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ABSTRACT

Background and Objectives: This study aimed to explore the correlation between
population-based iodine intake from iodized salt (iodine-IS) and thyroid cancer (TC)
incidence. Methods and Study Design: The TC incidence data were collected from the
annual reports issued by China’s National Central Cancer Registry. The iodine-IS data were
extracted from the National lodized Salt Surveys and National IDD Surveys (NIDDs). The
time lag effect of iodine-IS on TC incidence was examined by using a polynomial distributed
lag (PDL) model. Results: Iodine-IS consumption peaked in 1999, declined to approximately
60% of 1999 in 2018, but remained close to 142.2 ug/person/day. After 2000, TC incidence
increased notably on an annual basis. lodine-IS and the age-standardized rate adjusted to the
world population of TC incidence were significantly negatively correlated (p<<0.05). The PDL
model revealed that iodine-IS had a significant 6-year time lag effect on TC incidence
(»<0.05). Conclusions: Iodine nutrition, as indicated by iodine-IS, exhibited a steady decline.
The population-based iodine-IS was adequate, however, TC incidence continued increasing.
Although the 6-year cumulative effect of iodine-IS was considered, a negative correlation
between iodine-IS and TC incidence was observed. lodine-IS may not be a major risk factor
for TC because universal salt iodization is maintaining adequate iodine nutrition in the
population. The increasing TC incidence 'may reduce public willingness to consume iodized

salt.
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INTRODUCTION

Thyroid caneer (TC)-incidence has been on the rise in most countries such as South America
and Australia, especially in women.! In China, the incidence tripled between 2005 and 2015.?
This increase is partially attributable to the widespread application of improvement in the
precision of ultrasound technologies for detecting thyroid nodules.® The growth in iodine
intake also constitutes a potential factor.> After universal salt iodization (USI) was achieved in
1994, iodine deficiency disorders (IDD) have been controlled in China and continually
managed since 2004.* However, household-level consumption of adequately iodized salt has
notably declined. In Shanghai and Tianjin, the household-level coverage does not exceed 90%
as recommended by WHO/UNICEF/the International Council for the Control of lodine

Deficiency Disorders (ICCIDD) because of residents’ belief that excessive iodine intake



caused by the consumption of iodized salt may lead to the development of TC.>”” Moreover,
iodine intake among women (including pregnant women) is lower than the median urinary
iodine concentration (mUIC) of 150 pg/L recommended by WHO/UNICEF/ICCIDD.
Recently, Fan et al collected data from the 2018 Annual Report to the Nation on the Status of
Cancer and the 2018 National lodine Deficiency Disorders (IDD) surveillance, observing that
appropriate iodine intake can reduce TC incidence by the cross-sectional study.” However, it
is well known that the impact of certain factors on the incidence of cancer cannot be assessed
in cross-sectional studies; the longitudinal time horizon and the cumulative effect must be
considered. To overcome this problem, the present study used an econometric. model for
analysis. The abundance of systematic data that China has collected from Cancer Registry
Annual Reports (CRAR) since 1988 and from the National lodized Salt Surveys (NISSs) and
National IDD Surveys (NIDDs) since 1995 enable the examination of population-level
association. The present study revealed an association between the population-based iodine
intake from iodized salt (iodine-IS) and TC incidence and analyzed the time lag effect

between them.

MATERIALS AND METHODS

TC incidence

TC incidence data were sourced from CRAR, reports published by the National Cancer
Center (NCC), including the 7993—1997 volume and 1998-2002 volume and annual volumes
since 2003. Following the method used by Sun,'” we formulated a regression equation to
estimate the annual age-standardized rate of TC from 1993 to 2002 according to the age-
standardized rate adjusted to the world population (ASRW). The ASRW of TC after 2003 was
taken directly from the CRAR issued by the NCC. The actual observation period was from
1995 to 2015. The diagnostic criteria of TC from 1993 to 1997 and after 1998 were based on
those outlined in the [International Classification of Diseases, 9th Revision and the
International Classification of Diseases, 10th Revision, respectively, as cited by the NCC.
Various types of TC, such as papillary TC, were not within the scope of this study because the

available data did not provide sufficient detail.

Iodine-1S

lodine-IS, defined as population-based iodine intake from iodized salt, was calculated from
the national iodized salt sale (ISS), the population covered by the surveyed area (SP), the
national population (NP), and the salt iodine concentration (SIC). The ISS, SP, and NP data



were extracted from the statistical yearbook issued by the National Health Commission of the
People’s Republic of China, with 2003—-2018 as the observation period. The SP data from
1995 to 2002 were fitted on the basis of the actual proportion of the SP during the observed
period. The ISS before 2002 was calculated according to the daily salt intake level per person
(DSI). According to the 1992 and 2002 statistical yearbooks, the DSI was assumed to be 13.9
g/person/day in and before 2001 and 12.0 g/person/day in 2002. It was calculated as follows:

ISS (g) = DSI (g/person/day) * NP * 365 ------------- Equation 1

where 365 was taken as the number of days in each year.

The SIC data were collected from the NISSs (1996-2011) or NIDDs (1995, 1997, 1999,
2002, 2005, 2011, 2014, 2017, 2018). Specifically, the SIC was determined from the median
or mean concentration of iodine in iodized salt, with the mean used~as a replacement for
missing data. The SIC missing data (1996, 1998, 2000, 2001, 2003, and 2013) were calculated
on the basis of the neighboring year. We supposed that the iodine intake level of the
uncovered population in the NISSs and NIDDs data was adequate, and the iodine-IS was
calculated according to the 150 pg/person/day WHO/UNICEF/ICCIDD recommendation.® In
addition, iodine loss from iodized salt during transport from the production site to the
household was estimated to be approximately 20%, as was the percentage lost in cooking
(before consumption).® Equation 2 contains equation 1, as follows:

lodine — IS (pg/person/day) = <[(ISS (kg) * SIC (mg/kg) * 1000 + (NP-SP) * 15
O(ng/D/per) * 365)] / (NP*365) > * 60%------- Equation 2

where the 60% term accounts for the 40% loss of iodine from iodized salt between

production and consumption. Furthermore, 365 was taken as the number of days in a year.

lodine intake in school-aged children: mUIC
The data on:the mUIC of school-aged children were extracted from the NIDDs (1995, 1997,
1999, 2002, 2005, 2011, 2014, 2017, 2018).

Time lag effect of iodine-1S on TC incidence
The lag effect was examined by using a polynomial distributed lag (PDL) model, which is
suitable for determining the effect of a single independent variable on a single dependent
variable. The general form of the PDL model is as follows:

Yi= o+ foXi+ fiXer + -+ + fiXek + 11

where X and Y denote the independent and dependent variables, respectively; & is the lag

order; a is a constant; S is the lag coefficient; y is the error; and 7 is the time series.



The PDL model was visualized by using the polyDIm function in the dLagM package in R
4.0.2 software. lodine-IS and the ASRW of TC incidence were the independent and
dependent variables, respectively. We supposed that TC incidence was not only affected by
the level of iodine supplementation during the same period but also by the cumulative effect
of iodine supplementation over the past few years (the reference manual is available at
dLagM.pdf. https://CRAN.R-project.org/package=dLagM). The command code is as follows:

# Load package “dLagM”

> install.packages(“dlagm”)

> library(dLagM)

> data(datal)

# Finite polyDIm. (n represents the lag time, n=3,4,5...(n>k))

> model.poly = polyDIm(x = datal$iodine intake, y = datal$TC incidence ,q=n, k=2,
show.beta = TRUE)

# Generate AIC and displays sorted AIC

> aic = AIC(model.poly$model)

> sortscore(aic , score = "aic")

Statistical analysis
The Shapiro.test() and cor() functions in R were used to perform the Shapiro—Wilk normality
test!! and correlation analysis, respectively, with the level of significance set at p<0.05. The
Shapiro—Wilk test revealed that the ASRW of TC incidence was completely nonnormally
distributed. A normal distribution was noted after the natural logarithmic transformation was
accepted (p>0.05).

We used a second-order polynomial to determine the optimal lag time according to the
Akaike information eriterion (AIC), adjusted 72, and the p-value of the lag coefficient.'> The
optimal model was defined as that in which the AIC and adjusted 7* were minimized and

maximized, respectively, with the p-value of the lag coefficient below 0.05.!?

RESULTS
lodine-1S, and mUIC of school-aged children
Iodine-IS, and mUIC of school-aged children were significantly positively correlated (=0.94,

£<0.05).

lodine-1S and ASRW of TC over time



Iodine-IS peaked in 1999 and declined to approximately 60% of the 1999 in 2018. Compared
with 20 years ago, the TC incidence increased by about 5 times in 2015. The results were

presented in Figure 1.

Iodine-1S and ASRW of TC
Iodine-IS and the ASRW of TC were significantly negatively correlated (p<0.05; Table 1).

lodine-1S and ASRW of TC across genders
Iodine-IS and the ASRW of TC were significantly negatively correlated between men and
women (p<0.05; Table 1).

Time lag effect of iodine-1S on the ASRW of TC

In the sixth year, the AIC and adjusted 7* were the lowest and highest, respectively (p<0.05;
Figure 2); the optimal results were observed when assecond-order polynomial and 6-year lag
were used. The results indicated that the effect of iodine-IS on the ASRW of TC could be

maintained for 6 years (Table 2).

Time lag effect of iodine-1S on the ASRW of TC across genders
Optimal results were observed when a second-order polynomial and 6-year lag were used

(Table 2).

DISCUSSION

The mUIC of school-aged children can be used to represent iodine nutrition in the population.
In the present study, iodine-IS was significantly correlated with mUIC, suggesting that iodine-
IS was indicative of population iodine status in the same period.

As mentioned, China achieved USI in 1994. The upper limit of SIC, adjusted from 40
mg/kg in. 1994 to 60 mg/kg in 1996, was lowered to 50 and 39 mg/kg in 2000 and 2012,
respectively, as a means of reducing the risk of excessive iodine intake. The present results
indicate that iodine-IS peaked in 1999 and declined to approximately 60% of the 1999 in
2018. Nevertheless, it remained close to the WHO/UNICEF/ICCIDD recommendation.®
Similarly, the NIDDs revealed that iodine nutrition was adequate in the population, as
indicated by an mUIC between 100 and 299 pg/L in school-aged children.'*

After 2000, TC incidence increased notably on an annual basis under iodine adequacy.

Although the 6-year cumulative effect of iodine-IS was taken into account, a negative



correlation between the iodine-IS level and TC incidence was observed. The clear increase in
TC incidence may influence the public’s willingness to purchase and consume iodized salt.

The relationship between iodine nutrition and TC is U shaped.'® Both iodine excess and
iodine deficiency are associated with TC, with papillary and follicular TCs being particularly
strongly correlated with excess and deficiency, respectively.!® Regardless of the
implementation of salt iodization, an increasing trend in TC incidence is observable in most
countries. Salt iodization has not yet been implemented in Japan and South Korea. By contrast,
it is mandatory in China and Switzerland.!” The continued increase in TC incidence might be
correlated with improvements in diagnostic techniques as well as with overdiagnosis.!® A
Danish study reported a significant increase in TC incidence and an increase in the incidence
of papillary TC before and after the implementation of salt iodization; tespectively.'® In the
present study, the increase in TC incidence over the observation period occurred during a
period of iodine adequacy in the Chinese population. Although the cumulative effect of
iodine-IS was considered and despite the reduction.of iodine-IS, TC incidence continued to
increase over the observation period. Iodine intake was not the most pivotal factor responsible
for this upward trend in TC incidence.

This study has several limitations. First, we assumed iodine adequacy in the population in
the areas not addressed in the NIDDs, and the population was not grouped. Second, we did
not take into account sources of iodine supplementation other than iodized salt. Third,
because of the limitations of the available data, we examined only one of the numerous
factors related to TC incidence: Fourth, various types of TC, such as papillary TC, were not
assessed because data of sufficient detail were not available. Finally, the stability of the PDL
model, which involves econometrics, may have been affected by the fact that only one
independent variable, iodine-IS (for which relatively scant data were available) was

considered.

Conclusion

Iodine intake from iodized salt consumption, as assessed by using iodine-IS, decreased
gradually over time. Although iodine nutrition in the population was adequate, TC incidence
continued increasing over time. Although the 6-year cumulative effect of iodine-IS was
considered, a negative correlation between the iodine-1S level and TC incidence was observed.
lodine-IS may not be a major risk factor for TC because USI is maintaining adequate iodine
nutrition at the population level. The observable increase in TC incidence might reduce the

public’s willingness to consume iodized salt.
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Table 1. Correlations between population-based iodine intake from iodized salt (iodine-IS) and the age-
standardized rate adjusted to the world population of thyroid cancer incidence

Variables

Pearson r p
Todine-IS: LN Men -0.571 0.007
TIodine-IS: LN Women? -0.603 0.004
Iodine-IS: LN Total® -0.564 0.008

fLN_Men: the natural logarithmic transformation was accepted for the age-standardized rate adjusted to the world population

(ASRW) of thyroid cancer (TC) incidence in men.

YLN_Women: the natural logarithmic transformation was accepted for the ASRW of TC incidence in women.
SLN_Total: the natural logarithmic transformation was accepted for the ASRW of total TC incidence

Table 2. Time lag effect between population-based iodine intake from iodized salt (iodine-IS) and the age-
standardized rate adjusted to the world population of thyroid cancer incidence

Variables Lag time (years) AIC Adjusted R-squared p

Todine-IS: LN Men 6 -23.1 0.964 0.000
TIodine-IS: LN Women? 6 -29.7 0.978 0.000
TIodine-IS: LN Total® 6 -29.3 0.975 0.000

fLN_Men: the natural logarithmic transformation was accepted for the age-standardized rate adjusted to the world population

(ASRW) of thyroid cancer (TC) incidence in men.

YLN_Women: the natural logarithmic transformation was accepted for the ASRW,of TC incidence in women.
SLN_Total: the natural logarithmic transformation was accepted for the ASRW of total TC incidence
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Figure 2. AIC results with varying lag times (years).
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