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Abstract

Background: Debate remains regarding whether to recommend a low iodine diet (LID)
before radioactive-iodine treatment and its duration and stringency. This mixed-
methods review aimed to determine if iodine status affects treatment success, the
most effective diet to reduce iodine status, and how LID impacts wellbeing.
Methods: Five electronic databases were searched until February 2021. An
effectiveness synthesis (quantitative studies) and views synthesis (qualitative,
survey, and experience-based evidence) were conducted individually and then
integrated. Quality assessment was undertaken.

Results: Fifty-six quantitative and three qualitative studies were identified. There was
greater ablation success for those with an iodine status of <50 mcg/L (or mcg/gCr)
compared with =250 (odds ratio [OR] = 2.63, 95% confidence interval [Cl], 1.18-5.86,
n =283, GRADE certainty of evidence very low). One study compared <50 mcg/L (or
mcg/gCr) to 100-199 and showed similar rates of ablation success (OR = 1.59, 95% Cl,
0.48-6.15, n=113; moderate risk of bias). People following a stricter LID before
ablation had similar rates of success to a less-strict diet (OR =0.67, 95% Cl, 0.26-1.73,
n =256, GRADE certainty of evidence very low). A stricter LID reduced iodine status
more than a less strict (SMD = -0.40, 95% Cl, —0.56 to —-0.24, n = 816), and reduction
was seen after 1 and 2 weeks. The main challenges were a negative impact on
psychological health, over restriction, confusion, and difficulty for sub-groups.
Conclusions: Although a LID of 1-2 weeks reduces iodine status, it remains unclear
whether iodine status affects treatment success as only a few low-quality studies
have examined this. LIDs are challenging for patients. Higher-quality studies are

needed to confirm whether a LID is necessary.
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1 | INTRODUCTION

Differentiated thyroid cancer (DTC) is usually treated with total
thyroidectomy, followed by radioactive-iodine treatment (RAIT) with
131 1o destroy any residual thyroid tissue or cancerous tissue left
postsurgery (ablation). After ablation, radio-iodine can also be used to
treat residual, recurrent or metastatic disease (therapy).! Thyroid-
stimulating hormone should be raised to facilitate uptake of *32I. It
has been suggested that high iodine status may interfere with RAIT
efficacy as nonradioactive iodine competes with *3!| for uptake by
the thyroid.2 Furthermore, depleting plasma iodide concentrations
may increase the expression of the sodium-iodine symporter gene,
increasing the amount of radioactive-iodine uptake in remnant
thyroid tissue or DTC cells.> Many international guidelines on the
management of thyroid cancer suggest reducing iodine status before
RAIT using low iodine diets (LID).Y*> However, the available
evidence for benefit of low iodine status on the efficacy of RAIT
for DTC is weak.®” This has led to inconsistencies both within and
between countries regarding recommendations for LID duration and
target urinary iodine concentration. In 2015, the Italian Society of
Endocrinology recommended that a LID before RAIT was not
necessary in countries with mild to moderate iodine deficiency,®
and was updated in 2018 to suggest avoiding preserved fish, sushi,
and seaweed for 1-2 weeks before RAIT.” The iodine status
of the UK falls into this mild to moderate bracket'® but British
Thyroid Association guidelines state that patients should be advised
to follow a LID for 1-2 weeks before RAIT.} A recent survey of
practice found that different treatment centres in the UK gave
varying LID advice.'?

Debate, therefore, remains not only as to whether to recommend
a LID or not, but also the duration and stringency. Previous reviews®”
were limited in their searches (e.g., excluded non-English articles,
restricted databases), analysis, and descriptions of study quality and
additional studies may have been published since the last review in
2016. Furthermore, the impact of the LID on wellbeing has not
previously been systematically reviewed. Short-term dietary inter-
ventions such as the LID may at first seem achievable but are
burdensome.}?"14

The aim of this review was to conduct the first mixed-method
synthesis in people with DTC receiving RAIT after total thyroidec-
tomy to yield maximum breadth and depth of understanding by
addressing the following questions:

Effectiveness synthesis
1. What is the effect of iodine status or LID on ablation and therapy

success?
2. What is the effect of iodine status on recurrence of thyroid cancer

or cancer-related mortality?
3. What is the effect of LID advice on iodine status before RAIT or

whole-body scan?
4. Are there any complications or adverse effects from consuming a

LID?

Views synthesis
5. What are the facilitators and barriers of consuming a LID?

2 | METHODS

A protocol for this review was registered with the International
Prospective Register of Systematic Reviews (PROSPERO ID:
CRD42020152261).

2.1 | Eligibility criteria

The eligibility criteria were developed in line with the mixed-
methods search tool SPIDER.'® Sample: Individuals of any age with
clinically diagnosed DTC. Those with a diagnosis of benign thyroid
disease or anaplastic or medullary thyroid cancer were excluded.
Phenomenon of interest: lodine status or impact of advice to lower
dietary iodine or iodine status in relation to the treatment of DTC.
A distinction is made in the British Thyroid Association Guidelines
between RAIT to destroy any residual thyroid tissue or cancerous
tissue left postsurgery (ablation) and radio-iodine to treat residual,
recurrent, or metastatic disease (therapy).1 Studies examining
iodine status/LID on ablation and/or therapy success were

1*3%0r 1122 whole-

included. Studies examining LID advice before
body scans (WBS) in DTC were included. Design: Systematic mixed-
method review and synthesis. No date or language restrictions
were imposed and relevant non-English texts were translated.
Evaluation: Studies that evaluated the clinical effectiveness and
considered the experiences, barriers, and facilitators of a LID in
relation to RAIT for DTC were included. Research type: Both
qualitative and quantitative study designs were included. Type of
quantitative study: Randomised controlled trials (RCTs) and
nonrandomized studies of interventions (NRSI) which included
comparative nonrandomized studies (i.e., cohort studies,
case-control studies, cross-sectional, and case series). Guidelines
and expert opinions were excluded. Deviations from the protocol

are documented in (Supporting Information File SF1).

2.2 | Search strategy

Five databases were searched from inception to February 2021:
Embase and MEDLINE (via OVID), Web of Science, Cochrane
Central Register of Controlled Trials (CENTRAL) via Cochrane
Library, and CINAHL (via EBSCOhost). The search strategy for
Medline is available in SF2. Reference lists of all included articles
were hand-searched for additional studies alongside relevant
systematic reviews, OpenGrey and the first 10 pages of google
scholar. The ClinicalTrials.gov website was also searched to identify

any ongoing trials.

2.3 | Study selection

Two reviewers independently examined all titles and abstracts (GH
and CE). Full-text papers were obtained for all studies for further


https://ClinicalTrials.gov
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examination. Any disagreement between reviewers was resolved by

discussion with a predetermined investigator (RP).

2.4 | Data extraction

A data extraction form was designed and piloted. Two reviewers
independently extracted data and the results were compared. When
extracting qualitative data an inclusive approach was taken to
minimize the risk of missing findings of value to the synthesis.'® All
reported texts and quotations were examined. This data took the
form of first-order constructs (quotes from participants in primary
qualitative studies, and author summaries of quotes) and second-
order constructs (interpretations of the primary study).” In addition,
we gathered experience-based evidence (informal reports of patient
experiences) from discussion sections of included quantitative
studies.’® For multiple publications, data from the reference that
provided the most comprehensive information has been used. When
information was missing, where possible, we contacted the study
authors directly (SF3).

2.5 | Quality assessment

Potential sources of bias were assessed independently, with group
discussion to reach consensus. The ROB 2.0 Tool'? was used to
assess the risk of bias (RoB) of RCTs, and the ROBINS-I tool was used
to assess the RoB for NRSI.2° We did not assess the RoB for abstracts
(because of their limited data), NRSI with only one group, or cross-
sectional and case series (because of their limited ability to determine
causal inference).?*?2 Single-arm studies are considered to have very
high RoB. To assess the quality in qualitative studies, the Critical
Appraisal Skills Programme (CASP) Qualitative Research Checklist
was used.?® The quality of survey studies in psychology (Q-SSP)
checklist provided guidance for the quality of surveys.?* Overall
quality of evidence for our main outcome, ablation success, was
assessed using Grades of Recommendation, Assessment, Develop-
ment, and Evaluation (GRADE).?®

2.6 | Analysis

We took a results-based convergent synthesis approach where the
effectiveness synthesis (including quantitative studies) and views
synthesis (including qualitative, survey, and experience-based evi-
dence) were individually synthesized. Following this, the two strands

were integrated.?®

2.7 | Effectiveness synthesis

We did not combine data from RCTs with data from observational
studies.?” Random-effects meta-analyses were used to calculate

pooled estimates for each question. For the outcome of ablation
success, we calculated odds ratios (OR) and 95% confidence intervals
(Cls). For iodine status, we calculated mean differences (MD) and
95% Cls based on the means and standard deviations (SD). As some
studies presented urinary iodine using different methods (either
mcg/L or mcg/gCr), we used Hedge's g to calculate standardized
mean differences (SMD). If the data required were not available, we
back-calculated from the data presented, where possible e.g., group
numbers from percentages, SD from standard errors or using the
quantile estimation method.?® Fixed-effects models were performed
as a sensitivity analysis (SF4a). For dichotomous data, the
Mantel-Haenszel method was used to calculate risk ratios and 95%
Cl for both random and fixed effects meta-analyses. For continuous
data, the inverse-variance method was used to calculate pooled MD
and 95% CI for both random and fixed effects meta-analyses. Based
on previous reviews,®” we predicted that the available evidence
examining the effect of iodine status or LID on ablation and therapy
success would be sparse and so, as suggested by Scherer and
Saldanha,?’ an a priori decision was made to include abstracts where
full papers were not available. However, as RoB cannot be assessed
for abstracts, a sensitivity analysis was performed with and without
the abstract results.>C Stata 16 was used for all analyses.®!

The World Health Organization defines moderate urine
iodine deficiency for adults as <50 mcg/L, mild iodine deficiency
as 50-99 mcg/L, adequate iodine nutrition as 100-199 mcg/L,
200-299 mcg/L as above requirements, and 2300 mcg/L as ex-
cessive. We examined the effect of iodine status on ablation
success by comparing (a) deficient (<50 mcg/L or mcg/gCr) versus
above requirements/excess (2200) (which may reflect high-iodine
consuming countries such as Korea) and (b) deficient (<50 mcg/L or
mcg/gCr) versus adequate (100-199) (which may reflect lower-

iodine consuming countries such as the UK).

2.8 | Views synthesis

In line with thematic synthesis32 two reviewers (GH and AS)
established an initial coding framework to capture barriers and
facilitators of a LID. “Line-by-line” coding was carried out indepen-
dently using Nvivo 12-pro software.®® Individual coding was
compared: returning to the original studies to check to understand.
Similar codes were grouped and condensed until a smaller number of
subthemes were developed from which broader themes were
generated. Two additional investigators with clinical and nutritional
expertise were consulted to further develop the subthemes and
broader themes (CE and CA).

2.9 | Mixed synthesis

The effectiveness and views synthesis were combined and narra-
tively synthesised®* to examine the effect of advice to lower dietary
iodine on iodine status.



HERBERT ET AL.

3 | RESULTS

Title and abstract of 1109 articles were screened, of which 90 were
subsequently screened as full text. We identified 59 studies
(reported in 67 articles) for inclusion: 56 quantitative and three
qualitative studies. A flowchart of included studies and reasons for
exclusions are summarised in SF5/6. Table 1 summarizes the study
characteristics.

The results are presented in three main sections: first, the
effectiveness synthesis (Questions 1-4), second, the views synthe-

sis (Question 5), and lastly, the mixed synthesis (Question 3).

3.1 | Effectiveness synthesis
3.1.1 | Question 1. Effect of iodine status and LID
on ablation and therapy success

Response to treatment was determined from diagnostic WBS
alone or diagnostic WBS combined with thyroglobulin results,
sometimes with the inclusion of a cut-off for thyroglobulin
antibodies (SF7,8). The findings below (Questions 1a-1d) are in
relation to RAIT before ablation (to destroy any residual thyroid
tissue or cancerous tissue left postsurgery). There were no studies
that reported examining the effect of iodine status or LID in
relation to RAIT before therapy (to treat residual, recurrent, or

metastatic disease).

3111 |

requirements/excess (2200)
35,36

1a. Deficient (<50 mcg/L or mcg/gCr) versus above

Two studies reported iodine status at these levels (SF7). One
study used cutoffs of 200-250 and 2250 mcg/L (or mcg/gCr)3¢ and
another used a cutoff of 2250 mcg/L (or mcg/gCr).3> To examine
whether excess iodine affected ablation success we used the cutoff
of 2250 mcg/L, as this had been used in both studies. There was
greater ablation success for those with an iodine status of <50 mcg/L
(or mcg/gCr) compared with those with an iodine status of 2250
(OR=2.63, 95% Cl, 1.18-5.86 n=283) (Figure 1A). RoB of these
studies was moderate (SF9a); GRADE certainty of evidence was very
low (SF9g).

3112 |
(100-199)

One study reported data for this comparison.>® They showed similar

1b. Deficient (<50 mcg/L (or mcg/gcr) versus adequate

levels of ablation success of those with a deficient iodine status and
those with an adequate iodine status (88% compared to 82%
OR=1.59, 95% Cl, 0.48 to 6.15, N = 113; moderate RoB).

3.1.1.3 |
Markovic et a

1c. LID advice versus no LID advice
1,37 reported that following a LID had similar ablation
success to those on a regular diet (less strict LID vs. regular diet:
OR=0.76, 95% Cl, 0.26-2.24; stricter LID versus regular diet:

OR=0.88, 95% Cl, 0.36-2.12 [calculated using author-reported
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percentages]). RoB for this study was not assessed as the results

were reported in an abstract.

1d. Less-strict LID versus stricter LID
38-40 37,41

3.1.14 |

Three studies and two abstracts reported data on the effect
of a strict versus less-strict LID on ablation success (SF8). People
advised to follow a strict diet to reduce iodine before ablation had
similar rates of ablation success to those offered a less strict diet
(OR=0.67, 95% Cl, 0.26-1.73, n = 256) (Figure 1B). The inclusion of

3741 in a sensitivity analysis showed no important

two abstracts
changes to the findings (SF4b). RoB of these studies was serious

(SF9b), and GRADE quality of evidence was very low (SF9g).

3.1.2 | Question 2: Effect of iodine status on
recurrence of thyroid cancer or cancer-related
mortality

No studies examined the impact of a LID on mortality rates. Two

abstracts*?*3

reported the impact of the LID on long-term recurrence
of DTC, both suggested that higher UIC before RAIT may be
associated with disease recurrence. Li et al.*? reported a 21.9%
absolute risk increase in disease recurrence per 50 mcg/g increase of
UI/Cr (p=.02) at 18 months postablation. Tobey et al.*® analysed
progression-free survival for patients with iodine status (mcg/24 h)
<50, 50-99, 100-250, and >250 during a median follow-up of 45
months (IQR 17.5-78). Those with iodine status >250 had a higher
risk of progression (hazard ratio [HR] 22.5, Cl 3-170.9, p =.03) but
results were attenuated when using a multivariate model (p =.05,

effect size not given).

3.1.3 | Question 3: Effect of advice to lower dietary
iodine on iodine status

Studies were divided by question type and design; studies compared
the effect of a LID on iodine status to a normal diet (SF10), a stricter
LID (SF11), or diets of different durations (SF12). Some compared
two groups receiving different LID. Others assessed iodine status
before and after the LID for the same set of participants (i.e., without
a contemporaneous comparison group). Most evidence is from single-
arm studies.

3.1.3.1 |
status

Effect of a LID compared with a normal diet on iodine

Studies comparing two groups: Participants following a 1-week LID
reduced their iodine status compared to those who ate their normal
diet (SMD =-1.89, 95% Cl -2.63 to -1.16, n = 40)? (Figure 2A). RoB
for this study was serious (SF9c).

Single-arm studies: lodine status was measured before and after
a LID in 18 studies (SF10). Seven did not provide data suitable for
analysis.3844~%? Gosling et al.”° reported a reduction in iodine status
after <1 week LID (SMD=-3.18, 95% Cl, -4.17 to -1.65, n=7).
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( A) <50 2250
Study Ablated Non-ablated Ablated Non-ablated
Sohn 2013 156 49 10 10
Tala Jury 2010 36 5 14 3
Overall

Heterogeneity: T° = 0.00, I* = 0.00%, H’ = 1.00
Testof 8 =6;: Q(1)=0.61,p=0.43
Testof 6 =0:z2=2.37,p=0.02

Odds Ratio Weight
ROB with 95% ClI (%)
Moderate ———3.18[1.25, 8.10] 73.61
Moderate = 1.54[0.32, 7.33] 26.39

—~—ll— 263 1.18, 5.86]

Favours 2250 | Favours <50

(B) Stricter LID Less strict LID
Study Ablated Non-ablated Ablated Non-ablated
Ito 2018 3 9 16 9
Morris 2001 30 14 31 19
Yoo 2012 51 17 46 1
Overall

Heterogeneity: T = 0.41, I’ = 60.40%, H’ = 2.53
Test of 6, = 8 Q(2) = 4.76, p = 0.09
Testof 6=0:z=-0.83, p=0.41

FIGURE 1

Odds Ratio Weight
ROB with 95% ClI (%)
Serious ———l— 0.19[0.04, 0.88] 22.66
Serious 1.31[0.56, 3.08] 38.72
Serious 0.72[0.30, 1.69] 38.63

0.67[0.26, 1.73]

Favours less strict LID | Favours stricter LID

™
05 1 2 4

(A) Forest plot of odds ratio and 95% Cl of pooled studies comparing an iodine status <50 mcg/L (or mcg/gCr) to 2250 on ablation

success. (B) Forest plot of odds ratio and 95% Cl of pooled studies comparing a stricter LID to a less-strict LID on ablation success. Cl, confidence

interval; LID, low iodine diet

Studies in which participants followed a LID for 1-week had reduced
iodine status compared to before starting the diet (SMD =-1.28, 95%
Cl, -2.26 to -0.31, n=185).>1"* Studies in which participants
followed a LID for 2-weeks had reduced iodine status compared to
before starting the diet (SMD=-1.30, 95% Cl, -2.18 to -0.43,
n=392) (Figure 2A).35155-58 gingle-arm studies have reduced
capacity to provide robust evidence on causal inference and thus

there is very low certainty in these data.

3.1.3.2 |
iodine status

Effect of stricter LID compared with less-strict LID on

Six studies compared iodine status of those on stricter LID compared
to a less-strict diet (where stricter refers to the group with more
dietary guidelines/education) (SF11).5%°87%2 One RCT reported
participants following a stricter LID had similar iodine status
compared to those following a less-strict LID (SMD =-0.14, 95%
Cl, -0.52 to 0.25, n=104) (Figure 2B).>® The RoB judgement was
“some concerns” (SF9d). Five observational studies reported that
those following a stricter LID had lower iodine status compared with
those following a less-strict LID (SMD =-0.40, 95% Cl, -0.56 to
-0.24, n=816). All five studies were judged to be at serious RoB
(SF9c¢).58-%2 Sensitivity analysis excluding Ju et al.,”® who measured
iodine status using intake (3-day diet records) rather than UIC
showed no important changes to the findings (SF4c).

3.1.33 |

The most common comparisons of diet duration on iodine status

Effect of duration of LID on iodine status

were 1 versus 2 weeks and 2 versus 4 weeks. One single-arm study®®
compared 2 and 3-week LID and reported p > .05 for the difference in
jodine status (data not reported) (SF12).

3.1.33.1 |
groups: Participants on a 2-week LID had lower iodine status compared
with those on a 1-week LID (SMD =-0.99, 95% Cl, -1.46 to -0.53,
n=77) (Figure 2C).6>%* ROB in both studies was serious (SF9c).
Single-arm studies: Participants who followed a 2-week LID had

1-week versus 2-week LID. Studies comparing two

lower iodine status compared with those on a 1-week LID (SMD =
-0.27, 95% Cl, -0.46 to -0.08, n = 214) (Figure 2C).°1%° There was

very low certainty in this evidence.

3.1.332 |
groups: Participants on a 4-week LID had similar iodine status as
those on a 2-week diet (SMD = -0.06, 95% Cl, -0.43 to 0.30, n = 125)
(Figure 2C).2 RoB for this study was serious (SF9c).

Single-arm studies: Participants following a 2-week LID had

2 weeks versus 4-week LID. Studies comparing two

similar iodine status compared to those following a 4-week diet
(SMD =0.11, 95%Cl, -0.17 to 0.38, n = 101) (Figure 2C).%° There was

very low certainty in this evidence.

3.1.4 | Question 4: Are there any complications or
adverse effects from consuming a LID?

Thirteen studies reported adverse effects from consuming a
LID.2°4¢%-7¢ Maxon et al.,?> noted that no-one following the LID
experienced side effects such as diarrhoea or nausea. Tamura et al.,>*
provided a single statement, reporting no signs of hyponatremia after
the LID. Seven case studies/case series described hyponatremia in
12 patients with DTC.%4"7%7% Four cohorts studies’?"”> examined
hyponatremia shortly before or after ablation and reported a total of
62 cases of hyponatremia: Eight as severe.
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FIGURE 2
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(B)

(©)

Pre LID Post LID SMD Weight
Study N Mean sD N Mean SD 95% CI %
Studies comparing two groups
Maxon 1983 21 3469 2117 19 428 493 B -1.89(-2.63, -1.16] 100.00
Single arm studies
<1 week
Gosling 1975 (abstract) 7 1216 369 7 30 97 - . -3.18(-4.71, -1.65] 100.00
1 week
Kim 2011 19 6769 8255 19 267 16.2 —— -0.92(-1.58, -027) 19.50
Nakano 2020 24 30684 28502 24 8829 6148 — i -1.04(-1.64, -0.45) 19.82
Sohaimi 2019 (RCT) (LS-LID) 49 1078 6904 49 6382 51.21 - -0.72(-1.12,-031) 20.63
Sohaimi 2019 (RCT) (LID) 55 8924 692 55 5685 5007 - -053(-0.91,-0.15) 20.73
Tamura 2016* 38 7959 2824 38 1192 497 —-— -3.30(-3.99, -262] 19.33
Overall e -1.28(-2.26, -0.31)
Hetrogeneity: T2 = 1.15, I = 94.41%, H* = 17.90
Testof ©, = 6: O{4) = 50.82, p = 0.00
Testof © = 0:z = -2.68, p = 0.01
2 weeks
Choi 2008 51 787 2242 51 85 85 & 5 -0.44(-0.83, -0.05) 17.92
Dobrenic 2011 16 1531 248 16 766 19 —— -3.38(-4.44,-231) 1456
Jin 2010 (abstract) 221 23401 2064 221 187.43 165.73 u -0.25(-0.44, -0.06) 18.42
Ju 2016 78 11076 2307 78 1293 7146 - -1.83(-2.21,-1.46) 17.98
Kim 2011 19 5769 8255 19 195 88 — -0.93(-1.59, -0.28] 16.82
Moris 2001 7 567.7 3478 7 1739 1277 —— -1.41(-252,-030] 14.30
Overall = -1.30 [ -2.18, -0.43]
Hetrogeneity: T2 = 1.07, F = 95.63%, H* = 22.90
Tost of ©, = 6; Qx5) = 85.09, p = 0.00
Testof ©=0:z=-292, p=0.00
Favours post LID | Favours pre LID
Random-affects REML model 4 2 0 2 M
“UD for 10 days
Stricter LID Less-strict LID SMD with Weight
Study N Mean N Mean SD RoB 95% CI %
RCT
Sohaimi 2019 55 5685 5007 49 6382 5121  Some concerns —u -0.14[-052,0.25] 100.00
Observational studies
Cuenca 2008 221 43 30 150 56 32 Serious E 3 -0.42[-0.63,-0.21] 56.15
Ju 2016 43 68.1 288 49 827 573  Serous e -0.31[-0.72, 0.10] 14.71
Lim 2015 47 286 236 54 358 352  Serious o= -0.24[-062, 0.15] 16.20
Roh 2006 13 12787 7852 14 28975 188.24 Serious -1.07[-1.86,-0.29] 3.97
Tomoda 2005 15 1194 6227 210 1822 161.59 Serious —— -0.40(-092, 0.13] 897
Overall < -0.40 [ -0.56, -0.24]
Hetrogeneity: T2 = 0.00, 12 = 0.00%, H? = 1.00
Test of 6, = 8: Q(d) = 3.72, p = 0.45
Testof 8 =0:z =-4.99, p = 0.00
Favours stricter LID | Favours less-strict LID
Random-effects REML model 2 B 9 2
Timepoint 1 Timepoint 2 SMD with Weight
Study N  Mean SD N Mean SD RoB 95% Cl %
1 week 2 weeks
Studies comparing two groups
Park 2004 21 19987 16953 24 8469 44038 Serious — 0.94(-1.55,-0.34  568.74
Tomoda 2005 15 1194 6227 17 631 4058 Serious —f—— -1.06(-1.78,-033]  41.26
Overall = -0.99(-1.46, -0.53]
Hetrogeneity: T2 = 0,00, F = 0.00%, H* = 1.00
Test of 6 = 8;: (1) = 0.06. p = 0.81
Testol®=0:2=-4.17, p=0.00
Single arm studies
Kim 2011 19 267 162 19 195 88 NA — -054(-1.18, 009] 895
Lee 2014 196 282 2896 195 2262 1548 NA - <0.24(-0.44,-004]  91.06
Overall = -0.27 [ 0.46, -0.08]
Hetrogenety: T2 = 0,00, F = 0.00%, H° = 1.00
Testof 6 = 6;: Q(1) = 0.79, p = 0.38
Testof®=0:z=-2.76,p = 0.01
2 weeks 4 weeks
Studies comparing two groups
Padovani 2015 79 756 193 46 63 193 Serious -0.06(-0.43,030]  100.00
Single arm studies
Lim 2015 (LS-LID) 47 358 352 47 35 31 NA — -002(-0.42,038] 4674
Lim 2015 (UID) 54 286 236 54 35 33 NA —+l— 022(-015060 5326
Overall e 0.11(-0.17,038]
Hetrogeneity: T¢ = 0.00, F = 0.00%, H* = 1.00
Test of 6, = 8; Q1) =0.77, p = 0.38
Testo!=0:2=0.76,p=0.45
Favours timepoint 1 Favours timepoint 2
Random-efiects REML model 2 15 1 -5 0 5 1 15 2

(See caption on next page)
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3.2 | Views synthesis

The facilitators, barriers, and challenges experienced by patients

13,14,77

consuming a LID were reported in three qualitative studies and

40,45,79

three surveys.'>*78 Results from quantitative studies and

2,39,47,65

experience-based evidence reported in four studies strength-

ened the evidence base.

3.2.1 | Question 5: What are the facilitators and
barriers of consuming a LID?

The themes, subthemes, and supportive evidence for this synthesis
are shown in Table 2 (full extractions SF13). Six themes formed the
overarching synthesis: self-perception, changes to health, dietary
adaptation, behavioural strategies, information provision, and envir-
onment. Across these themes seven facilitating factors were
identified: the diet having an understandable rationale; providing an
opportunity for an individual to have an active role in their treatment;
experiencing other health benefits whilst on the diet; it being easier
relative to other cancer journeys; substituting high for low iodine
products; having clear advice, and positive and effective
reinforcement. Five barriers/challenges were identified: negative
impact on psychological and physical health; dealing with other
treatment and medication side effects; greater difficulty for
subgroups, for example, those experiencing existing dietary restric-
tion; over restriction; and confusion. Three of the subthemes
(reduction in energy intake; information seeking; preparing low
iodine meals) could be considered as facilitating factors for some but
barriers/challenges for others.

The CASP quality appraisal tool and Q-SSP indicated some
uncertainties surrounding the quality of one of the qualitative
studies’” and one of the surveys>* (SF9e,f). The relative contributions
of these studies to the analytic themes and intervention recommen-
dations based on these were explored in relation to their evaluated
quality. For example, careful consideration was given when inter-

preting the findings of Lee et al’” so as not to attribute reported
difficulties to the LID when it could have been due to hormone

imbalances resulting from THW.

3.3 | Mixed synthesis
A mixed synthesis of the “effectiveness and views” was undertaken
to explore Question 3 further by examining if variation in iodine

status resulted from different types of LID interventions in terms of

the levels of investment from the educator, and participant
empowerment to follow the diet. First, the themes from the views
synthesis were translated into recommendations for interventions
(Table 2, final column). A matrix was created to illustrate recommen-
dations reflected in the effectiveness studies that had explored the
impact of a LID on iodine status (Table 3). Studies expected to have
sufficient information on intervention design (full-text RCTs, NRSI,
and prospective studies) were included (n=16). lodine status was
plotted against the level of overall intervention investment for the
educator/participant empowerment to follow the diet (high, medium,
low) for 15 studies (Ito et al.,*® did not report iodine measurements).
The average mean iodine status was lowest for the high educator
investment/patient empowerment group (medians (mcg/gCr or mcg/
d or mcg/l): high = 42.8, medium = 76.8, low = 76) (SF14).

4 | DISCUSSION

41 | Summary of findings
LID before RAIT was developed and widely adopted in the 1980s.
Since then, two reviews (in 2010 and 2016) have summarised LIDs in
the treatment of DTC.>” Our review updates the evidence on the
impact of iodine status/LID on treatment success and is the first
mixed-method review in this area.

A key finding of this review is the lack of high-quality evidence
examining the effect of iodine status or LID on ablation and therapy
success. Guidelines advocate the postponement of RAIT with iodine

values exceeding 200 mcg/L.%°

Our review found there was greater
ablation success for those with a deficient iodine status (<50 mcg/L
or mcg/gCr) compared to above requirements/excessive (2250).
However, the quality of evidence for this comparison is very low as it

3536 with moderate risk of

was based on the results of two studies
bias and relatively wide 95% Cls that crossed the line of no effect in
one study. Only one study compared a deficient (<50 mcg/L or mcg/
gCr) and adequate (100-200) iodine status on ablation success and
there was no effect on ablation success.¢ The studies examining LID

on ablation success®” 4!

are limited in several ways: potential non-
adherence to the diet; comparisons of varying stringencies of diet
instead of between a control and LID; the inclusion of a small number
of patients with metastasis®’; and a serious risk of bias (e.g., they did
not use analysis methods that could control for potential confounders
such as staging and administered activity). A previous review
suggested that <100 mcg/L (or mcg/gCr) may increase ablation
success® however this review suggests a more cautionary interpreta-

tion of the evidence as there is insufficient high-quality evidence to

FIGURE 2

(A) Forest plot of standardized mean differences (SMD) and 95% confidence interval (Cl) of pooled studies comparing the effect

of low iodine diet (LID) compared with normal diet on iodine status (B) Forest plot of SMD and 95% Cl of pooled studies comparing the effect of
stricter LID compared to less-strict LID on iodine status (C) Forest plot of SMD and 95% CI of pooled studies comparing the effect of LID

duration on iodine status.
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(Continued)

TABLE 2

Recommendation

Study (year), evidence
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Qualitative (1st oc) milk and stuff.

effective

reinforcement
e.g., practical and

...they wanted emotional support to maintain a temperate lifestyle and to remain

Lee (2016) Qualitative

disciplined.

(2nd oc)

emotional

Perceived barrier related to LID practice: | do not have someone who will prepare low-

Moon (2012) Survey

support and

iodine menus for myself (1 strongly disagree - 7 strongly agree): 4.86 + 2.14.

responsive HCP

Abbreviations: +, facilitating factor to consuming a LID; -, challenge/barrier to consuming a LID; EBE, experience-based evidence; HCP, health care professional; kcal, kilocalories; LID, low iodine diet; LID-WG,

low iodine diet working group; OC, order construct; UIC, urinary iodine concentration; rhTSH, recombinant human thyroid-stimulating hormone; RAI, radio-active iodine.

®The synthesis of both first and second order constructs, into 3rd order constructs (interpretations of the review authors).

b1st and 2nd order constructs relevant for qualitative studies: 1st order constructs are those that reflect participants' understandings, as reported in the included studies (usually found in the results); 2nd order

constructs are interpretations of participants' understandings made by authors of these studies (usually found in the discussion/conclusion).

“Who experience existing dietary restriction for other health or lifestyle reasons.

draw any firm conclusions as to whether iodine status affects
ablation success.

Despite insufficient evidence for efficacy, the majority of
studies included in our review, assumed a LID to be necessary and
examined the effect of varying lengths of time and stringency of
iodine restriction on iodine status. A previous review® supported
a decrease in iodine status after consuming a LID for 1-2 weeks.
This review suggests that a greater reduction in iodine status may
be seen from a 2-week compared to a 1-week diet. However, this
conclusion is based upon a small number of studies®:42:%4> with
serious or unknown bias. Furthermore, reductions in iodine status
<50 (mcg/gCr or mcg/L) were seen in the single-arm studies after
1 week.>1%5 Although the evidence is limited and has a serious or
unknown bias, there is little to suggest any benefit to iodine
status in consuming a LID for >2 weeks. This supports Morsch
et al.'s®? findings when they compared the effect of a 2- and
3-week LID on iodine status in people having a thyroid evaluation
and found no difference between durations. The views synthesis
found many challenges to consuming a LID and it is likely
that non-adherence to the diet will increase, and patient
wellbeing be negatively affected, the greater the duration of
iodine restriction.

We found a stricter diet may be more effective in reducing iodine
status than a less-strict diet. However varying intensities of LID
education meant that the “stricter” and “less strict” categories were
not uniform across the studies and there may have been overlaps in
the extent to which diets were altered. The mixed-synthesis aimed to
deal with this variation by categorizing each study as either having
high, medium, or low educator investment/participant empowerment
to follow the diet. We observed that those within the high category
had a lower iodine status, suggesting a need for detailed LID
education and sufficient support to effectively reduce iodine status.
However, a balance must be reached in the amount of information
provided. Enough should be offered to allow individuals to feel
confident and equipped to consume a LID, but with an awareness
that this advice is given at a time when patients could be processing
large amounts of new medical information (e.g., postsurgical care,
changes in medication) and are vulnerable to information overload.®?
If, after considering the evidence, clinicians think that a LID is a
necessary part of treatment, a strategy that could be explored is the
use of timely LID information through smartphone/tablet apps as
these have been shown to improve knowledge and treatment
adherence for other interventions, especially with a duration less
than a month.®®

An adverse effect of the LID, as shown in the views synthesis,
was the negative impact on psychological health. At best, individuals
reported it as boring, confusing, overwhelming, and unsettling; at
worst, individuals were anxious and self-blaming if they had
consumed food containing iodine, and, most likely in conjunction
with a strong belief in the diet, that relapses were attributed to
actions whilst on the diet. The opportunity for blame in this patient
group is high as recurrence rates are up to 68% in high-risk
patients.®° This review has shown that a LID could add to what has
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been reported as an already psychologically distressing time for

people with thyroid cancer.8485

4.2 | Strengths and limitations

This review provides a comprehensive description of the evidence
base due to a mixed-method approach, thorough database search,
inclusive study design criteria and translation of non-English studies.
We adhered to strict review methodology that aimed to reduce bias,
such as using two authors to screen studies, extract data and assess
bias. However, although the search strategy was comprehensive, it is
possible that some studies may have been missed.

It is the first review to metaanalyse studies that have
investigated a LID on iodine status and ablation success. Although
the meta-analyses must be viewed with caution and the differences
that exist between these studies understood, we endeavoured to
deal with these differences by choice of analysis and conducting
appropriate sensitivity analysis. A further strength is the use of
appropriately designed tools to assess bias and quality in contrast to
previous reviews where quality issues were highlighted but not

objectively assessed.

4.3 | Implications for practice and research

Given the uncertainties of whether a LID has any effect on ablation
success, and the fact that following a LID diet may pose challenges
that cause stress and anxiety at an already difficult time, future
studies are needed to definitively determine whether a LID is
beneficial before RAIT. Comparisons should be conducted between
iodine status and treatment success as this is a more objective
measure of exposure and would reduce the bias inherent in a
comparison of LID advice alone. Ablation success should be defined
using thyroglobulin measurements and neck ultrasound as recom-
mended in the latest international guidance as it offers a more
complete assessment than using a response-evaluation WBS
alone.> In addition, correcting for creatinine when examining
UIC is needed because it is influenced by many factors such as
urinary volume, fluid intake, time of collection, and renal and
thyroid function.8®

People may feel that failure to follow the diet might result in
recurrence.’® However, this review has shown there is only minimal
evidence of questionable quality (both abstracts) that examined the
long-term recurrence of DTC. As such, we do not yet know the effect
of iodine status/LID advice on long-term recurrence of DTC.
Mortality rates have also yet to be reported. Future studies may
want to consider this long-term follow-up.

If future studies demonstrate that iodine status impacts RAIT
success, it is important that LID guidelines in terms of duration and
stringency are standardized within locations of similar iodine
consumption and cultural dietary factors. Countries where consump-

tion of iodine-rich foods is common such as Korea, Japan, and Canada

will require more stringent guidelines compared to those with a lower
iodine status such as the UK. A key consideration will also be the

delivery of this information.

5 | CONCLUSION

This review suggests that a LID reduces iodine status, but there is
not sufficient high-quality evidence to determine the benefits of
iodine status/LID on treatment success. It offers healthcare
providers an insight into how consuming a LID may affect their
patients and, despite being advised as a short-term dietary
intervention, highlights the challenges for patients that this diet
can present. The lack of a robust evidence base on which
healthcare providers can advise their patients regarding the use
of a LID before RAIT means that patients may be asked to make
unnecessary and disruptive changes to their diet at an already
stressful time. The question remains as to whether low iodine
status is beneficial to treatment success, and high-quality studies

are needed to address this.
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