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Abstract

IMPORTANCE India has a disproportionately high prevalence of neural tube defects, including spina
bifida and anencephaly (SBA), causing a high number of stillbirths, elective pregnancy terminations,
and child mortality; India contributes a large proportion of the global burden of SBA. Thirty years
after folic acid was shown to be effective in reducing SBA prevalence, only about one-quarter of such
births are prevented globally through cereal grain fortification.

OBJECTIVE To determine the association of folic acid–fortified iodized salt with serum folate
concentrations among nonpregnant and nonlactating women of reproductive age.

DESIGN, SETTING, AND PARTICIPANTS This nonrandomized controlled trial using a
preintervention and postintervention design was conducted in 4 rural villages in Southern India from
July 1 to November 30, 2022. All households in the villages agreed to participate in the study.
Preintervention and postintervention serum folate levels were analyzed among study participants at
baseline and after 4 months, respectively.

INTERVENTION Consumption of approximately 300 μg/d of folic acid using double fortified salt
(folic acid plus iodine). Median serum folate concentrations were assessed at baseline and 4 months.

MAIN OUTCOMES AND MEASURES Change in median serum folate levels between baseline and
study end point as the primary outcome of the study.

RESULTS A total of 83 nonpregnant nonlactating women aged 20 to 44 years (mean [SD] age, 30.9
[5.1] years) were eligible for the study and provided serum samples for analysis at baseline and the
end point of the intervention. The median serum folate concentration increased from 14.6 (IQR, 11.2-
20.6) nmol/L at baseline to 54.4 (IQR, 43.5-54.4) nmol/L at end of study, a 3.7-fold increase from
baseline to study end point. Two-tailed Wilcoxon signed rank test showed the median difference in
preintervention and postintervention serum folate concentrations to be highly significant (P < .001).
The participants found the salt acceptable in color and taste.

CONCLUSIONS AND RELEVANCE Use of folic acid–fortified iodized salt was associated with
increased serum folate concentrations in women of reproductive age. This novel evidence can inform
public health policy to accelerate SBA prevention.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT06174883
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Key Points
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Introduction

Folic acid (vitamin B9) prevents severely disabling and life-threatening neural tube defects, such as
spina bifida and anencephaly (SBA).1 Anencephaly is not compatible with life, and spina bifida can
lead to a stillbirth or postpartum death, with significant health complications and permanent
neurological disabilities in survivors.2 Approximately 260 000 SBA-affected births occur worldwide
annually, with a global prevalence rate of 20 per 10 000 births.3 Limited surveillance studies in India
suggest the prevalence is higher, at approximately 40 to 50 per 10 000 births, and contributes to a
high number of stillbirths, elective pregnancy terminations, and deaths among neonates, infants,
and children younger than 5 years.4

Spina bifida and anencephaly occur due to incomplete closure of the fetal neural fold during
embryogenesis around day 28 after conception.5 Water-soluble folic acid is a crucial micronutrient
required before and during early pregnancy for proper fetal DNA synthesis and complete neural tube
closure.5 The US Preventive Services Task Force recommends all women planning to or who could
become pregnant take a daily folic acid supplement containing 400 to 800 μg at least 1 month prior
to anticipated conception and through the first 2 to 3 months of pregnancy.6 However, folic acid
supplementation before pregnancy is a challenging public health intervention in many countries,7

and mandatory staple food fortification strategies have been more effective.8-12 About 60 countries
are currently implementing mandatory fortification of wheat flour, maize flour, and/or rice with
adequate levels of folic acid for prevention of SBA.13 In May 2023, the World Health Assembly passed
a resolution recommending all member nations implement folic acid fortification to prevent SBA.14

The recent National Family Health Survey in India showed less than one-third of women
consumed iron and folic acid supplements for at least 100 days during pregnancy,15 and even these
women usually start supplement consumption too late during pregnancy to prevent SBA. In India
and many countries, grain fortification with folic acid solves this limitation, and double-fortified salt
with folic acid and iodine has the potential to accelerate the pace of SBA prevention.

Salt iodization has been a global success in preventing iodine deficiency; according to the Global
Fortification Data Exchange, iodization was implemented sustainably in 126 countries through
mandatory legislation and an additional 21 countries as a voluntary policy in the year 2022.15 Folic
acid–fortified iodized salt can be an effective strategy to accelerate global SBA prevention.16

According to the 2018-2019 India Iodine Survey, 76% of Indian households have access to edible salt
with adequate iodine (�15 ppm).17 Use of iodized salt in India offers a promising opportunity for
wide-scale SBA prevention.

To our knowledge, there are no published studies on the effect of double-fortified salt on serum
folate levels among women of reproductive age. Our study aimed to assess serum folate
concentrations after consumption of folic acid–fortified iodized salt (study salt) by nonpregnant,
nonlactating women aged 18 to 45 years in rural India. These novel findings can support SBA
prevention policies in India and other countries.

Methods

Study Setting and Design
This nonrandomized controlled trial used a preintervention and postintervention evaluation design
to examine the outcomes of folic acid–fortified iodized salt in 4 rural villages in Southern India from
July 1 to November 30, 2022 (total population of 1130, including 335 women of reproductive age
[18-45 years]). This report follows the Transparent Reporting of Evaluations With Nonrandomized
Designs (TREND) reporting guideline. The trial was registered retrospectively on December 8, 2023;
the protocol is found in Supplement 1. The study team conducted multiple town hall meetings and
seminars to educate the residents regarding SBA and the beneficial role of folic acid in preventing
these birth defects. Women were invited to participate voluntarily after receiving information, and
inclusion and exclusion criteria were applied to enroll participants. We included nonpregnant,

JAMA Network Open | Global Health Folic Acid–Fortified Iodized Salt and Serum Folate Levels in Women in India

JAMA Network Open. 2024;7(3):e241777. doi:10.1001/jamanetworkopen.2024.1777 (Reprinted) March 8, 2024 2/8

Downloaded from jamanetwork.com by guest on 03/14/2024

https://www.cdc.gov/trendstatement/
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.1777&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.1777


nonlactating women who agreed to reside in their villages for the duration of the intervention and
were willing to consume the study salt exclusively. We excluded women who were pregnant or
lactating at the time of study recruitment, who were taking folic acid supplements, or who had
health conditions such as malabsorption disorders, severe anemia (hemoglobin level <8.0 g/dL [to
convert to g/L, multiply by 10.0]), uncontrolled hypertension (systolic blood pressure �140 mm Hg
or diastolic blood pressure �90 mm Hg), HIV infection, cancer, active tuberculosis, or malaria
infection. Additionally, we excluded women with a prior pregnancy affected by SBA or taking regular
medications for preexisting medical conditions.

Signed written consent was obtained from all participants in the local language (Telugu) prior to
initiating the study. The study was approved by the Institutional Review Board Ethics Committees of
Andhra Medical College, Visakhapatnam, India, and Emory University, Atlanta, Georgia. Approval
from the District Collector’s office was obtained, which facilitated cooperation from the villagers,
their leaders, and local administrative officers. The medical team performed routine assessments of
the villagers during scheduled visits and monitored for any new health complaints or adverse events.
A local study coordinator was recruited for each village to supervise the implementation and serve
as a liaison between the participants and study team. A study center was established in a central
location in each of the 4 villages, and the collaborator with trained data collectors ensured that the
study methodology was uniformly maintained. Most of the data collection occurred at these centrally
located study centers on a specified date; a small proportion of participants who were not able to
participate at the appointed time was recruited through door-to-door surveys or blood sampling
as needed.

Paper surveys used to screen study participants collected basic demographic information, use
of folic acid supplements, and health-related variables. Daily dietary folate intake was not assessed in
our study, and periodic interviews assessed whether participants consumed folic acid supplements.

Preparation of Folic Acid–Fortified Iodized Salt
The study salt was custom made by Wella Nutrologicals by mixing commercially available iodized
table salt (Tata) with an alkaline folic acid solution in a batch ribbon blender. The folic acid formulation
has limited solubility at a pH of less than 8 and thus was solubilized by buffering to a pH of greater
than 9. Sodium carbonate (21.2 g) was dissolved in 900 mL of treated water and allowed to cool,
after which 10 g of folic acid was added to this solution and stirred to dissolve completely. The
solution was topped to a volume of 1 L with additional water, and 4 L of the solution (containing 1%
weight to volume ratio of folic acid) was sprayed evenly on 1 ton of iodized salt in a batch ribbon
blender and mixed for 10 minutes. The study salt was tested, labeled, and packed in 1-kg double-
polylaminated plastic bags. Laboratory testing confirmed stable iodine and folic acid levels in the test
salt mixture for 8 months of storage at ambient temperatures in the field.

Standardizing Salt Consumption Across Participants
Random salt consumption measurements by weight were conducted prior to distributing the study
salt in the participating villages. The average family ingested approximately 8.75 g/person, which
agrees with established average daily salt intake in India.18 Therefore, we estimated that participants
in our study consumed about 300 μg/d of folic acid using the study salt (containing 350 μg of folic
acid per 10 g of iodized salt). In a voluntary exchange program, the currently used home stock was
replaced with the study salt in labeled containers and provided to all households in the village free of
cost to avoid access to non—folic acid–fortified commercial salt. The village grocers also cooperated
by not selling commercial salt until the study ended. The study team members maintained routine
communications with the villagers and local health care professionals to ensure adherence and
monitoring of any potential adverse effects. Frequent reminders helped avoidance of folic acid
supplements or consumption of nonstudy salt. The local medical nodal officer was engaged during
the study period, and any questions or concerns were immediately addressed.

JAMA Network Open | Global Health Folic Acid–Fortified Iodized Salt and Serum Folate Levels in Women in India

JAMA Network Open. 2024;7(3):e241777. doi:10.1001/jamanetworkopen.2024.1777 (Reprinted) March 8, 2024 3/8

Downloaded from jamanetwork.com by guest on 03/14/2024



Strict security protocols were used during data collection and storage to ensure confidentiality.
The paper surveys and laboratory reports were securely transported using stringent protocols to a
locked central data storage facility at the Dr Pattisapu Ramajogi Gangadharam Academic and
Research Cell in the Department of Neurosurgery, Andhra Medical College.

Serum Folate Concentration Assessment
Serum folate analyses were performed on nonfasting blood samples at baseline and at the end point.
Specimens were transported on ice immediately to the laboratory (Quantum Diagnostics).
Phlebotomists collecting the blood were not blinded to the intervention. However, the samples were
subsequently coded such that the laboratory technicians analyzing the samples were blinded to their
origin. A folate assay (ARCHITECT [Abbott Laboratories]) was used to analyze serum folate
concentrations. Analytic performance of this method has been validated.19 The test involves a 2-step,
chemiluminescent microparticle folate binding protein assay for quantitative determination in
human serum, plasma, and red blood cells on the ARCHITECT i-System. In our samples, the test
performance allowed capture of the maximum value of serum folate level up to 54.4 nmol/L (to
convert to ng/mL, divide by 2.266).

Statistical Analysis
A 2-fold increase in the mean serum folate level at study power set at 80% required a sample size of
10 participants (2-sided 1-sample t test for mean). Our analytical sample of 83 participants provided
a study power of greater than 99%. Key descriptive statistics including median, IQR, and range were
estimated for baseline and end point serum folate test results. Analysis was restricted to 83 of the
89 participants as they provided blood samples at both preintervention and postintervention points.
As the folate assay measured serum folate only to the concentration of 54.4 nmol/L, we used the
median as the measure of central tendency. Statistical differences in the median comparing
preintervention and postintervention serum folate concentrations were assessed using 2-tailed
Wilcoxon signed rank test for paired samples. We hypothesized a significant difference in the median
serum folate concentrations from baseline to the end point of the study, with a 2-sided P <.05
indicating statistical significance. All data were analyzed using SAS, version 9.4 (SAS Institute Inc).

Results

Of the 89 women who were eligible and enrolled in the study at baseline (July 2022), 83 provided
blood samples at the baseline and at the postintervention end point (November 2022) for serum
folate analysis and were included in our analytic sample. The mean (SD) age of women in our analytic
sample was 30.9 (5.1) years (median age, 30 years; range, 20-44 years). The median serum folate
concentration was 14.6 (IQR, 11.2-20.6) nmol/L at baseline and 54.4 (IQR, 43.5-54.4) nmol/L at 4
months, a 3.7-fold increase from baseline to study end point. The results of a 2-tailed Wilcoxon
signed-rank test indicated that this was a significant difference (P < .001).

Figure 1 shows individual-level change in serum folate concentrations from baseline to study
end point. More than 90% of the participants experienced an increase in their serum folate level at
the end of the intervention. One participant had the same folate concentration at baseline and end
point (54.4 nmol/L). Six participants had a decrease in their serum folate concentrations between
baseline and postintervention assessments; of these, only 2 had baseline serum folate levels that
were less than 20 nmol/L, and their postintervention levels also remained below 20 nmol/L. No
noticeable clinical profile emerged indicating folate deficiency in participants whose serum folate
concentrations did not increase after intervention.

Figure 2 represents the shift in the distribution of serum folate concentrations from baseline to
study end point. As mentioned earlier, the ARCHITECT assay measured serum folate levels up to 54.4
nmol/L. There was a remarkable shift in the distribution of serum folate levels to the right in
postintervention samples, indicating an improvement in the main outcome measure of the study. We
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noted that only 3 participants (3.6%) had reached the test ceiling (54.5 nmol/L) at baseline; however,
this proportion increased to 48 (57.8%) at the end of the intervention.

The study salt was acceptable in its appearance and taste as reported during town hall meetings
and door-to-door interviews. Four minor health complaints, including headache (1 participant), fever
(2 participants), and stomach pain (1 participant), were deemed unrelated to the study salt
consumption by the local medical nodal officer. The study salt was stable for 8 months at room
temperature in a community setting, retaining its iodine and folic acid levels on repeated testing.

Discussion

Although robust surveillance data are lacking regarding SBA prevalence in India, it is estimated that
the subcontinent accounts for nearly one-third of the global burden of SBA, contributing to a high
number of elective terminations of pregnancies, stillbirths, and deaths among children younger than
5 years.3 In our study, we found a 3.7-fold increase in median serum folate levels among participants
after they consumed approximately 300 μg/d of folic acid provided by the study salt. This finding
suggests that folic acid–fortified iodized salt may improve folate concentrations in women of
reproductive age, offering another opportunity for prevention of SBA in India and other countries.
Given the high use of iodized salt in Indian households, this option offers a viable fortification
strategy to deliver the recommended daily dose of folic acid equitably on a national scale. The folic
acid concentration can be adjusted for lower daily salt consumption, keeping in focus the goal to

Figure 1. Paired Profiles for Serum Folate Concentrations Before and After Folic Acid–Fortified
Iodized Salt Intervention
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Figure 2. Distribution of Serum Folate Concentrations During Preintervention and Postintervention Evaluations
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reduce sodium intake. The high potential of accelerating the global prevention of folic acid–
preventable SBA through use of folic acid–fortified iodized salt was modeled recently.16 Our results
provide the needed evidence to show the effectiveness of the intervention to inform SBA prevention
policy. As India and other countries are working toward achieving 2030 Sustainable Development
Goals on preventable mortality among neonates and children younger than 5 years,20 folic acid
fortification of iodized salt can serve as a promising strategy.

In our study, we found that after 4 months of daily consumption of approximately 300 μg of
folic acid from fortified iodized salt, the median serum folate concentration of study participants
increased from 14.6 to 54.4 nmol/L (a 3.7-fold increase). Another 3-month study in women of
reproductive age consuming 100-μg and 400-μg folic acid supplement pills daily21 reported serum
folate level increases by 2.0-fold and 3.8-fold, respectively.

We also found that individual serum folate levels did not increase in 7 of the 83 participants.
Although we cannot confidently explain the reason for this finding, we speculate that it may be due
to poor adherence or other clinical considerations that were beyond the scope of our study.

Data are available about the feasibility of double fortification of salt with iodine and folic acid
that remains stable during storage.22 Iodine and folic acid content in our study salt samples was
found to be stable at 8 months after production while stored at room temperature in the community
setting. To our knowledge, large-scale production of folic acid–fortified iodized salt has not yet been
implemented; our study findings provide support for such an undertaking.

There is an established association between achieving optimal maternal serum folate levels and
SBA prevention in offspring. In 1995, Daly et al23 showed a strong inverse dose-response relationship
between maternal plasma or red blood cell folate concentration and SBA prevalence. Our study
found an association between daily consumption of approximately 300 μg in folic acid–fortified
iodized salt and increased serum folate concentration.

Double fortification of salt with iodine and folic acid could overcome current challenges with
dietary variances and low compliance of supplement intake in India. It can provide women of
childbearing age the recommended level of folic acid before and during early pregnancy, a critical
intervention window for prevention of SBA. Using folic acid–fortified iodized salt provides a global
opportunity to prevent thousands of SBA cases; achieve the World Health Organization’s Sustainable
Development Goal 3, which is aimed at reducing neonatal morality and deaths among children
younger than 5 years20; and provide equitable health and well-being for all.

Strengths and Limitations
The key strength of our study is that the selected villages were remote and had limited external
influences on the intervention. There was high adherence, as the study salt was well accepted and all
villagers consumed it, and there was high participant retention. The participants were monitored
periodically, and there were no competing interventions or events that could have affected the study
outcomes. The salt was stable at community storage settings.

This study also has some limitations. Since our study was limited to 4 villages (83 participants),
the findings are not representative of the general population in India. Again, we elected to use the
recommended dose of folic acid to assess the vehicle (salt) and recognize the option to adjust the
concentration according to local needs and variances. Another limitation is that we did not conduct a
comparative analysis of folic acid–fortified salt with a control (non–folic acid consumption) group or
with participants receiving other food vehicles.

Conclusions

This nonrandomized controlled trial provides novel evidence that folic acid–fortified iodized salt
consumption increases serum folate levels among women of reproductive age with the potential to
prevent SBA in their offspring. This finding offers an opportunity for public health policy makers in
India and other countries to consider effective folic acid fortification programs.

JAMA Network Open | Global Health Folic Acid–Fortified Iodized Salt and Serum Folate Levels in Women in India

JAMA Network Open. 2024;7(3):e241777. doi:10.1001/jamanetworkopen.2024.1777 (Reprinted) March 8, 2024 6/8

Downloaded from jamanetwork.com by guest on 03/14/2024



ARTICLE INFORMATION
Accepted for Publication: December 4, 2023.

Published: March 8, 2024. doi:10.1001/jamanetworkopen.2024.1777

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2024 Pattisapu
JV et al. JAMA Network Open.

Corresponding Author: Jogi V. Pattisapu, MD, Pediatric Neurosurgery, University of Central Florida College of
Medicine, 9046 Mayfair Pointe Dr, Orlando, FL 32827 (jpattisapu@ped-neurosurgery.com; jogi.
pattisapu@ucf.edu).

Author Affiliations: Pediatric Neurosurgery, University of Central Florida College of Medicine, Orlando (Pattisapu);
Department of Neurosurgery, King George Hospital at Andhra Medical College, Visakhapatnam, India (Manda,
Kottakki, Kajana, Bhaganagarapu, Ediga); Department of Neurosurgery, Rangaraya Medical College, Kakinada,
India (Manda); Department of Community Medicine, Government Medical College, Rajamahendravaram, India
(Kajana); Center for Spina Bifida Prevention, Department of Epidemiology, Rollins School of Public Health, Emory
University, Atlanta, Georgia (Kancherla, Oakley); Institute of Health Sciences, University of Leeds, Leeds, United
Kingdom (Veerappan); Center for Global Engineering Myhal Centre, University of Toronto, Toronto, Ontario,
Canada (Mannar); Department of Chemical Engineering and Applied Chemistry, University of Toronto, Toronto,
Ontario, Canada (Diosady).

Author Contributions: Prof Pattisapu had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. Prof Pattisapu and Prof Manda contributed equally to
this work.

Concept and design: Pattisapu, Manda, Kajana, Kancherla, Bhaganagarapu, Mannar, Oakley.

Acquisition, analysis, or interpretation of data: Pattisapu, Manda, Kottakki, Kajana, Veerappan, Ediga,
Diosady, Oakley.

Drafting of the manuscript: Pattisapu, Kajana, Kancherla, Veerappan, Ediga, Oakley.

Critical review of the manuscript for important intellectual content: Pattisapu, Manda, Kottakki, Kancherla,
Bhaganagarapu, Veerappan, Mannar, Diosady, Oakley.

Statistical analysis: Kajana, Kancherla, Ediga.

Obtained funding: Pattisapu.

Administrative, technical, or material support: Pattisapu, Manda, Kottakki, Bhaganagarapu, Veerappan, Ediga,
Mannar, Diosady.

Supervision: Pattisapu, Manda, Kottakki, Bhaganagarapu.

Conflict of Interest Disclosures: None reported.

Funding/Support: This study was supported by the Hydrocephalus and Neuroscience Institute and the Dr
Pattisapu Ramajogi Gangadharam Academic and Research Cell at Andhra Medical College.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Data Sharing Statement: See Supplement 2.

Additional Contributions: We thank the study participants and their family members, health care professionals,
community leaders, and study staff for their time and invaluable support for this project. We are grateful to the
project volunteers and the study staff who contributed to the study.

Additional Information: The study findings were communicated to the villagers and health care professionals
during follow-up postintervention community meetings.

REFERENCES
1. MRC Vitamin Study Research Group. Prevention of neural tube defects: results of the Medical Research Council
Vitamin Study. Lancet. 1991;338(8760):131-137. doi:10.1016/0140-6736(91)90133-A

2. Botto LD, Moore CA, Khoury MJ, Erickson JD. Neural-tube defects. N Engl J Med. 1999;341(20):1509-1519. doi:
10.1056/NEJM199911113412006

3. Blencowe H, Kancherla V, Moorthie S, Darlison MW, Modell B. Estimates of global and regional prevalence of
neural tube defects for 2015: a systematic analysis. Ann N Y Acad Sci. 2018;1414(1):31-46. doi:10.1111/nyas.13548

4. Bhide P, Sagoo GS, Moorthie S, Burton H, Kar A. Systematic review of birth prevalence of neural tube defects in
India. Birth Defects Res A Clin Mol Teratol. 2013;97(7):437-443. doi:10.1002/bdra.23153

JAMA Network Open | Global Health Folic Acid–Fortified Iodized Salt and Serum Folate Levels in Women in India

JAMA Network Open. 2024;7(3):e241777. doi:10.1001/jamanetworkopen.2024.1777 (Reprinted) March 8, 2024 7/8

Downloaded from jamanetwork.com by guest on 03/14/2024

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.1777&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.1777
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.1777
mailto:jpattisapu@ped-neurosurgery.com
mailto:jogi.pattisapu@ucf.edu
mailto:jogi.pattisapu@ucf.edu
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.1777&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.1777
https://dx.doi.org/10.1016/0140-6736(91)90133-A
https://dx.doi.org/10.1056/NEJM199911113412006
https://dx.doi.org/10.1111/nyas.13548
https://dx.doi.org/10.1002/bdra.23153


5. Copp AJ, Greene ND. Genetics and development of neural tube defects. J Pathol. 2010;220(2):217-230. doi:10.
1002/path.2643

6. Barry MJ, Nicholson WK, Silverstein M, et al; US Preventive Services Task Force. Folic acid supplementation to
prevent neural tube defects: US Preventive Services Task Force reaffirmation recommendation statement. JAMA.
2023;330(5):454-459. doi:10.1001/jama.2023.12876

7. Toivonen KI, Lacroix E, Flynn M, et al. Folic acid supplementation during the preconception period: a systematic
review and meta-analysis. Prev Med. 2018;114:1-17. doi:10.1016/j.ypmed.2018.05.023

8. Atta CA, Fiest KM, Frolkis AD, et al. Global birth prevalence of spina bifida by folic acid fortification status:
a systematic review and meta-analysis. Am J Public Health. 2016;106(1):e24-e34. doi:10.2105/AJPH.2015.302902

9. Castillo-Lancellotti C, Tur JA, Uauy R. Impact of folic acid fortification of flour on neural tube defects:
a systematic review. Public Health Nutr. 2013;16(5):901-911. doi:10.1017/S1368980012003576

10. Centeno Tablante E, Pachón H, Guetterman HM, Finkelstein JL. Fortification of wheat and maize flour with
folic acid for population health outcomes. Cochrane Database Syst Rev. 2019;7(7):CD012150. doi:10.1002/
14651858.CD012150.pub2

11. Rosenthal J, Casas J, Taren D, Alverson CJ, Flores A, Frias J. Neural tube defects in Latin America and the impact
of fortification: a literature review. Public Health Nutr. 2014;17(3):537-550. doi:10.1017/S1368980013000256

12. Keats EC, Neufeld LM, Garrett GS, Mbuya MNN, Bhutta ZA. Improved micronutrient status and health
outcomes in low- and middle-income countries following large-scale fortification: evidence from a systematic
review and meta-analysis. Am J Clin Nutr. 2019;109(6):1696-1708. doi:10.1093/ajcn/nqz023

13. Kancherla V, Wagh K, Priyadarshini P, Pachón H, Oakley GP Jr. A global update on the status of prevention of
folic acid-preventable spina bifida and anencephaly in year 2020: 30-year anniversary of gaining knowledge about
folic acid’s prevention potential for neural tube defects. Birth Defects Res. 2022;114(20):1392-1403. doi:10.1002/
bdr2.2115

14. World Health Organization. Accelerating efforts for preventing micronutrient deficiencies and their
consequences, including spina bifida and other neural tube defects, through safe and effective food fortification.
May 30, 2023. Accessed July 1, 2023. https://apps.who.int/gb/ebwha/pdf_files/WHA76/A76_R19-en.pdf

15. Global Fortification Data Exchange. Providing actionable food fortification data. Accessed July 1, 2023. https://
fortificationdata.org

16. Kancherla V, Tsang B, Wagh K, Dixon M, Oakley GP Jr. Modeling shows high potential of folic acid-fortified salt
to accelerate global prevention of major neural tube defects. Birth Defects Res. 2020;112(18):1461-1474. doi:10.
1002/bdr2.1769

17. Jha RK, Das S, Dey S, et al. National and sub-national estimates of household coverage of iodized salt and
urinary iodine status among women of reproductive age in India: insights from the India Iodine Survey, 2018-19.
J Nutr. 2023;153(9):2717-2725. doi:10.1016/j.tjnut.2023.06.037

18. Kapil U, Pathak P. National consultation on benefits and safety of iodized salt. Indian Pediatr. 2000;37(3):
293-295.

19. Food and Drug Administration. 510(k) Substantial Equivalence Determination Decision Summary. Accessed
March 1, 2023. https://www.accessdata.fda.gov/cdrh_docs/reviews/K092740.pdf

20. United Nations. Sustainable development goals. Goal 3: ensure healthy lives and promote well-being for all at
all ages. Accessed July 1, 2023. https://www.un.org/sustainabledevelopment/health/

21. Hao L, Yang QH, Li Z, et al. Folate status and homocysteine response to folic acid doses and withdrawal among
young Chinese women in a large-scale randomized double-blind trial. Am J Clin Nutr. 2008;88(2):448-457. doi:
10.1093/ajcn/88.2.448

22. McGee EJT, Sangakkara AR, Diosady LL. Double fortification of salt with folic acid and iodine. J Food Eng.
2017;198:72-80. doi:10.1016/j.jfoodeng.2016.11.019

23. Daly LE, Kirke PN, Molloy A, Weir DG, Scott JM. Folate levels and neural tube defects: implications for
prevention. JAMA. 1995;274(21):1698-1702. doi:10.1001/jama.1995.03530210052030

SUPPLEMENT 1.
Trial Protocol

SUPPLEMENT 2.
Data Sharing Statement

JAMA Network Open | Global Health Folic Acid–Fortified Iodized Salt and Serum Folate Levels in Women in India

JAMA Network Open. 2024;7(3):e241777. doi:10.1001/jamanetworkopen.2024.1777 (Reprinted) March 8, 2024 8/8

Downloaded from jamanetwork.com by guest on 03/14/2024

https://dx.doi.org/10.1002/path.2643
https://dx.doi.org/10.1002/path.2643
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2023.12876&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.1777
https://dx.doi.org/10.1016/j.ypmed.2018.05.023
https://dx.doi.org/10.2105/AJPH.2015.302902
https://dx.doi.org/10.1017/S1368980012003576
https://dx.doi.org/10.1002/14651858.CD012150.pub2
https://dx.doi.org/10.1002/14651858.CD012150.pub2
https://dx.doi.org/10.1017/S1368980013000256
https://dx.doi.org/10.1093/ajcn/nqz023
https://dx.doi.org/10.1002/bdr2.2115
https://dx.doi.org/10.1002/bdr2.2115
https://apps.who.int/gb/ebwha/pdf_files/WHA76/A76_R19-en.pdf
https://fortificationdata.org
https://fortificationdata.org
https://dx.doi.org/10.1002/bdr2.1769
https://dx.doi.org/10.1002/bdr2.1769
https://dx.doi.org/10.1016/j.tjnut.2023.06.037
https://www.ncbi.nlm.nih.gov/pubmed/10750071
https://www.ncbi.nlm.nih.gov/pubmed/10750071
https://www.accessdata.fda.gov/cdrh_docs/reviews/K092740.pdf
https://www.un.org/sustainabledevelopment/health/
https://dx.doi.org/10.1093/ajcn/88.2.448
https://dx.doi.org/10.1016/j.jfoodeng.2016.11.019
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.1995.03530210052030&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.1777

