation.9,10 These studies were followed by 
more recent findings suggesting an adequate depletion can already be accomplished 
with a LID of one week.11-13 In these studies, several definitions of an adequate 
depletion differed significantly; 24-h urinary iodine excretion (UIE) <66.2 mcg/g 
Creatinine (gCr) or <50 mcg/L or <50 mcg/gCr or <100 mcg/gCr.9-13 One study with 
historical cohorts showed that an adequate depletion using the strict reference 
standard of 24-h UIE <50 mcg/24-h had been achieved in some patients after only 
four days; however, this study only including a subgroup of patients who followed 
the LID.14

Adherence to a LID can be stressful, distasteful, and overwhelming in a period 
of thyroid cancer treatment, even more for patients suffering from complaints of 
hypothyroidism due to thyroid hormone withdrawal. In addition, minimizing iodine 
intake also complicates achieving a balanced diet, which is essential in any cancer 
recovery, and therefore, shortening the LID from one to two weeks to four days 
could be beneficial for DTC patients.15,16

For this reason, we prospectively investigated if a LID of four days is enough 
in areas with sufficient iodine intake to achieve adequate iodine depletion in 
preparation for 131I therapy by comparing the 24-h UIE on day four of the LID to day 
seven of the LID. Secondly, we aimed to assess the nutritional status of patients 
while on a LID and evaluated the individual perception of DTC patients regarding 
the LID.

2
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Materials and methods
Patients
In this prospective multicenter study, consecutive DTC patients (age ≥ 18 years) who 
were scheduled for 131I therapy, between May 2018 and March 2021, at the University 
Medical Center Groningen (UMCG) or between May 2020 and March 2021 at the 
Maastricht University Medical Center+ (MUMC+) were asked to participate in this 
study. Exclusion criteria were the use of iodine-containing drugs (like amiodarone), a 
diagnostic scan with iodinated contrast within three months before the 131I therapy, 
and the inability to understand the Dutch language.

Patients were treated according to the Dutch DTC guideline; in general, a 
(near) total thyroidectomy with or without additional lymph node dissection was 
performed.17 In preparation for the subsequent 131I therapy, patients were withdrawn 
of thyroid hormone (THW, with the aim of a TSH level >25 mU/L before 131I therapy) or 
received recombinant human (rh)TSH upon clinical indication with the continuation 
of thyroid hormone substitution, and had to follow a LID of seven days, with an 
iodine intake of <50 mcg/24-h. They received written instructions, a sample menu, 
a link to a website containing low iodine recipes (www.jodiumarm.nl), and contact 
details of the dietician who could be contacted on demand.

Medical records were used to obtain medical history, diagnosis, and 
treatment details. DTC was defined as papillary and follicular thyroid carcinoma 
(including all subtypes). Tumors were staged and reclassified according to the 8th 
edition of the AJCC/UICC TNM. The TSH value was determined, during THW or rhTSH, 
one day before or on the day of 131I administration.

Study approval by the Medical Ethics Committee of the UMCG (No. METc 
2017/647) and MUMC+ (No. RvB/300674) was waived because this study is not clinical 
research with human subjects as meant in the Medical Research Involving Human 
Subjects Act (WMO). All participants gave written informed consent.

Urinary iodine measurements
Patients collected 24-h urine on day four and day seven of the LID, volume was 
determined, and a urine sample was stored at -20°C until processing. All samples 
were analyzed at the UMCG, and for determination of the urinary iodine, creatinine 
and sodium, a sample of the 24-h urine collection was used. Urinary iodine was 
measured using an inductively coupled plasma mass spectrometer (ICP-MS, 
Thermo scientific iCap-TQ, Breda, the Netherlands). The total inter- and intra-assay 
coefficient of variation (CV) values were 2.1% to 2.9% at 40.0 mcg/L and 2.2% to 
3.5% at 225 mcg/L. The limit of quantification (LoQ) was 10 mcg/L (coefficient of 
variation of 8.9%). Urinary creatinine was analyzed using the enzymatic creatinine 
assay on the Roche cobas c system (Roche, Almere, The Netherlands) based on the 
conversion of creatinine with creatininase, creatinase, and sarcosine oxidase to 
glycine, formaldehyde, and hydrogen peroxide. Urinary sodium was analyzed by an 
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ion-selective electrode on the Roche cobas c analyzer. Serum TSH was measured 
using an electrochemiluminescentimmunometric assay (Cobas 8000 instrument, 
Roche Diagnostics, Mannheim, Germany). The UIE was expressed as 24-h UIE 
(mcg/24-h) and as the iodine to creatinine ratio (I/Cr, mcg/gCr) based on the 24-h 
urine collection.

Our primary outcome was the difference between the 24-h UIE on day 
four and day seven of the LID. An incomplete 24-h urine collection (<600 mL) was 
excluded from the 24-h UIE analysis. To ensure we could use the iodine to creatinine 
ratio, we correlated 24-h UIE (gold standard) with I/Cr. Several definitions were used 
to define an adequate LID preparation to compare the success rates between both 
days; 24-h UIE <50 mcg/24-h (strict reference standard), I/Cr <50 mcg/gCr and I/Cr 
<100 mcg/gCr.9,10,13,14

Nutritional evaluation
To evaluate the nutritional status, patients noted their food and dietary supplements 
intake three days before and four days during the LID in a food diary (see Table S1, 
supplemental data).18 The food intake before the LID provided information about 
the everyday choices (regular diet) of the patients. The dietary intake was evaluated 
by a dietician (L.S-B.) using the guidelines of the Health Council of the Netherlands; 
the intake of several macro- and micronutrients (calories, protein, calcium, sodium, 
iodine, and water) was expressed as the percentage (%) of the Dietary Reference 
Intake (DRI).19 In the week before the LID, sufficient iodine intake was defined as 
>150 mcg/24-h.20 In the Netherlands, on a population basis, the daily intake of iodine 
is optimal.21,22 The self-reported salt intake was based on the total amount of salt 
intake during the day, including salt-containing products; patients were informed 
to use non-iodinated salt during the LID.

 In addition, to evaluate the individual perception towards the LID, patients 
were asked to answer eleven questions after following the LID of seven days (see 
Table S2, supplemental data).18

Statistics
The primary endpoint was the difference between the 24-h UIE on days four and 
seven of the LID. We hypothesized a significantly lower 24-h UIE on day seven of the 
LID (standard deviation (SD) of 0.25). The sample size required to provide more than 
80% power with a one-sided alpha level of 0.05 was calculated to be 65 patients. 
Data were expressed as mean with ± SD or median with interquartile range [IQR]. 
For paired data, we used the Wilcoxon signed-rank test and the McNemar test. 
For unpaired data, Pearson’s chi-squared test and Fisher’s exact test were used. 
In addition, Spearman’s correlation was used to correlate the 24-h UIE and I/Cr. 
We calculated the median of the individual percentage differences of the 24-h UIE 
between day four and seven of the LID. To calculate this individual percentage 
difference, the following formula was used: ((24-h UIE day four - 24-h UIE day seven) 

2
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/ (24-h UIE day four)) * 100. P-values <0.05 were considered significant. IBM SPSS 
Statistics for Windows, version 23.0 (IBM Corp, Armonk, NY) was used for statistical 
analysis of the data.

Results
Patient characteristics
One hundred and twenty-four DTC patients were eligible for inclusion. Two were 
excluded from participation because they could not understand the Dutch language, 
57 patients did not want to participate. All 59 excluded patients followed a LID in 
preparation for their 131I therapy.

Sixty-five patients with a mean age of 54 years (SD ± 14.8) were included. 
Forty-one patients (63.0%) were female, 40 patients (61.5%) were diagnosed with 
papillary thyroid carcinoma. Three patients (4.6%) received rhTSH before 131I therapy, 
62 patients (95.4%) were prepared with THW. TSH levels were >25.0 mU/L before 
or on the day of receiving 131I therapy in all patients. For clinical and treatment 
characteristics, see Table 1.
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Table 1. Characteristics of the study population

Total study population

N 65

Gender (n)
Male/female 24/41

Age during LID (y) 53.7 ± 14.8

Histology (n)
Papillary/follicular 40/25

TNM (%)
T1 – T2
T3 – T4
N0
N1a-N1b
M0
M1

38 (58.5)
27 (41.5)
43 (66.2)
22 (33.8)
62 (95.4)
3 (4.6)

AJCC stage (%)
Stage 1
Stage 2
Stage 3
Stage 4A
Stage 4B

42 (64.6)
19 (29.2)
2 (3.1)
-
2 (3.1)

ATA risk stratification (%)
Low risk
Intermediate risk
High risk

14 (21.5)
42 (64.6)
9 (13.8)

131I therapy (%)a

1st

2nd
48 (73.8)
17 (26.2)

TSH (mU/L)b 82.0 [66.5 – 106.0]

Data is expressed as mean (±SD), median [IQR] or number (%). a Number of 131I therapies at 
the moment of study participation; 1st 131I therapy indicates the ablation therapy, and the 2nd 
131I therapy indicates additional treatment when indicated. b Before 131I therapy during thyroid 
hormone withdrawal (n=62) or recombinant human TSH (n=3)

Urinary iodine excretion during the LID
Eight out of 130 24-h urine collections were incomplete. Sixty-one 24-h urine 
collections on day four and 61 24-h urine collections on day seven were available 
for data analysis on 24-h UIE. All 130 24-h urine collections (65 paired) were used 
for data analysis on I/Cr.

The median 24-h UIE on day four and seven of the LID were 36.1 [IQR 25.4 
– 51.2] mcg and 36.5 [IQR 23.9 – 47.7] mcg, respectively (P=0.43, Figure 1). The 
median of the individual percentage differences of the 24-h UIE between day four 
and seven of the LID was 4.7% (decrease). The correlations between the 24-h UIE 
and I/Cr were good on day four and seven of the LID (ρ=0.718, P<0.01, and ρ=0.727 
P<0.01, respectively).

2
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Figure 1. 24-h UIE (mcg/24-h) on day four and seven of the low iodine diet in preparation of 
131I therapy
Data expressed as median [IQR] and minimum and maximum values

Using the definition of 24-h UIE <50 mcg/24-h as an adequate LID preparation, 
44 of the 61 patients (72.1%) were already adequately prepared on day four, and 
50 of the 61 patients (82.0%) on day seven (P=0.18, Figure 2 and Table 2). The 
percentages of DTC patients fulfilling the criteria of an adequate LID by other 
definitions are illustrated in Table 2.

Day 4 Day 7 
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40
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tie

nt
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72.1% 82.0%

P=.18

Figure 2. Percentage of DTC patients with a 24-h UIE <50 mcg on day four and seven of the 
low iodine diet in preparation of 131I therapy
Data expressed as percentage (%)
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Table 2. Percentages of DTC patients fulfilling the criteria of adequate low iodine diet

Definition of adequate LID Day 4 Day 7 P

<50 mcg/24-h 72.1% 82.0% 0.18

<50 mcg/gCr 79.7% 73.4% 0.42

<100 mcg/gCr 98.4% 100% 1.00

Data expressed as percentages (%). Abbreviation: LID low iodine diet

Nutritional evaluation and individual perceptions regarding the LID
Compared to the regular diet, during the LID, DTC patients showed a significantly 
(P<0.01) lower percentage of the Dietary Reference Intake with regards to calories, 
protein, calcium, iodine, and water (Table 3). No difference was found between the 
first three days of the LID and day six concerning the daily self-reported iodine intake 
(55.0 [IQR 37.5 – 67.0] mcg and 54.0 [IQR 35.5 – 71.0] mcg, respectively, P=0.83). The 
daily self-reported iodine intake before the LID was significantly higher (145 [IQR 
120.5 – 181.0] mcg) compared to the intake during the LID (55.0 [IQR 37.3 – 71.5] 
mcg), p<0.01).

Table 3. Comparison of the nutritional status of the self-reported regular diet and low iodine 
diet in DTC patients

Before LID LID P

N 57a 64b

Calories (% of DRI) 83.0 [66.5 – 95.5] 64.0 [52.3 – 79.5] <0.01

Protein (% of DRI) 133.0 [112.0 – 154.5] 100.0 [82.3 – 117.0] <0.01

Calcium (% of DRI) 73.0 [46.0 – 101.5] 41.0 [33.0 – 54.0] <0.01

Iodine (% of DRI) 97.0 [80.0 – 120.5] 36.5 [24.5 – 47.8] <0.01

Water (% of DRI) 75.0 [56.0 – 133.5] 60.0 [43.3 – 109.0] <0.01

Data is expressed as median [IQR]. Abbreviations: DRI Dietary Reference Intake, LID low iodine 
diet. a Eight DTC patients did not report their food intake before LID, hence n=57, b One DTC 
patient did not report his food intake before LID, hence n=64.

The median self-reported salt intake during the regular diet was 4.8 [IQR 
3.9 – 5.8] g/day, which was significantly (P<0.01) higher than the self-reported salt 
intake during the diet week (2.2 [IQR 1.7 – 3.1] g/day). Based on the urinary sodium 
excretion on day four and seven of the LID, the median salt intake was 3.6 [IQR 2.1 – 
4.6] g/day and 3.0 [IQR 1.9 – 4.3] g/day on day four and seven of the LID, respectively.

Fifty-nine of the 65 DTC patients (90.8%) reported compliance to the diet for 
the recommended seven days. Patients who were not adequately prepared (24-h 
UIE ≥50 mcg/24-h) did not report significant differences, compared to adequately 
prepared DTC patients, concerning difficulties in maintaining the LID, composing 
a day menu, and the individual perception towards the LID in terms of taste and 
nutritiousness (Table 4).

2
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Table 4. The Individual perception of DTC patients regarding the low iodine diet

24-h UIE < 50b 24-h UIE ≥ 50 P

Na 44 17

It was hard to maintain the LID 3.0 [2.0-3.0] 3.0 [2.0-3.0] 0.38

It was hard to compose a day menu during the 
LID

3.0 [2.0-3.0] 3.0 [2.0-3.0] 0.85

The LID was not nutritious 3.0 [2.0-3.0] 2.0 [2.0-3.0] 0.18

The LID was not tasteful 3.0 [2.3-3.0] 2.0 [2.0-3.0] 0.12

How many days did you maintain the LID (%)
5
6
7

1 (2.3)
3 (6.8)
40 (90.9)

1 (5.9)
1 (5.9)
15 (88.2)

0.61

Fish consumption per week in regular diet (%)
Never
1
>1

16 (36.4)
27 (61.4)
1 (2.3)

3 (17.6)
14 (82.4)
-

0.25

Bread consumption per week in regular diet (%)
Never
1-2
3-5
6-7

-
4 (9.1)
6 (13.6)
34 (77.3)

-
1 (5.9)
3 (17.6)
13 (76.5)

0.89

Values expressed as median [IQR] or number (%). Four point scale was used from 1 (strongly 
agree) to 4 (strongly disagree). Abbreviation: LID low iodine diet. a Data missing in four DTC 
patients, b Day four of the LID.

Discussion
In this prospective multicenter study, we demonstrate that the 24-h UIE on day four 
of the LID did not differ from the 24-h UIE on day seven of the LID, supporting that a 
LID of four days is equivalent to a LID of seven days in preparation of DTC patients 
for 131I therapy. Depending on the definition used for an adequate LID preparation, 
most of the included DTC patients (72.1% - 98.4%) achieved an adequate preparation 
for 131I therapy with a LID of four days. In addition, the self-reported intake of macro- 
and micronutrients of the DTC patients during the diet decreased substantially 
compared to their regular intake.

Several studies showed that a LID of seven days is sufficient to achieve target 
UIE values for the preparation of 131I therapy.11-13 Only the retrospective study of 
Pluijmen et al. showed that the strict reference UIE target of <50 mcg/24-h can be 
achieved in four days; however, an unknown number of patients with a 24-h UIE 
> 49.4 mcg/24-h was excluded.14 Our prospective study shows that 72.1% of DTC 
patients can achieve this strict reference target within four days, and that after four 
days, the additional decrease is neglectable (4.7%). Our results are also supported 
by two Korean studies that nicely illustrated the pattern of UIE during a LID of 14 
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days.11,13 They showed a significant drop of the UIE, measured as urine I/Cr ratio, 
within the first three days, followed by a flattened line during the rest of the diet.

Guidelines advise a LID to deplete the overall iodine body store. However, 
until now, randomized prospective trials that show that a LID improves ablation 
success are lacking. Theoretically, a depleted iodine plasma concentration increases 
the NIS expression, and, therefore, optimizes 131I uptake. An animal study with 
pregnant rats showed that iodine deficiency induces NIS mRNA expression in the 
thyroid gland of the fetus and the fetal side of the placenta.23

In clinical practice, the advice on how long and strict the LID should be 
followed differs between countries and even between hospitals of one country24, 
which can be very confusing for patients.

The intake of the self-reported different nutrients decreased significantly 
during the LID compared to the regular dietary intake of the DTC patients. Similar 
findings were reported by a Korean study and represent the difficulties for DTC 
patients to maintain a balanced diet with iodine intake restriction.25 We did not 
measure the patients’ weight in this study, but a hypothyroid state nullifies a 
possible weight loss. In a previous study, we found an increase in body weight after 
the LID compared to the weight a couple of weeks before the LID.26 In addition, we 
also found low salt intake during the LID, which illustrates that patients confuse the 
LID with a low-salt diet.14 In literature, the development of hyponatremia by following 
a LID, especially in vulnerable patients, has been described several times.27-29

In general, the participants in our study did not have a strong opinion 
about perceived barriers regarding the LID. Some individuals reported difficulties 
composing a daily menu and experienced stress of contributing to treatment 
failure when not following the diet correctly; experiences, also described in other 
countries.30,31

The strengths of this study are the prospective design, the collection of 24-h 
urine to evaluate the body iodine pool, and the extrapolation to daily care practice 
in countries with sufficient iodine intake. This study also has some limitations. First, 
a LID of four days might not be suitable for iodine-rich areas. Secondly, the self-
reported nutrition diaries could be vulnerable to underestimation of the dietary 
intake. Finally, there was no documentation of the baseline 24-h UIE before the 
LID to confirm that the 24-h UIE decreased during the LID. However, there was a 
substantial decrease in the iodine intake during the LID compared to the regular 
diet, and previous data from the Dutch population show that the Netherlands is a 
country with an optimal iodine nutrition status with a substantially higher 24-h UIE 
than the reported 24-h UIE during the LID.22,32

Continued levothyroxine in patients prepared for 131I therapy with rhTSH 
may lead to an increased iodine body pool. Until now, studies do not suggest that 
these patients have to follow a LID of a longer duration.13,33 However, we cannot 
be sure whether a duration of four days is enough for these patients since we 
only included three patients prepared with rhTSH. It is also not possible to draw 

2
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separate conclusion for low- or high-risk-patients. In general, there is a tendency 
to less aggressive management for low-risk DTC patients; an optimal or strict LID 
might be less important in patients with an excellent prognosis.

To conclude, the 24-h UIE on day four of the LID did not differ from day seven. 
Therefore, shortening the LID from seven to four days seems justified to prepare 
DTC patients for 131I therapy in areas with sufficient iodine intake. Shortening the 
LID may benefit DTC patients to maintain a sufficient nutritional intake during their 
treatment.
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Supplemental data
Table S1. Food diary instructions

Date …………………….. (dd-mm-yyyy)

Breakfast 2 slices of low iodine bread (70 gram)
Butter for 2 slices
For 1 slice, cheese, 30+, young matured (20 gram)
For 1 slice, jam (15 gram)
1 cup of tea without sugar (150 ml)

Snack 1 apple with peel
1 cup of black coffee (150 ml)
1 cup of tea without sugar (150 ml)

Lunch 2 slices of low iodine bread (70 gram)
Butter for 2 slices
For 1 slice, apple butter (15 gram)
For 1 slice, jam (15 gram)
1 glass of water (200 ml)

Snack 3 biscuits
1 peach
1 cup of black coffee (150 ml)
1 cup of tea without sugar (150 ml)

Diner Beetroot (150 gram, cooked)
Beef (100 gram, raw)
Boiled potatoes (200 gram, cooked)
Olive oil (15 ml)
1 glass of water (200 ml)

Snack Hazelnuts, not salted (25 gram)
1 glass of diet coke (200 ml)

Supplements
(name and dosage)

Patients were instructed to report their food intake precisely like this example with special 
focus on the weight and the amount of the products
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Table S2. Questions about the individual perception regarding the low iodine diet

Questions

1. What is your marital status?

2. Who provides food in your household?

3. How often do you normally consume fish per week?

4. How often do you normally consume bread per week?

5. How did you experience to stick to the iodine-restricted diet?

6. How did you experience composing a daily menu during the low iodine diet?

7. How many days did you follow the low iodine diet?

8. Did you experience the low iodine diet as tasteful?

9. Did you experience the low iodine diet as nutritious?

10. Did you use the website https://www.jodiumarm.nl/?

11. Do you have any additional comments regarding the low iodine diet you followed?

2
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