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Why lodine Matters: lodine Deficiency Disorders (IDDs)

lodine is essential for thyroid hormone synthesis (T4, T3), metabolic regulation,
and normal brain and physical development.
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IDDs impair cognitive development, physical growth, and maternal-fetal health —
making iodine sufficiency a continuing public health priority.
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Adapted from: Iodine Global Network 2022 - https://ign.org Zimmermann & Andersson Eur J Endocrinol. 2021

A public health success story
Assessed by MUI in school-age children (SAC) Studies conducted in 2005-2021
The number of countries with insufficient iodine status down from 113 in 1993 to 21 in 2021.

Gathered data 2005-2021



The 2021 Global Scorecard: A Victory, But Not Complete

lodine intake
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Adapted from lodine global network-2021

The Progress

Number of countries with
insufficient status dropped from
113 (1993) to 21 (2021).

The Persistent Threat

1.9 billion

individuals globally continue
to experience inadequate
iodine intake.

285 million

school-aged children remain at risk
of goiter, hypothyroidism, and
neurodevelopmental impairrzuents.
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Two Decades of Sustained Population Sufficiency

Historical Median Urinary lodine Concentration (mUIC) - Iran
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Delshad H, Azizi F. Review of lodine Nutrition in Iranian Population in the Past Quarter of Century. Int J Endocrinol Metab. 2017

2014
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Consistent goiter
prevalence <5% and
mUIC maintained
perfectly within the WHO
recommended 100-299
Hg/L range for the general
population.

/

Vital Threshold



The Vulnerability Gap: A Global Divergence in Public Health

#%Cca - Vulnerability Gap Matrix .77
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General Population Pregnant Women
(100 pg/L Target) (150 pg/L Target)

A
Countries Countries
1 49 Adequate 23 Adequate
20 Insufficient
w

Even in nations with flawless universal salt iodization, pregnant women often

slip into deficiency. Iran is not immune to this global divergence.

Adapted from lodine Global Network, 2022 7




Prevalence of lodine Deficiency in Pregnancy

= S
Il Moderate iodine deficiency (UIC 20-49 pg/L)
I Mild iodine deficiency (UIC 50-99 pgiL)
[ ] Adequate iodine nutrition (UIC 100-299 pg/L)
Il Excess iodine intake (UIC=300 pg/L)

ﬁzb;;gm' datas lodine Status in the World in 2013

EN. Pearce, M Andersson, and MB. Zimmermann. Thyroid 2013,23(5):523-528.
Caldwell KL: Thyroid, 2013, 23: 927-937

JCEM 2013;98(9):3694-701.

Endocrinol Nutr. 2009; 56(1):9-12. Thyroid. 2009; 19(2):157-63.

Clin Endocrinol (Oxf). 2009, 70(5):776-80.

J Clin Endocrinol Metab.1992, 75(3):800-805.



Pregnant Women Need More lodine Intake

Maternal Increased
lodine maternal
transfer to renal iodine
~ thefetus = clearance
Increased \b a Increased
maternal T4 ?yp.e 3
production by Increased deiodinase
~50% | Io.dine  activity
requirement
- Inmother
s i

Limitations in salt consumption

1. High BP, gestational
hypertension or preeclampsia

2. Fluid retention

3. Increased risk of preterm birth
4. Impaired kidney function

5. Fetal growth restriction

Other factors

1. weight gain during pregnancy
2. number of previous pregnancy
3. interval between pregnancies
4. Non-planned pregnancy

Pregnant women are at the highest risk of severe consequences of iodine deficiency:

pregnancy loss, poor fetal brain and cognitive development of their children

Clinical obstetrics and gynecology 2019



The Scientific Imperative: ATA and WHO Guidelines

Guideline Alignment Table

Adults (>12y): 150 pg/day requirement.

Pregnant & Lactating Women: 250-300 pg/day requirement
(Upper limit: 500-1100 pg/day).

<) The ATA Prescription

All women planning pregnancy, pregnant, or breastfeeding
should supplement their diet with a daily oral supplement
containing 150 pg of iodine, optimally starting
3 months prior to conception.

Alexander EK, et al . 2017 Guidelines of the American Thyroid Association for the Diagnosis and Management of Thyroid Disease During Pregnancy and the Postpartum. Thyroid. 2017.
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This was followed by implementation of the iodine supplementation
program in pregnant women in 2017



The lodofolic Intervention (2017-2019):
A Proven Proof of Concept

The Policy - 2017

Mandatory lodofolic
initiative:
= Folic Acid +

150 pg lodine in
Trimester 1;

= Multivitamins +
150 ug lodine in
Trimesters 2 & 3.

>

188.6 Hg/L

Maternal mUIC
(2019)

Maternal mUIC
(2013)

il

A highly successful intervention that virtually
eliminated isolated hypothyroxinemia.

The blueprint for success already exists.

\.

13

Delshad H,et al. lodine supplementation for pregnant women: a cross-sectional national interventional study. J Endocrinol Invest. 2021
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Parameter The 15T Survey The 24 Survey
yvay 1397

Median UIC (ug/L)

87 188

Mean T4 (ug/dl) 119 10.8
Mean TSH (mIU/L) 59 >
|Isolated 1% 0.6%

hypothyroxinemia

14
Delshad H,et al. lodine supplementation for pregnant women: a cross-sectional national interventional study. J Endocrinol Invest. 2021
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Norway

Germany

e Past Success:
Historically relied on
seafood.

e The Modern Threat:
Intake declining.

e Qutcome: Mild

e Past Success: Yes.

e The Modern Threat:
High reliance on
processed foods;
Industry uses
uniodized salt.

deficiency re-emerging. | ® Outcome: Intake

dropping.

—*—

A Global Phenomenon: The Relapse of lodine Deficiency

International Relapse

Einland

Vietham

e Past Success:
Decades of perfect USI.

e The Modern Threat:
Drops in milk and salt
consumption.

e Qutcome:
Re-evaluating
strategies.

e Past Success: Once
successful USI.

* The Modern Threat:
Program lapsed.

e Qutcome: Rapid
relapse.

No country can maintain IDD elimination on autopilot.
The environment changes; our policies must adapt.




The 6th National Monitoring Survey (2022-2023)

EEC  Autnority BIUCHNR  Warning CrimsOTIgg
. o i &
$

o | 112217 2,929

. Schoolchildren Pregnant Women
31 Provinces (ages 8-10) (equal provincial quotas)
(Complete National Coverage)

{ a " . '
Evaluation Scope
Urinary lodine lodofolic/supplement Factory-level Household salt
Concentration (UIC) adherence salt iodine storage practices
\. S

17



Households iodized salt consumption: 91.5%
Refined consumed salts: 79%

Stored appropriately (dark containers or original packaging: 54%

lodine Content of Household Salt lodine content at production level
* 1538 families * 52 factories
* The median: 31 (IQR: 16, 37) * The median:
pPpm 33.8 ppm (IQR: 27.7, 42.3)
* 30.6% < 20 ppm e Range: 29.6 to 42.3 ppm

* 50.9% :20-40 ppm
* 16.4% > 40 ppm
* 21.8% <10 ppm

18



The General Population Remains Sufficient

(But Trending Down)
133 Hg/L

Distribution of Urinary lodine Categories
(95% CI) for Schoolchildren
Current Median UIC for Schoolchildren
(safely within the 100-299 pg/L

WHO target).

67.7%

Proportion of children >100 pg/L.

64.6%

Vital Threshold

d
o
o

Proportion (%)
S
b

)
i

o
1

<50 50-100 100-300 >300
Urine lodine Category

Mehran L, et al. Beyond Salt lodization: Sustained Population Sufficiency and Recurrence of lodine Deficiency in Pregnant Women in Iran. Thyroid. 2026
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CLINICAL PUBLIC HEALTH DASHBOARD

HISTORICAL MUIC TIMELINE: 1989-2023 (IRAN)

250
205 pg/L
e I 200
R
T O
o
>
@ 5 . 133 pg/L
Cc
g g j WHO Sufficiency Threshold (100 pg/L)
= 5 100 (oo g - o S v o= o = o o 0 e o o e o SIS e o o o o o o o o o o o 0 o ot o . 0 o O 0 o B 0
%’ = Iran becomes the first
O 8 50 Middle Eastern nation
= declared IDD-free by WHO
0
1989 1996 2000 2023
Pre-intervention Massive leap following Gradual slide down
baseline mandatory Universal Salt
lodization (USI) law YEARS

The mandatory USI program eradicated endemic goiter, but over the last

two decades, population safety margins have slowly eroded.




THE PARADOX: POPULATION SAFETY VS. MATERNAL VULNERABILITY

SCHOOL-AGED CHILDREN

= WHO Target MUIC: 100 pg/L _

¥

41l Actual MUIC: 133 pg/L

Q Status: SUFFICIENT

Critical Risk: Only 9.5% below severe
! threshold (< 50 ug/L)

WHO Target MUIC: 150 pg/L

Actual MUIC: 128 pg/L

Status: DEFICIENT

Critical Risk: 61.2% fall below target
(<150 pg/L)

Synthesis: The physiological demands of pregnancy are no longer being met by dietary

salt alone. The general population is thriving, but the maternal safety net is failing.




E— — Ll g
e e The Red Flag: The Resurgence of Maternal lodine Deficiency
Survey (2022-2023), Iran.

150 pg/L WHO Safety Target 61.2%
60+ E—— =S
38.8%
50~
407 128 g/L

keaa (Median UIC for Pregnam Women) Below Safety Target ~ Above Safety Target
: (<150 /L) (2150 pg/L)

Percent

1

128 pglL 61.2% 34.4%

Fails the WHO 150 pg/L Percentage failing to meet Dangerously low:
threshold. the safety threshold. <100 pg/L

<100 100-149150-249250-499 >=500 Despite the existence of the lodofolic program, systemic failures have allowed

UIC (ng/L) moderate iodine deficiency to re-emerge in our most vulnerable population.

Mehran L, et al. Beyond Salt lodization: Sustained Population Sufficiency and Recurrence of lodine Deficiency in Pregnant Women in Iran. Thyroid. 2026
24
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Root Cause Diagnosis: The Consumer Shift

Dietary & Processing Shifts Information & Cultural Shifts
Blood Pressure Management — Widespread Algorithmic Misinformation — Social media
push for overall salt reduction. aggressively marketing “natural” alternatives.

primarily with chieaper, non-iodized sat: by uniodized Sea Salt, Pink Salt, and Rock Salt

Cooking Methods — Increased microwave Glsguiselc:as pramikmhialth protucts.

-> i —
Processed Food Reliance — Manufactured o  The "Health” Halo— The dangerous rise of
m cooking chemically degrades existing iodine.

Depleted

Daily lodine
Intake

28



Diagnosing Root Cause 1: The Salt Supply Chain “Leakage”

Production Level:
33.8 ppm (Adequate)

MASSIVE LEAK:
House.hold 30.6% of household
Reality: ‘ ‘ salt tests <20 ppm;

31 ppm median 21.8% tests <10 ppm.

Storage Failure: Dietary Shifts:

Only 54% of salt is stored Social media misinformation is
properly in dark driving the substitution of
containers/original iodized salt with non-iodized

packaging. Light and sea, rock, or Himalayan salts.
moisture destroy iodine.

29



Root Cause Diagnosis: The Factory Squeeze

The Economic Friction

Surging costs of potassium
iodate squeeze manufacturer
margins, directly reducing the

incentive to maintain strict 30-
40 ppm iodization standards.

—

Factory Output

Median iodine content leaving
the factory is 33.8 ppm
(barely meeting minimums
before transit degradation).

The Oversight Gap

Systematic, routine sampling
and strict standard
enforcement at the factory
level have measurably
decreased compared to the

previous decade.
—

Conclusion: Production incentives and oversight mechanisms have simultaneously

weakened, creating a critical point of failure at the manufacturing stage.



The Compounding Deficit Equation

Supply Chain Reality

Bare-Minimum
Factory Output
(33.8 ppm)

Vulnerable to transit

degradation and lax oversight.

Behavioral Reality

Avoidance &
Substitution

Non-iodized sea salts,
processed foods, and
overall salt reduction.

The Re-Emergence
of lodine Deficiency

The safety net has failed at both
the manufacturing floor and the
dining table. Interventions must
address factory economics and
public health messaging
simultaneously.

31



CLINICAL PUBLIC HEALTH DASHBOARD

Diagnosing Root Cause 2: Supplementation Disparities

Regional Supplementation Disparities vs. National Average

The Iodofolic Loophole

combined iodofolic due to
budget constraints. This

2 :
E’ _ Alborz: 84%
é 88.9% The Ministry of Health allowed
P : provincial authorities to choose
g 88.6% between standard folic acid and
Kohgiluyeh and - fragmented policy fractured the
Boyer-Ahmad: 28.6% national defense line, leaving
pregnant women in underfunded
Bushehr: 14.3% - provinces entirely exposed to

iodine deficiency.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Mehran L, et al. Beyond Salt lodization: Sustained Population Sufficiency and Recurrence of lodine Deficiency in Pregnant Women in Iran. Thyroid. 2026



CLINICAL PUBLIC HEALTH DASHBOARD

Synthesis Arc: The Provincial Vulnerability Matrix

100%
90%
80% ~ » - SAFE ZONE
70% (High Salt + High Supplements)
60%
50%

40% | —
30% - CRITICAL

.| INTERVENTION ZONE
(Qompounded Failure)[ o-

|
0 5 10 15 20 25 30 35 40
Median Household Salt lodine (ppm) -

lodofolic Supplement Adherence (%)

10% |

0%



Clinical Nuance: Re-evaluating the WHO Threshold?

Weight of Evidence
Emerging Global Data The Iranian Reality
Recent studies (China, UK) suggest Even if 100 pg/L is accepted as the
a MUIC of 100-140 pg/L during absolute biological floor, 34.4% of
pregnancy may not cause adverse » pregnant women in Iran are
neurodevelopmental outcomes. currently testing below 100 pg/L.

The 150 pg/L WHO cutoff could be

overly conservative. A CRITICAL RISK
h
W

CONCLUSION: Academic debate over the 150 pg/L threshold is irrelevant to
the 34% of pregnant mothers currently facing definitive, severe clinical risk.

Luo et al., “Maternal lodine Status During Pregnancy and Child Neurodevelopment: A Systematic Review and Dose-Response Meta-Analysis of Prospective Cohort Studies.,” Nutrients 34
Verhagen et al. (2020). lodine Supplementation in Mildly lodine-Deficient Pregnant Women. Frontiers in Endocrinology



Clinical Indicator: Congenital Hypothyroidism Alert in Lorestan
A direct biomarker of active rising threat of irreversible neurodevelopmental damage in newborns

7.1 per 1,000 births
(2023)

-
-
(=]
=
S
-
5
o
o
@
o
c
(]
-
o
&

5.2 per 1,000 births
(2021)

The rise in CH is not an abstract metric;

Itis directly reflects disruption in the Historical evidence: In 1988
“mother-fetus—newborn” chain. Hormone (before iodization),recall rate was over 5%.
deficiency in the first trimester can cause History is repeating itself.
irreversible cognitive and motor outcomes.

Mehran L, Amouzegar A, Azizi F. No. Iranian Journal of Endocrinology and Metabolism 2026
Zamani N, et al. Investigation of the Incidence of Congenital hypothyroidism and Its Associated Factors in Lorestan Province from 1400 to 1402. Ir Journal of Endocrinology and Metabolism 2026
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CLINICAL PUBLIC HEALTH DASHBOARD

IOdized Salt ACtion Plan Quality control + protected packaging + public awareness

Policy Recommendation 1: Supply Chain & Monitoring

« £

SYSTEMIC MONITORING PACKAGING PROTECTION PUBLIC AWARENESS
Reinstitute factory-floor spot Standardize light- and Counter misinformation
testing moisture-proof packaging about pink/sea salt
Aggressive, systematic checks of potassium Require UV-resistant, moisture-proof Launch targeted education campaigns
iodate levels with strict 30—40 ppm consumer packaging to prevent against non-iodized specialty salts marketed

enforcement. as “healthy "

household iodine degradation.

KEY PUBLIC MESSAGE
Use less salt to protect your heart — and when you use salt, choose iodized salt

to protect your child’s brain.

. . . o . . . - e . . ; .38
urce: Mehran L, et al. Optimizing lodine Sufficiency in the Community and Among Pregnant Women: Rationale, Monitoring Strategies, and Supplementation Policies—A Policy Brief. Iranian™Journa
f Endocninology and Metabolism, 2025,



CLINICAL PUBLIC HEALTH DASHBOARD

Policy Recommendation 2: Maternal Supplementation

The Universal Early Intervention Targeted
Mandate Timing Deployment

fh X o9 MR

Eliminate the provincial
budget loophole. Re- Shift distribution
establish combined protocols to ensure

Route emergency
educational and supply
resources immediately to
bottom-quartile ‘Critical

lodofolic iodofolic is provided
supplementation as a immediately in the first
federally funded, trimester, protecting the Intervention Zones' (e.g.,
mandatory standard, critical window of fetal Bushehr, Tehran, Qom).
replacing standalone brain development.

folic acid.

Mehran L,et al. Optimizing Iodine Sufficiency in the Community and Among Pregnant Women: Rationale, Monitoring Strategies, and Supplementation Policies—A

Policy Brief. Iranian Journal of Endocrinology and Metabolism 2025 39
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-

Universal Salt lodization 1s the
foundation, but it is no longer enough
ocr most vulnerable.

To protect the cognitive future of the next generation,
we must modernize our supply chain and mandate
universal maternal supplementation immediately.

i X



Securing the Future: Home Messages

The relapse of iodine deficiency is a silent, immediate threat to
national cognitive development. The data is clear; the time
for passive monitoring has passed.

@ Vital Threshold

Reinstating universal lodofolic supplementation and rigorous factory-level
USI enforcement are not discretionary expenses; they are high-ROI in the
intellectual capital of the next generation.

Final Statement: We eradicated endemic goiter in the 1990s. We have

the blueprint, the infrastructure, and the science to protect our
mothers today. The choice is action.
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Policy Recommendations: A Targeted Action Plan (ildes ol dids : il glaslyiiv)

WHO threshold

Macro
(National Policy)

Micro

(Provincial/
Household)

Action Matrix

Regulatory/Monitoring

Education/Awareness

(

Mandatory lodofolic Supplementation.

Re-establish unified national funding and

mandatory distribution of combined

lodofolic (150 pg) starting 3 months
_pre-conception.

\

(
Rapid-Response to Misinformation.
National campaigns with scientific
bodies to counter sea salt myths
(Fa,u_los_Sai#).

.

-

Stricter Production Monitoring.
Enhance quality assurance at salt
factories and retail storage to prevent
iodine degradation (<20 ppm).

o

~

Targeted Provincial Interventions.
Focus resources on high-risk provinces
(e.g., Bushehr, Sistan and Baluchestan)
to improve local supplement adherence.

N
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Criteria for Assessing Iodine Nutrition 1n Pregnant Women

=500 Excessive
250~499 More than adequate
150~249 Adequate
100-149 Mild insufficient
50-99 Moderate insufficient
<50 Sever insufficient

WHO. 2011
49



The median urinary iodine concentration for
classification of the iodine status of pregnant and
lactating women and children

Subjects _____|__UIC (ug/) Category

Pregnant women <150 Insufficient
150-249 Adequate

250—-499 More than adequate
= 500 Excessive
Lactating women < 100 Insufficient
= 100 Adequate
Children < 2 years old < 100 Insufficient
= 100 Adequate

10

WHO, United Nations Children’s Fund, and ICCIDD. 3rd ed. Geneva, Switzerland: 2007.
Azizi F, et al. Clin Endocrinol 2009; 70: 803-809. =



No Association Was Found Between Mild lodine Deficiency During
Pregnancy and Pregnancy Outcomes: a Follow-up Study Based

on a Birth Registry

Xueying Cui' - Huiting Yu' - Zhengyuan Wang' - Hai Wang?- Zehuan Shi' - Wei Jin' - Qi Song' - Changyi G
Hongmei Tang? - Jiajie Zang'

« UIC of 50 to 100 ng/L
moderate nsuftficient; UIC of
100 to150 muld insufficient.

* The mcidence of pregnancy
termination, preterm  birth,
congenital malformations,
low  birth  weight, and
cesarean section did not differ
significantly

| identification |

J

Eligibility

1706, 1620 and 1612 pregnani women
from IDD monitoring program in
Shanghai (n =4938)

4803 pregnant women {rom the cobort which
evaluaie the relatonship beiween iodine and the
offspring health in Shanghai {n=48035)

Included

Participants in total
in =9743)

Participants Participants lost follow-up
(n =8706) (n=1437)

L4

Records excluded: Delivered

Partcipants or wenl outsade Shanghan

(n =8306) * (n =478
Muother bearing Twins or

miplets (n=1235)
L
Participants Included in Termination of
) o O th"\-
analysis | " ’ ( ..h::r ’
n=.
in =TT03)

Participants Included in
analyss 2
(n =T435)
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W Ailygy Cdl 40 ol do gy woldeo

Age group Daily requirement Tolerable upper
level
Preschool children 90 pg/day 200 pg/day
Schoolchildren(6-12 y) 120 pg/day 300-450 pg/day
Adult (>12y) 150 pg/day 600-1100 pg/day
Pregnant & Lactating ) )
women 250-300 pg/day 600-1100 pg/day

https://emedicine.medscape.com/article/122714-guidelinesttshowall
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The Synthesis: USI is the Floor, Not the Ceiling
___ Corelnsight

Targeted Supplementation Universal Salt lodization

- — > ‘ remains the vital foundation
¢ Modern Dietary/Economic Leaks <. [ BRI ULl

i S 2 > | due to biological pregnancy
demands, economic supply

. . - leaks, and cultural dietary
Universal Salt lodization shifts, it can no longer act as
ceiling for maternal health.

" Policy Mandate

We must legally untangle iodine from folic acid in provincial budgets.
Mandate and fully fund the combined lodofolic supplement for all pregnant
women, eliminating the cheaper, incomplete folic-acid-only loophole.
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¢ Clinical indicators

-Goiter size (palpation, US)

- Cretinism

* Biochemical indicators

- Urinary iodine concentration

- Blood constituents (TSH, Tg)
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