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Background: Iodine deficiency remains a public health concern, especially among vulnerable populations such 
as pregnant women. Despite global efforts to address iodine deficiency disorders (IDDs) through universal salt 
iodization programs, gaps in coverage and effectiveness persist in countries like Kyrgyzstan. This study evaluated 
the iodine status of pregnant women and the effectiveness of Kyrgyzstan’s national salt iodization program. We 
investigated sociodemographic factors associated with iodine deficiency. 

Methods: A cross-sectional study was conducted in Kyrgyzstan. Urine and salt samples were collected from 

a stratified random sample of 388 pregnant women to measure urinary iodine concentration (UIC) and iodine 
concentration in salt (ICS). Descriptive statistics, t tests and logistic regression were used. 

Results: Most salt samples had adequate ICS levels. Median UIC levels were adequate, but a significant share of 
insufficient UIC levels indicated widespread iodine deficiency. Urban residents showed higher UIC and ICS levels. 
Higher education and income levels were associated with better iodine status. Ethnic differences in UIC and ICS 
levels were observed. 

Conclusions: Despite Kyrgyzstan’s salt iodization program’s success, iodine deficiency remains prevalent among 
pregnant women, particularly in rural and lower-income groups. Targeted public health interventions, monitoring 
and tailored strategies are essential to improve iodine intake and reduce IDDs in these populations. 

Keywords: cross-sectional study, iodine deficiency disorders, salt iodization, sociodemographic factors, urinary iodine concentration. 
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Global Network on Iodine report progress in reducing IDDs, yet 
some populations remain underserved.2 Evaluations indicate 
that while the global burden has declined, disparities remain, 
including in Kyrgyzstan.3 , 4 Legislative measures, such as salt 
iodization laws, have significantly mitigated deficiencies. 
In 2024, 13.8% of Kyrgyzstan’s population consumed non- 

iodized salt, and 6.9% consumed insufficiently iodized salt 
( < 15 µg/g).5 Jalal-Abad (36.2%), Batken (18.6%) and Naryn 
(20.6%) regions had the highest rates. Previous studies revealed 
low median urinary iodine concentrations (UICs): 103 µg/L in 
pregnant women and 91.6 µg/L in breastfeeding women.4 Addi- 
tionally, iodine deficiency diseases affected 15.8% of school-age 
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ntroduction 

odine, a trace element vital for thyroid hormone production, 
s crucial for metabolism, growth and brain development. Its 
eficiency can cause a range of disorders, including goiter, 
ypothyroidism, impaired mental function and developmental 
nomalies.1 Iodine deficiency disorders (IDDs) remain a sig- 
ificant global health challenge, particularly in countries like 
yrgyzstan. 
Despite global efforts such as salt iodization programs, 

isparities persist in regions with limited iodized salt access, 
specially in developing countries. The WHO, UNICEF and the 
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children,6 emphasizing the urgency for targeted interventions,
particularly given their impact on fetal development. Sociocul-
tural and economic disparities between urban and rural areas
exacerbate deficiencies, necessitating comprehensive data for
informed public health action. 
This study aims to: 

1. Evaluate the iodine status of pregnant women in Kyrgyzstan,
comparing urban and rural populations. 

2. Assess the effectiveness of the national salt iodization pro-
gram in providing adequate iodine intake. 

3. Identify sociodemographic factors associated with iodine de-
ficiency to inform targeted public health interventions. 

By addressing these objectives, the study seeks to fill knowledge
gaps, inform policy and contribute to the global efforts to elimi-
nate IDDs. 

Participants and methods 
Study design 
A cross-sectional study was conducted to evaluate the iodine sta-
tus of pregnant women and the quality of the iodized salt they
use in Kyrgyzstan. Urine and salt samples were collected and cor-
related with sociodemographic characteristics. 

Study site 
Kyrgyzstan, a Central Asian country with seven administrative
regions, had a population of 6.936 million in 2022, comprising
65.3% rural residents, 51.4% women and 34.6% aged < 15 y.
The study was conducted from June 2021 to April 2022 across
all regions, including urban areas such as Bishkek and Osh, and
rural areas representing diverse socioeconomic characteristics.7 

Sampling method 
A multistage stratified sampling method was employed, strati-
fying the population into urban and rural areas. 
The sample size was calculated using Cochran’s formula for

cross-sectional studies, adjusted for a finite population size. The
calculation was informed by prior data on UICs from pregnant
women in Kyrgyzstan, where a median UIC of 103 µg/L (IQR: 68–
145) was reported.4 To achieve a 95% confidence level (Z = 1.96)
and a 5% margin of error (d = 0.05) for estimating the proportion
of women with insufficient iodine intake (assumed prevalence
*PV* = 50% for maximum variability), the initial sample size was
estimated as: 

n = Z2 · PV · ( 1 − PV ) 
d2 

= 1 . 96 2 · 0 . 5 · 0 . 5 
( 0 . 05 ) 2 

= 384 . 16 

This was adjusted for the finite population of pregnant women in
Kyrgyzstan (N ≈150 000) using: 

nadjusted = n 

1 + n 
N 

= 388 

Stratification by urban and rural residence further ensured
proportional representation across subgroups. 
2

Due to logistical feasibility and population density, urban
clusters were prioritized in the initial sampling stages to ensure
adequate representation from the more densely populated
urban areas. However, the study also included rural regions in
an effort to capture iodine status across both urban and rural
populations. Despite this, we acknowledge that the prioritization
of urban clusters could lead to an under-representation of rural
areas, where iodine deficiency may be more prevalent. This
could potentially skew the results and limit the generalizability of
our findings, especially when comparing iodine status between
urban and rural populations. 
One eligible participant per household was randomly selected.

The sample size was calculated using standard cross-sectional
study formulas and adjusted for a finite population size: 388
participants. 

Inclusion and exclusion criteria 
Pregnant women residing in the selected area for at least 1 y
who provided urine and salt samples were included. Excluded
were individuals with cognitive impairments or those living in the
area for < 1 y. 

Data collection instruments and procedure 
To assess dietary habits related to iodine intake, a semistruc-
tured questionnaire was used to determine the frequency
of consumption of iodine-rich foods. The questionnaire was
adapted from the food and agriculture organization of the
United Nation nutrition-related iodine deficiency questionnaire,8 
which is designed to capture dietary behaviors that may influ-
ence iodine status. The questionnaire included questions on
demographic and socioeconomic characteristics, health, as well
as the frequency of consumption of common iodine-rich foods,
such as dairy products, seafood, eggs and other iodine-fortified
foods. 
Specific questions included: 

- ‘How often do you consume seafood (e.g. fish, shellfish)?’ 
- ‘How often do you consume dairy products (e.g. milk,
cheese)?’ 

- ‘How often do you consume eggs?’ 
- ‘Do you regularly consume foods fortified with iodine?’ 

Responses were recorded in predefined categories, such as daily,
weekly, monthly or never. The data collected from these re-
sponses were then analyzed to estimate the intake of iodine-rich
foods and its potential impact on iodine status among the study
participants. 
The question ‘Have you ever been diagnosed with any io-

dine deficiency disorder?’ was included in the survey to assess
participants’ awareness of iodine-related health conditions.
However, it is important to note that the term ‘iodine de-
ficiency disorder’ may not be commonly recognized by the
general population. Therefore, this question was intended
to capture whether participants had received any medical
diagnosis related to iodine deficiency, such as goiter or hypothy-
roidism, which may have been discussed with their healthcare
provider. The responses to this question were self-reported
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nd may not necessarily reflect formal clinical diagnoses of 
DDs. 
The questionnaire also included questions regarding the 

upplement intake of iodine, specifically referring to vitamin 
nd mineral supplements containing iodine that were either 
rescribed or recommended to participants during pregnancy. 
hese supplements, often provided as part of routine prenatal 
are, are commonly used to address iodine deficiency or to 
nsure adequate iodine intake during pregnancy, especially in 
egions where iodine deficiency is prevalent. 
Participants were asked whether they had taken iodine- 

ontaining prenatal vitamins or supplements during their preg- 
ancy. The responses were categorized as ‘yes’ or ‘no’, and the 
requency and dosage of supplementation were not specifically 
ssessed in this study. 
A pilot study ensured clarity and reliability. Urine samples 
ere collected to assess iodine status. 

rine sampling and analysis 
idstream urine samples were collected in sterile containers, 
tored at 4°C and analyzed within 24 h using the Sandell–Kolthoff 
eaction to measure the UIC.9 WHO reference values categorized 
odine sufficiency.10 

alt sampling and analysis 
ousehold salt samples (50–60 g) were analyzed using iodo- 
etric titration as per state standards to measure the iodine 
oncentration in salt (ICS).11 Iodine content in salt was catego- 
ized as insufficient ( < 25 mg/kg), sufficient (25–55 mg/kg) or 
xcessive ( > 55 mg/kg).12 

tatistical analysis methods 
he collected data were analyzed via IBM SPSS 29.0 (SPSS 29.0, 
BM Corporation, Armonk, NY, USA). Descriptive statistics were 
sed to summarize demographic characteristics and UIC levels. 
edian UIC and ICS with 95% CIs were compared using Kruskal–
allis and Mann–Whitney U tests. These non-parametric tests 
ere chosen because the data did not meet the assumptions of 
ormality, as evidenced by Shapiro–Wilk tests for normality and 
isual inspection of data distribution. Non-parametric methods 
re more robust when the data are skewed or contain outliers, 
hich was the case with our variables of interest. 
We acknowledge that the use of non-parametric tests may 

imit statistical power compared with parametric alternatives 
uch as ANOVA or the Student’s t test. However, given the 
on-normal distribution of our data, non-parametric tests were 
eemed the most appropriate. In future studies, we will consider 
he application of parametric tests where appropriate, after 
onfirming the normality of the data, and may report effect size 
easures to provide a better understanding of the magnitude 
nd practical significance of any observed differences. Multivari- 
te logistic regression identified predictors of iodine status and 
alt iodine content. Statistical significance was set at p < 0.05, 
ith adjustments for multiple comparisons. 
esults 
ociodemographic characteristics of the participants 
he demographic and socioeconomic characteristics of the study 
opulation, which was divided into urban and rural categories, are 
resented in Table 1 . 
The table highlights disparities between urban and rural 

opulations in terms of age, education, income and employ- 
ent. The population is nearly evenly split between urban and 
ural areas, with a slight majority in rural areas. Rural areas 
ave a greater proportion of older individuals, lower educational 
ttainment, lower income and higher unemployment rates. By 
ontrast, urban areas have a younger population, higher educa- 
ional levels, higher income and lower unemployment rates. The 
thnic composition is relatively similar across both areas, with 
 majority being Kyrgyz, and a higher proportion of Uzbeks and 
ussians in the urban area. 

IC and ICS levels of the study participants 
he analysis of the UIC and ICS based on the WHO reference 
alues is presented in Table 2 . 
The median UIC in the population falls within the WHO- 

ecommended adequacy interval. However, more than one- 
alf of the participants had insufficient UIC levels, indicating 
idespread iodine deficiency, while almost one-half showed 
dequate levels, leaving a significant portion at risk. The me- 
ian ICS was 39.10 mg/kg, with the mean and SD indicating 
 relatively symmetric distribution. A minority of the pop- 
lation had insufficient ICS levels, suggesting limited use 
f iodized salt, while the majority had adequate levels, re- 
ecting widespread usage. A small percentage had exces- 
ive ICS levels, potentially due to overuse of highly iodized 
alt. 
Measuring iodine content in individuals with IDDs helps 

dentify gaps in iodization program coverage. Those with 
DDs had lower UIC and ICS levels, suggesting inadequate 
odine intake, while those without IDDs showed levels closer 
o the population median, reflecting better iodine status. 
igher UIC in individuals consuming iodine-rich foods high- 
ights the positive influence of dietary intake on iodine suf- 
ciency. Similarly, these individuals tended to use salt with 
igher iodine content, reflecting better nutritional awareness or 
hoices. 

haracteristics of pregnant women with low UIC 
pon further analysis, we focused on the characteristics of preg- 
ant women with very low UIC in the lower quartiles ( < 25 and
5–50 µg/L). This group represents a critical subset of the popu- 
ation, as these women and their children are at a higher risk of 
DDs. 

ociodemographic factors 

 small proportion of the study participants (approximately 
5% of the total sample) had UIC levels < 50 µg/L. Among 
hese women, a higher percentage were from rural areas 
approximately 60%) compared with urban areas (approxi- 
3
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Table 1. Sociodemographic characteristics of the pregnant women in the study population 

Rural Urban Total 

Variables Characteristic N % N N % N 

Area of residence 202 52 .20 186 47 .80 388 100 
Age (y) 18–25 27 .25 51 27 .42 102 26 .29 51 

26–35 45 .54 96 51 .61 188 48 .45 96 
36–45 29 .21 39 20 .97 98 25 .26 39 

Education level Primary school 5 .44 0 0 11 2 .84 0 
Secondary school 12 .87 7 3 .76 33 8 .51 7 
High school 69 .31 131 70 .43 271 69 .85 131 
Higher education 12 .38 48 25 .81 73 18 .81 48 

Ethnicity Kyrgyzs 91 .09 103 55 .38 287 73 .97 103 
Uzbeks 3 .47 26 13 .98 33 8 .51 26 
Russians 1 .49 31 16 .67 34 8 .76 31 
Dungans 1 .49 5 2 .69 8 2 .06 5 
Others 2 .48 21 11 .29 26 6 .70 21 

Monthly family income 
per capita, KGS 

< 8000 48 .02 38 20 .43 135 34 .79 38 
8001–16 000 30 .20 51 27 .42 112 28 .87 51 
16 001–30 000 14 .85 39 20 .97 69 17 .78 39 
> 30 000 6 .93 58 31 .18 72 18 .56 58 

Employment status Student 11 .88 24 12 .90 48 12 .37 24 
Employed 47 .53 100 53 .76 196 50 .52 100 
Unemployed 40 .59 62 33 .34 144 37 .11 62 

Abbreviation: KGS: Kyrgyz som. 

Table 2. Analysis of the UIC and ICS of pregnant women based on WHO reference values 

Parameter UIC ICS 

Median 142.90 µg/L 39.10 mg/kg 
95% CI 143.40; 156.45 µg/L 37.14; 39.95 mg/kg 
Mean ±SD 149.92 ±65.30 µg/L 38.54 ±14.10 mg/kg 
Diagnosed with IDD * 124.66 ±70.25 µg/L 31.78 ±13.56 mg/kg
Not diagnosed with IDD * 152.90 ±64.24 µg/L 39.34 ±13.98 mg/kg
Taking iodine supplements 125.12 ±61.71 µg/L 33.97 ±13.73 mg/kg
Not taking iodine supplements 155.38 ±64.99 µg/L 39.83 ±14.02 mg/kg
Including iodine-rich foods 166.73 ±89.29 µg/L 37.65 ±16.16 mg/kg
Including iodine-rich foods sometimes 95.81 ±43.34 µg/L 23.18 ±11.91 mg/kg
Not including iodine-rich foods 84.35 ±36.87 µg/L 24.69 ±4.91 mg/kg 

Abbreviations: ICS: iodine concentration in salt; IDD: iodine deficiency disorder; UIC: urinary iodine concentration. 
*—according to responses to the question ‘Have you ever been diagnosed with any iodine deficiency disorder?’ 
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mately 40%). In terms of education, 35% of these women
had completed primary or secondary school, while 65% had
completed higher education. Furthermore, this group had a
lower average monthly family income (mean income: 9410
KGS), with 62.4% of them falling within the lower-income
bracket ( < 8000 KGS) compared with 38.2% in the higher
quartiles. 
4

Iodine supplement and dietary intake 

Among the women in the lower UIC quartiles, only 28.7% re-
ported taking iodine supplements during pregnancy, compared
with 55.3% in the higher UIC quartiles. Additionally, dietary
intake of iodine-rich foods (e.g. fish, dairy, seaweed) was lower
in this group, with only 35.8% reporting regular consumption
compared with 58.4% of women in the higher quartiles. 
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Figure 1. Associations between UIC and ICS in pregnant women. ICS: iodine concentration in salt; UIC: urinary iodine concentration. 
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odine status and risk of IDDs 

hile the overall proportion of women with very low UIC was 
mall, these women did represent a potentially at-risk group for 
DDs, especially in rural and low-income areas. They also had 
ower ICS, which might contribute to their low iodine status. 
his suggests that public health interventions targeting this 
ubgroup, especially in rural and lower-income populations, 
ould be crucial to prevent long-term IDDs for both the mothers 
nd their children. 
Figure 1 presents the relationship between ICS and UIC, with 

 strong positive correlation indicating that higher iodine content 
n salt corresponds to increased UIC. The equation on the graph 
s y = 2.90x + 37.99. Points concentrated around specific iodine 
evels in salt (e.g. 0–20 mg/kg), reflecting dietary behaviors or lim- 
ted access to iodized salt. Outliers above the regression line may 
epresent individuals consuming additional iodine-rich sources. 
We performed independent t tests to compare the UIC and ISC 

etween groups: those diagnosed with IDDs and those who were 
ot, individuals taking iodine supplements and those who were 
ot, as well as those consuming iodine-rich foods and those who 
ere not. A statistically significant difference in UIC was found 
etween the diagnosed and non-diagnosed groups (t = −2.64, 
 ≈0.0087), as well as for ICS (t = −3.39, p ≈0.0011). Figure 2
llustrates the distributions of UIC and ICS for these groups. 
For iodine supplement users, UIC (t = −3.56, p ≈0.0004) and 

CS (t = −3.03, p ≈0.0026) differences were statistically signifi- 
ant, suggesting that supplement intake impacts both measures. 
owever, the observed lower UIC in supplement users warrants 
urther investigation. Comparing UIC between those including 
odine-rich foods in their diet and those not, a t-statistic of 
.58 (p ≈0.0004) was observed. For ICS, the t-statistic was 4.25 
p ≈0.00003), indicating significant differences between the two 
roups. 
Figure 3 illustrates the association between dietary iodine 

ntake and UIC, with the x-axis showing the frequency of iodine- 
ich food consumption and the y-axis representing UIC (in 
g/L). Higher values indicate more frequent consumption of 
odine-rich foods such as fish, dairy and seaweed. The red trend 
ine shows a moderate positive correlation, confirming that 
igher intake of these foods is associated with increased UIC 
evels. This relationship aligns with expectations, as consuming 
ore iodine-rich foods naturally boosts iodine levels in the 
ody. 

IC and ICS across various subgroups 
able 3 summarizes UIC and ICS across various subgroups: age, 
ducation, residence, ethnicity, income and occupation. Each 
ubgroup’s data are presented with the mean, SD and 95% CI to 
ndicate variability and reliability. 
As shown, UIC and ICS are generally consistent across age 

roups, with minor variations. No significant associations be- 
ween age and UIC categories suggest a relatively uniform 

istribution. High school and higher education levels correlate 
ith higher UIC and ICS, indicating that education positively im- 
acts iodine nutrition. Urban residents show significantly higher 
IC and ICS levels compared with rural residents, reflecting 
etter access to iodized salt and health resources. 
Variations are evident among ethnic groups, with Uzbek, 

ussian and other ethnicities showing higher levels, likely in- 
uenced by dietary habits. Higher income is linked to better 
odine nutrition, as indicated by higher UIC and ICS, reflecting 
he impact of economic status on dietary quality. Students tend 
o have lower iodine levels, likely due to dietary and resource 
ccess differences tied to occupational status. 
Table 4 presents the results of multiple linear regression, 

xamining predictors (education, occupation, residence, income 
nd ethnicity) and their relationship with UIC. 
The ANOVA statistics at the top of the table indicate the 
odel’s significance. The model summary statistics (R, R square, 
5
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Figure 2. Distribution of urinary iodine concentration (UIC) and iodine concentration in salt (ICS) for patients diagnosed with IDD and those not 
diagnosed with IDD, as well as those taking and not taking iodine supplements. IDD: iodine deficiency disorder. 
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adjusted R square and SE of the estimate) in the first row provide
an overview of the model’s fit. 
Table 4 shows a moderate positive correlation (R = 0.439) be-

tween the independent variables (family income per capita, ed-
ucation, occupation, ethnicity and residence) and the dependent
variable (UIC). An R-square of 0.193 indicates that 19.3% of the
variability in UIC levels is explained by the model, leaving 81.7%
unexplained. The adjusted R-square of 0.182 reflects a slight de-
crease in explanatory power when accounting for the number of
predictors. 
The regression model is statistically significant (p < 0.0001),

confirming the predictors’ substantial influence on UIC. However,
the remaining unexplained variance suggests the presence of
additional factors not included in the analysis. 

Discussion 

Iodine deficiency remains a critical public health issue, particu-
larly for pregnant women in endemic areas such as Kyrgyzstan,
6

where inadequate iodine levels profoundly affect both maternal
and fetal health.13 Universal salt iodization remains a key strat-
egy for maintaining adequate iodine levels globally.1 , 14 The 2022
systematic review by Patriota et al. indicated widespread iodine
insufficiency during pregnancy worldwide, emphasizing the need
for robust iodine supplementation programs.15 The Global Score-
card of Iodine Nutrition (2020) by the Iodine Global Network
reported varying levels of iodine sufficiency across Central Asia,
with persistent deficiencies among vulnerable populations such
as pregnant women and children.16 Despite significant progress
in iodine nutrition, challenges remain in regions such as Russia,
Ukraine, Kazakhstan and Kyrgyzstan.15 
The current study assessed the iodine status of pregnant

women across various demographic groups in Kyrgyzstan. Higher
education levels were associated with improved iodine nutri-
tion, likely due to greater dietary awareness. Urban residents
presented higher UICs and ICSs, reflecting possible disparities
in access to iodized salt and healthcare. Differences in UIC and
ICS levels across ethnic groups highlighted the impact of cultural
and dietary practices on iodine intake. Higher family income
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Figure 3. Association between dietary iodine intake and urinary iodine concentration. 
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orrelated with better iodine nutrition, underscoring the role 
f economic factors, while employment status was linked to 
igher iodine levels. However, individuals who were diagnosed 
r tested for iodine deficiency generally had lower iodine levels, 
eaffirming persistent gaps among vulnerable populations. 
A study conducted by Urmatova et al. (2021) on school 

hildren in new settlements in Kyrgyzstan reported iodine defi- 
iencies, highlighting the effectiveness of the national iodization 
rogram while noting gaps in population coverage.6 Similarly, 
he current salt iodization strategy ensures sufficient iodine 
or school-aged children but not pregnant women, due to 
nforcement challenges and illegal non-iodized salt imports.17 
Dietary habits also significantly impact iodine nutrition. 

amada et al. (2000) noted the need to adjust iodine levels in salt 
or increased consumption, mirroring findings in Kyrgyzstan.19 
ou et al. (2015) found a strong correlation between salt iodine 
evels and UIC in China, consistent with this study’s results, 
einforcing the role of state-led iodization programs.20 Ren et al. 
2008) demonstrated a novel method of using potassium iodate 
n irrigation water in Xinjiang, which increased iodine levels in 
oil, crops and urine, offering a promising alternative for areas 
ith less effective iodized salt programs.21 
Although studies linking socioeconomic status and iodine in- 

ake are rare, findings align with this study in showing that higher 
ocioeconomic status improves iodine nutrition.20 –23 However, 
ome evidence suggests that socioeconomic factors may not 
ignificantly affect iodine supply.24 

odine status across various sociodemographic groups 
ducation and iodine status 

ducation level is strongly linked with higher UICs and ICSs, 
s shown in this study and supported by Sultanalieva et al. 
2016), Dold et al. (2018), Völzke et al. (2013), and Gunnarsdót- 
ir and Brantsæte (2023).4 , 14 , 26 , 27 These findings highlight the 
mportance of targeted interventions to improve awareness and 
ietary choices among less-educated populations. 

rban vs rural differences 

ur findings align with global evidence showing significant dis- 
arities in iodine status between urban and rural populations. 
tudies by Galvan et al. (2020), National Health and Nutri- 
ion Examination Survey (NHANES) in USA, Sultanalieva et al. 
2016), and Uraimova (2019) consistently report higher UICs 
n urban areas due to better access to iodized salt and health 
esources.4 , 24 , 25 , 28 

thnic variations 

nivariate analysis revealed differences in UIC across ethnic 
roups, aligning with NHANES findings that identified disparities 
n iodine intake among racial/ethnic groups.29 , 30 However, multi- 
ariate regression (Table 4 ) demonstrated that ethnicity was not 
 statistically significant predictor of iodine status when adjust- 
ng for covariates such as education, residence and income. This 
uggests that socioeconomic and geographic factors, rather than 
thnicity itself, may primarily explain the observed variations. 
hile cultural and dietary practices could contribute to iodine 

ntake patterns, our findings emphasize the need to contextu- 
lize ethnic differences within broader structural determinants, 
uch as access to iodized salt and health resources, which are 
ften intertwined with socioeconomic status and geographic 
ocation. 

ncome and socioeconomic status 

igher-income families consistently show better iodine nutrition, 
eflected in higher UICs and ICSs. This trend is supported by 
tudies linking economic status to improved access to iodized 

21 –23 , 26 
7
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Table 3. Detailed statistics for UIC and ICS across different subgroups 

Category and 
subgroup UIC median 

UIC 
(95% CI) 

H- and 
U-statistics * p value 

ICS 
median 

ICS 
(95% CI) 

H- and 
U-statistics * p value 

Age (y) 1 .54 0 .463 2 .62 0 .269 
18–25 136 .55 128 .7; 157.4 35 .5 29 .6; 44.5 
26–35 146 .15 137 .9; 155.9 40 .95 38 .4; 44.1 
36–45 132 .35 116 .7; 163.9 37 .45 30 .7; 40.3 

Education 35 .99 0 .000 37 .18 0 .001 
Primary school 45 .5 27 .2; 106.5 20 .4 17 .9; 22.9 
Secondary school 104 .7 65 .8; 116.7 29 .1 25 .8; 34.5 
High school 152 .2 134 .4; 162.2 42 .9 39 .4; 47.0 
Higher education 150 .5 140 .2; 162.0 37 .9 37 .5; 42.0 

Residence 27 167 .5 0 .000 28 327 .0 0 .000 
Rural 119 .4 108 .9; 125.6 29 .00 28 .0; 30.8 
Urban 165 .7 156 .9; 178.4 47 .85 45 .7; 49.2 

Ethnicity 29 .02 0 .001 33 .62 0 .001 
Kyrgyz 132 .4 124 .3; 142.6 34 .5 29 .6; 38.5 
Uzbek 163 .2 154 .7; 215.2 44 .9 38 .4; 47.9 
Russian 182 .3 146 .0; 208.0 48 .55 42 .6; 51.0 
Dungan 150 .15 102 .1; 152.2 46 .05 25 .4; 52.9 
Other 165 .5 138 .4; 183.9 50 .05 44 .0; 52.2 

Family income per capita, KGS 14 .02 0 .003 51 .13 0 .001 
< 8000 128 .4 119 .4; 152.9 29 .6 28 .4; 37.5 
8001–16 000 138 .9 123 .4; 154.9 35 .6 31 .0; 42.1 
16 001–30 000 138 .2 132 .2; 146.0 39 37 .8; 40.9 
> 30 000 164 .65 153 .5; 178.9 49 .8 47 .9; 51.8 

Employment status 7 .49 0 .024 1 .58 0 .454 
Student 132 .5 114 .9; 169.7 40 .9 30 .8; 48.6 
Employed 141 .2 132 .8; 152.2 37 .9 32 .2; 38.6 
Unemployed 152 .9 135 .6; 176.3 41 .95 39 .0; 46.4 

Abbreviations: ICS: iodine concentration in salt; KGS: Kyrgyz som; UIC: urinary iodine concentration. 
*—H-statistic for age, education, ethnicity, family income per capita and employment status groups; U-statistic—for residence groups. 
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Employment status 

Occupation or employment status influences iodine nutrition
by affecting dietary habits and access to iodized products, as
highlighted in our study. This area warrants further research to
better understand its impact. 

Health conditions 
The data clearly show that dietary habits significantly impact
both UIC and ICS. Individuals consuming iodine-rich foods exhibit
higher iodine levels and are more likely to use iodized salt, reflect-
ing better overall iodine status. These findings underscore the
importance of public health interventions promoting iodine-rich
foods and iodized salt, particularly in areas with iodine deficiency
concerns. Despite generally adequate ICS levels, a significant
portion of the population has insufficient UIC, indicating ongoing
risks of deficiency. Those diagnosed with IDD or taking iodine
supplements showed lower UIC and ICS levels, suggesting they
may be managing or recovering from deficiency. 
A previous study found a positive correlation between salt

iodine content and UIC,18 confirming that iodized salt signifi-
8

cantly contributes to body iodine levels. These results indicate
that Kyrgyzstan’s iodized salt program has effectively improved
iodine status but highlight areas needing further attention. 
Interestingly, individuals taking iodine supplements had

lower mean UIC and ICS than non-users. This counterintuitive
finding may reflect that supplement users were previously iden-
tified as iodine-deficient or variability in iodine absorption or
retention.19 Lower ICS among this group could suggest a reliance
on supplements rather than iodized salt for iodine intake. 
Findings related to thyroid disorders align with studies show-

ing that individuals with diagnosed conditions often have altered
iodine levels. For example, research on iodine nutrition and
thyroid function highlights the necessity of adequate iodine
intake for managing conditions such as Graves’ disease, further
validating these observations.30 –34 

Strengths and limitations 
The current study’s strengths include a substantial participant
sample, enhancing result reliability. Ethical considerations, in-
cluding informed consent, ensured confidentiality and voluntary
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Table 4. Summary of regression analysis for predicting UIC (µg/L) 

ANOVA a F = 18.23 p < 0.0000 b 

Variable Coefficient SE t-statistic p value 

Intercept (constant) 115 .70 26 .10 4 .43 0 .000 
Education 18 .85 5 .04 3 .74 0 .000 
Occupation 15 .63 4 .62 3 .38 0 .001 
Residence −40 .54 6 .92 −5 .86 0 .000 
Family income per capita, KGS −1 .96 3 .04 −0 .65 0 .519 
Ethnicity 4 .82 2 .87 1 .68 0 .094 

Abbreviation: UIC: urinary iodine concentration. 
a Dependent variable: UIC (µg/L). 
b Predictors: education, occupation, residence, family income per 
capita (KGS) and ethnicity. 
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articipation. Standardized and validated methods were used 
o measure UIC and ICS, and multiple potential confounders, 
uch as education, residence, ethnicity, occupation and health 
onditions, were considered. The analysis aligns with global 
tandards, ensuring its findings are internationally relevant. 
However, the cross-sectional design provides a snapshot of 

odine status at a specific point in time and does not allow for 
he establishment of causal relationships. For example, while we 
bserved a correlation between iodine status and salt iodization, 
his correlation cannot definitively prove causality. Other factors, 
uch as dietary habits, access to iodine-rich foods and regional 
ifferences in healthcare and nutrition, may also influence iodine 
tatus. Therefore, while the study highlights important associa- 
ions, future longitudinal studies would be needed to investigate 
he causal impact of salt iodization and other interventions on 
odine status and related health outcomes. 
Additionally, this study does not track changes in iodine status 

r salt iodization practices over time, which could potentially 
iss trends or fluctuations that may occur due to seasonal 
ariations, shifts in public health interventions or changes in 
ietary habits. A longitudinal approach would provide a more 
ynamic view of iodine nutrition in the population, allowing for 
he identification of long-term trends and an assessment of 
he effectiveness of ongoing salt iodization programs. Future 
esearch using a longitudinal design could provide more robust 
nsights into how iodine status evolves over time and the impact 
f interventions on this key public health issue. 
Another limitation is that this study did not account for ges- 

ational age or trimester-specific variations in iodine metabolism 

mong pregnant participants. Iodine requirements increase as 
regnancy progresses, particularly during the second and third 
rimesters, due to heightened thyroid hormone production and 
etal demands.35 The absence of trimester-specific analysis may 
ntroduce variability in UIC measurements, as iodine sufficiency 
hresholds differ across pregnancy stages.36 For instance, UIC 
evels deemed adequate in early pregnancy might reflect insuf- 
ciency in later stages, potentially leading to misclassification of 
odine status. This limitation could influence the interpretation 
f results, including the observed prevalence of deficiency and 
ssociations with sociodemographic factors. Future studies 
hould incorporate trimester-specific assessments to refine the 
ccuracy of iodine status evaluations in pregnant populations. 
Also, the responses to the question ‘Have you ever been diag- 

osed with any iodine deficiency disorder?’ should be interpreted 
ith caution, as it reflects participants’ self-reported awareness 
f iodine-related health conditions rather than formal clinical 
iagnoses of IDDs. This question aimed to assess awareness of io- 
ine deficiency in the population, but the term ‘iodine deficiency 
isorder’ may not be widely understood by all participants, partic- 
larly those with limited access to healthcare or health literacy. 
elf-reported health and dietary information may be subject to 
ecall bias, and the findings have limited generalizability beyond 
he study area. Additionally, other factors influencing iodine 
evels, such as dietary sources beyond salt, were not considered. 

ublic health implications 
he findings highlight the need for stricter enforcement of salt 
odization laws and policies, particularly in rural areas. Revising 
tandards for iodized salt production, distribution and monitoring 
an ensure uniform coverage. This study underscores the con- 
inued challenge of iodine deficiency among pregnant women 
n Kyrgyzstan, particularly in rural and low-income populations. 
hile the overall iodine status of the population has improved 
ue to the national salt iodization program, there remains a 
ignificant subset of pregnant women with very low UIC, which 
oses a long-term risk to both maternal and fetal health. 
Targeted public health interventions should focus on raising 

wareness about iodine nutrition, improving access to iodized salt 
nd promoting iodine supplements, especially among rural resi- 
ents and those with lower education levels. To support women in 
he lower UIC quartiles, targeted iodine supplementation should 
e implemented. Pregnant women with low iodine status should 
eceive iodine supplements through public health programs, par- 
icularly in areas where iodine deficiency is prevalent. This supple- 
entation should be closely monitored to ensure that the intake 

s adequate but not excessive. Integrating iodine education into 
renatal care and maternal health programs can provide consis- 
ent messages about adequate iodine intake during pregnancy. 
Disparities between urban and rural areas and across income 

evels emphasize the need for targeted interventions in rural and 
ow-income communities. A regional approach to salt iodization 
hould be adopted, with adjustments made based on local 
odine status. In urban and higher-income areas where iodine 
ntake might already be sufficient, the iodization levels in salt 
ay need to be reduced to prevent excessive iodine intake. 
onversely, in rural areas with lower iodine levels, the focus 
hould be on ensuring sufficient iodization to meet the needs 
f the population. Strategies such as subsidized iodized salt, 
odine supplement distribution and mobile health units can help 
each remote populations. Differences in iodine status among 
thnic groups suggest that culturally tailored interventions are 
ecessary, with public health initiatives considering dietary 
abits, cultural practices and language preferences to enhance 
ffectiveness. 
While encouraging the consumption of iodine-rich foods such 

s dairy, seafood and eggs is essential for promoting a balanced 
iet, public health campaigns must ensure moderation and 
alance. This is particularly important for individuals in higher 
9
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quartiles of iodine intake, who may already have sufficient iodine
levels. Educational campaigns should stress the importance of
dietary variety and adequate iodine intake, with clear guidelines
on recommended food choices. 
Addressing iodine deficiency among pregnant women can

reduce long-term health burdens, including cognitive impair-
ments and developmental delays in children, thereby improving
overall health and economic productivity. Children born to
mothers with very low UIC are at higher risk for cognitive im-
pairments, developmental delays and other long-term health
consequences due to iodine deficiency during pregnancy. En-
suring adequate iodine intake during pregnancy is crucial for
fetal neurological development and can positively impact early
childhood development, educational outcomes and quality of
life. This can help break the cycle of poverty and poor health
outcomes. 
This study underscores the importance of ongoing iodine

status monitoring across population groups. Pregnant women
should be routinely screened for iodine status during prenatal
visits, and personalized recommendations should be provided
based on individual iodine needs. This individualized approach
would allow for precise interventions, avoiding unnecessary
iodine supplementation in women with sufficient iodine levels
while ensuring that those with low iodine concentrations receive
the necessary support. Establishing a robust surveillance system
for tracking iodine levels in pregnant women and other vulnera-
ble groups can guide resource allocation, identify high-risk areas
and support evidence-based health policies. Regular monitoring
of UICs and salt iodine levels should be used to inform these
adjustments. Regularly updated data can inform targeted public
health actions and improve outcomes. 
Given the interconnected nature of micronutrient deficiencies,

integrating iodine interventions into broader nutritional programs
addressing deficiencies such as iron or vitamin A can maximize
health benefits. Collaborating with international organizations
such as the WHO and UNICEF can enhance the effectiveness
of iodine deficiency prevention programs. Leveraging global
expertise and resources can strengthen national efforts and
align them with international best practices. 
In conclusion, to effectively combat iodine deficiency, par-

ticularly among pregnant women, a multipronged strategy that
combines targeted supplementation, iodine-rich food promotion,
regional salt iodization adjustments and educational campaigns
is essential. This will ensure that those at risk receive adequate
iodine while minimizing the risk of excessive intake in those who
are already meeting their iodine needs. 

Future research 
This study provides valuable insights into the iodine status of
pregnant women in Kyrgyzstan; however, several important
areas for future research have been identified to address the lim-
itations of the current study design and further enhance our un-
derstanding of iodine nutrition and its public health implications.
One of the main limitations of this study is its cross-sectional

design, which offers a snapshot of iodine status at a single point
in time but does not capture potential fluctuations or trends
in iodine intake and salt iodization practices over time. Future
10
research should focus on longitudinal studies that track iodine
status and related public health interventions over multiple time
points. This would allow for a better understanding of seasonal
variations, as well as the impact of ongoing salt iodization
programs and other interventions aimed at improving iodine
nutrition. Long-term studies would also enable researchers to
evaluate the effectiveness of iodine-related policies and monitor
changes in population-wide iodine status. 
Given the potential for skewed results due to the prioriti-

zation of urban clusters in our study, future research should
adopt a more balanced sampling strategy to ensure equal rep-
resentation of both urban and rural populations. Rural areas,
where iodine deficiency might be more prevalent, should be
adequately represented to avoid potential biases and enhance
the generalizability of the findings. Ensuring rural populations are
sufficiently included will allow for a more accurate comparison
of iodine status across different geographic regions, leading to
better-targeted public health interventions. 
Our study excluded pregnant women who had been living in

the area for < 1 y, which may have resulted in missing valuable
data on migrant populations or those who have recently relo-
cated. These groups may face different nutritional challenges,
including access to iodized salt and iodine-rich foods, which
could influence iodine status. Future studies should explicitly
include migrant and recently relocated populations, examining
how relocation impacts iodine intake and deficiency. This will be
important for understanding how changes in residency affect
iodine nutrition, especially in regions with varying salt iodization
practices or dietary habits. 
While we excluded individuals with cognitive impairments

from this study to maintain methodological consistency, it is cru-
cial to recognize that cognitive impairments may be associated
with unique health and dietary challenges that could influence
iodine status. Future research should focus on populations with
cognitive impairments, as these individuals may face particular
difficulties in accessing adequate nutrition, including iodine-rich
foods and supplements. A dedicated study on this group would
provide valuable insights into how cognitive impairments inter-
sect with iodine nutrition and help identify the specific nutritional
needs of individuals with cognitive disabilities. 
Future studies should also consider a deeper exploration of

the socioeconomic factors influencing iodine status, particularly
in vulnerable populations such as those with lower income,
education and access to healthcare. By identifying and address-
ing these socioeconomic determinants, future research can
contribute to the development of more effective, targeted inter-
ventions aimed at reducing iodine deficiency in high-risk groups. 
In conclusion, while this study provides important data on

iodine status among pregnant women in Kyrgyzstan, there is a
clear need for future research to address the limitations outlined
above. Longitudinal studies, more inclusive sampling and a focus
on vulnerable populations will provide a more comprehensive
understanding of iodine nutrition and its public health impact,
ultimately guiding more effective and equitable public health
strategies. 
Future research should also consider expanding the scope

of iodine intake assessment to include all potential sources of
iodine, such as processed foods, iodine-rich foods (e.g. dairy
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roducts, seafood) and supplements. While household salt is the 
ost common and easily measurable source of iodine, it does 
ot account for iodine obtained from processed foods or dietary 
upplements, which may also contribute significantly to overall 
odine status. Future studies could incorporate food frequency 
uestionnaires or dietary recall methods to assess iodine intake 
rom a broader range of food sources and supplements. This 
ould provide a more comprehensive understanding of iodine 
utrition in the population and help better capture the full 
pectrum of dietary iodine intake. Furthermore, considering the 
ioavailability of iodine from different sources would help clarify 
he relative contribution of each source to iodine status and its 
ealth implications. 

onclusion 
dequate iodine intake is crucial for preventing IDDs and ensuring 
ealthy development, particularly in vulnerable populations such 
s pregnant women. This study confirms ongoing challenges 
nd successes in iodine nutrition, aligning with findings from 

yrgyzstan, Central Asia and global studies. While salt iodization 
rograms have been effective, gaps persist, especially among 
regnant women in areas with socioeconomic and enforcement 
hallenges. 
Public health strategies should focus on raising awareness of 

odine nutrition and improving access to iodized salt, including 
ubsidized or free distribution in rural and low-income areas. 
upporting other iodine supplementation programs is also critical 
here access to iodized salt is limited. 
This analysis highlights disparities in iodine nutrition across 

ubgroups, emphasizing the need for targeted and culturally 
ppropriate interventions to reduce iodine deficiency. Collabo- 
ative efforts and legislative support are vital for the sustainable 
limination of IDDs. 
Further research is needed to identify barriers to adequate 

odine intake and develop effective prevention policies. Longi- 
udinal studies can provide insights into how sustained iodine 
ntake impacts health over time, pinpointing critical periods for 
ntervention and optimizing program implementation. 

ey points 
- Despite the adequate median UIC level of the surveyed preg- 
nant women and a majority of salt samples having adequate 
iodine content, there are participants with insufficient UIC. 
This suggests gaps in the effectiveness of the salt iodization 
program and highlights ongoing iodine deficiency, particu- 
larly in vulnerable populations. 

- Urban residents, individuals with higher education and 
higher-income groups exhibited better iodine status com- 
pared with their rural, less educated and lower-income coun- 
terparts. These disparities emphasize the impact of socioeco- 
nomic factors on access to iodized salt and dietary habits. 

- The study underscores the necessity for tailored public health 
strategies, including stricter enforcement of salt iodization 
laws, promotion of iodine-rich dietary practices and focused 
support for rural and low-income communities to address 
the persistent iodine deficiency among pregnant women in 
Kyrgyzstan. 
uthors’ contributions: Conceptualization: KD, DELP and IC; methodol- 
gy: KD, DEPL and IC; software/data analysis: ZDz, ZDe and IC; validation: 
D, DEPL and IC; investigation: ZDz, ZDe and IC; resources: KD and IC; writ- 
ng (original draft): IC; writing (review/editing): KD, ZDe and DEPL; visual- 
zation: ZDz and IC; project supervision: KD. All the authors have read and 
greed to the published version of the manuscript. 

unding: None. 

ompeting interests: None declared. 

thical approval: The study adhered to the Declaration of Helsinki. Ethi- 
al approval was obtained (ERC-3, 21.01.2020), and participants provided 
ritten informed consent. Confidentiality and voluntary participation 
ere assured. 

ata availability: All relevant information is included in the article. The 
ataset will be available upon request. 

eferences 
1 Zimmermann MB, Andersson M. Global perspectives in endocrinology: 
coverage of iodized salt programs and iodine status in 2020. Eur J 
Endocrinol. 2021;185:R13–21. 

2 Gorstein J, Bagriansky J, Pearce E, et al. Estimating the health and 
economic benefits of universal salt iodization programs to correct io- 
dine deficiency disorders. Thyroid. 2020;30:1802–9. 

3 Jiang W, Li X, Wang R, et al. Cross-country health inequalities of four 
common nutritional deficiencies among children, 1990 to 2019: Data 
from the Global Burden of Disease Study 2019. BMC Public Health. 
2024;24:486. 

4 Sultanalieva RB, Beishekeyeva GI, Gerasimov GA. Assessment of the 
provision of iodine supply to pregnant and lactating women in Kyr- 
gyzstan. Clin Exp Thyroidol. 2016;12:34–7. 

5 National Statistical Committee of the Kyrgyz Republic. Information 
Bulletin on Food Security and Poverty. Bishkek: National Statistical 
Committee of the Kyrgyz Republic, 2024, p. 58. Available from: 
https://stat.gov.kg/media/publicationarchive/3bf379f0-f5f6-4bd8-
9313-94502d9fbec5.pdf [last accessed December 24, 2024]. 

6 Urmatova B, Shin H, Shon S, et al. Prevalence of iodine deficiency 
among school children from new settlement in Kyrgyzstan. Children. 
2021;8:817. 

7 National Statistics Committee of the Kyrgyz Republic. Population 
and Housing Census of the Kyrgyz Republic in 2022: Book I: Main 
Socio-demographic Characteristics of the Population. Department of 
Statistical Registrations and Geoinformation Systems. Bishkek: Na- 
tional Statistics Committee of the Kyrgyz Republic, 2023. Available 
from: https://stat.gov.kg/media/publicationarchive/6e95c17b-bedb-
40f1-a3f4-c8c74cbfc742.pdf [last accessed December 24, 2024]. 

8 Fautsch Macias Y, Glasauer P. Guidelines for Assessing Nutrition- 
related Knowledge, Attitudes and Practices. Rome: Food and Agricul- 
ture Organization of the United Nations, Nutrition, 2014. 

9 Machado A, Lima L, Mesquita RBR, et al. Improvement of the 
Sandell-Kolthoff reaction method (ammonium persulfate digestion) 
for the determination of iodine in urine samples. Clin Chem Lab Med. 
2017;55:1310–5. 
11

https://stat.gov.kg/media/publicationarchive/3bf379f0-f5f6-4bd8-9313-94502d9fbec5.pdf
https://stat.gov.kg/media/publicationarchive/6e95c17b-bedb-40f1-a3f4-c8c74cbfc742.pdf


I. Chyngyshpaeva et al.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

f R
n-N
pro

D
ow

nloaded from
 https://academ

ic.oup.com
/inthealth/advance-article/doi/10.1093/inthealth/ihaf076/8203182 by guest on 24 July 2025
10 World Health Organization. Urinary Iodine Concentrations for Deter-
mining Iodine Status in Populations. Geneva: World Health Organiza-
tion, 2013. Available from: https://www.who.int/publications/i/item/
WHO-NMH-NHD-EPG-13.1 [last accessed December 24, 2024]. 

11 Sullivan KM, Houston R, Gorstein J, et al. (Eds.). Monitoring universal
salt iodization programmes. Programme Against Micronutrient Mal-
nutrition (PAMM), Micronutrient Initiative (MI), International Council
for Control of Iodine Deficiency Disorders (ICCIDD), United Nations
Children’s Fund (UNICEF), and World Health Organization (WHO);
1995. 

12 World Health Organization. Recommended Iodine Levels in Salt
and Guidelines for Monitoring Their Adequacy and Effectiveness.
Geneva: World Health Organization, 1996. Available from: https://
www.who.int/publications/i/item/WHO-NUT-96.13 [last accessed
December 24, 2024]. 

13 Chen A, Luo Z, Zhang J, et al. Emerging research themes in ma-
ternal hypothyroidism: a bibliometric exploration. Front Immunol.
2024;15:1370707. 

14 Dold S, Zimmermann MB, Jukic T, et al. Universal salt iodization pro-
vides sufficient dietary iodine to achieve adequate iodine nutrition
during the first 1000 days: A cross-sectional multicenter study. J Nutr.
2018;148:587–98. 

15 Patriota ESO, Lima ICC, Nilson EAF, et al. Prevalence of insufficient io-
dine intake in pregnancy worldwide: a systematic review and meta-
analysis. Eur J Clin Nutr. 2022;76:703–15. 

16 Iodine Global Network. Global Scorecard of Iodine Nutrition in 2020.
Programme Against Micronutrient Malnutrition (PAMM), Atlanta,
Georgia, USA. Published 3 June 2020. Available from: https://ign.org/
app/uploads/2023/09/Global_Scorecard_2020-3-June-2020.pdf
[last accessed June 2024]. 

17 Gerasimov G, Alnwick D, Ma T. Progress in iodine deficiency disorders
(IDD) control and elimination in Europe and Central Asia region (ECAR)
in 2010–2020. Nutr Health. 2018;24:11–7. 

18 Sultanalieva RB, Mamutova S, van der Haar F. The current salt iodiza-
tion strategy in Kyrgyzstan ensures sufficient iodine nutrition among
school-age children but not pregnant women. Public Health Nutr.
2010;13:623–30. 

19 Yamada K, Yamanouchi K, Niimi H, et al. Estimation of salt intake and
recommendation of iodine content in iodized salt in Mongolia. Asia
Pac J Clin Nutr. 2000;9:295–8. 

20 Zou Y, Ding G, Lou X, et al. A study on the influencing factors of uri-
nary iodine concentration and the relationship between iodized salt
concentration and urinary iodine concentration. Br J Nutr. 2015;113:
142–6. 

21 Ren X, Zhang Z, Li D, et al. An approach to correcting iodine defi-
ciency by supplementing iodine to soil via irrigation water in south-
ern Xinjiang Province, China. Environ Geochem Health. 2008;30:
311–7. 

© The Author(s) 2025. Published by Oxford University Press on behalf o
article distributed under the terms of the Creative Commons Attributio
by-nc/4.0/), which permits non-commercial re-use, distribution, and re

For commercial re-use, please contact reprints@oup.com for reprints and
through our RightsLink service via the Permissions link on the article page
journals.permissions@oup.com
12
22 Yang J, Zheng H, Li X, et al. Assessment of iodine status and associated
factors in vulnerable populations in Henan Province, China, in 2012.
Asia Pac J Clin Nutr. 2014;23:626–33. 

23 Candido AC, Priore SE, Macedo MS, et al. Fatores associados ao es-
tado nutricional de iodo no grupo materno-infantil: uma revisão sis-
temática. Cien Saude Colet. 2021;26:1381–90. 

24 Galván M, Fernández Cortés TL, Suárez-Diéguez T, et al. Iodine nutri-
tional status in urban and rural Mexican schoolchildren. Endocrinol
Diabetes Nutr. 2020;67:228–34. 

25 Zhang K, Cheng J, Yu J, et al. Trends in iodine status among U.S. chil-
dren and adults: a cross-sectional analysis of National Health and
Nutrition Examination Survey data from 2001–2004 to 2017–2020.
Thyroid. 2022;32:962–71. 

26 Völzke H, Craesmeyer C, Nauck M, et al. Association of socioeconomic
status with iodine supply and thyroid disorders in northeast Germany.
Thyroid. 2013;23:346–53. 

27 Gunnarsdóttir I, Brantsæte AL. Iodine: a scoping review. Food Nutr
Res. 2023;67:10369. 

28 Uraimova A. Sanitary audit of iodine content in the diet and its impact
on the health of school students. AlaToo Acad Stud. 2019;4:243–8. 

29 Pfeiffer CM, Sternberg MR, Caldwell KL, et al. Race-ethnicity is re-
lated to biomarkers of iron and iodine status after adjusting for so-
ciodemographic and lifestyle variables in NHANES 2003–2006. J Nutr.
2013;143:977S–85S. 

30 Sherriff J, Hine T, Begley A, et al. Iodine-containing food practices of
Western Australian pregnant women and ethnicity: an observational
study. Nutr Diet. 2020;77:344–50. 

31 Untoro J, Timmer A, Schultink W. The challenges of iodine supple-
mentation: A public health programme perspective. Best Pract Res
Clin Endocrinol Metab. 2010;24:89–99. 

32 Ategbo EA, Sankar R, Schultink W, et al. An assessment of progress
toward universal salt iodization in Rajasthan, India, using iodine nu-
trition indicators in school-aged children and pregnant women from
the same households. Asia Pac J Clin Nutr. 2008;17:56–62. 

33 Xie Q, Zhang X, Ma J, et al. Effect of iodine nutritional status on the
recurrence of hyperthyroidism and antithyroid drug efficacy in adult
patients with Graves’ disease: a systemic review. Front Endocrinol.
2023;14:1234918. 

34 Zha H, Yu L, Tang Y, et al. Effect of iodine nutrition status on
thyroid function and pregnancy outcomes. Biol Trace Elem Res.
2023;201:5143–51. 

35 Glinoer D. The importance of iodine nutrition during pregnancy. Public
Health Nutr. 2007;10(12A):1542–6. 

36 Pearce EN, Lazarus JH, Moreno-Reyes R, et al. Consequences of io-
dine deficiency and excess in pregnant women: an overview of cur-
rent knowns and unknowns. J Clin Endocrinol Metab. 2016;101(5):
1607–14. 

oyal Society of Tropical Medicine and Hygiene. This is an Open Access 
onCommercial License ( https://creativecommons.org/licenses/
duction in any medium, provided the original work is properly cited. 

translation rights for reprints. All other permissions can be obtained 
 on our site-for further information please contact 

https://www.who.int/publications/i/item/WHO-NMH-NHD-EPG-13.1
https://www.who.int/publications/i/item/WHO-NUT-96.13
https://ign.org/app/uploads/2023/09/Global_Scorecard_2020-3-June-2020.pdf
https://creativecommons.org/licenses/by-nc/4.0/
mailto:reprints@oup.com
mailto:journals.permissions@oup.com

	Introduction
	Participants and methods
	Study design
	Study site
	Sampling method
	Inclusion and exclusion criteria
	Data collection instruments and procedure
	Urine sampling and analysis
	Salt sampling and analysis
	Statistical analysis methods

	Results
	Sociodemographic characteristics of the participants
	UIC and ICS levels of the study participants
	Characteristics of pregnant women with low UIC
	UIC and ICS across various subgroups

	Discussion
	Iodine status across various sociodemographic groups
	Health conditions
	Strengths and limitations
	Public health implications
	Future research
	Conclusion
	Key points

	References

