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ABSTRACT 
 
 

Nutrition and health status of women using iron fortified iodised 

salt 

Prema Ramachandran *1, Honey Kumari *2, Arpita Roy Dam **3, Reema Agarwal **4, K. Kalaivani *5 

 

Background: Globally nearly 2 billion persons of all age, sex, and physiological groups are anaemic. Sustained 

use of iron fortified iodised salt (Double fortified salt DFS), improves haemoglobin and reduces the prevalence of 

anaemia without requiring dietary modification or iron supplementation. Since large-scale food fortification 

programmes provide fortified foods to the general population without prior screening or individual monitoring, it 

is essential to document the safety of long-term DFS use in general population  

Methods: A community-based open randomized study is being conducted among low middle-income families in 

South West Delhi, India, to assess the long-term impact of DFS use. Nutritional status, blood pressure, micronutrient 

profile, lipid profile, and liver, kidney and thyroid function tests were assessed in 919 women at enrolment and 

in 391 women who continued to use the allocated salt for six months and provided blood samples both at 

enrolment and after six months of use of the salt. 

Results: At enrolment, prevalence of under-nutrition was low (<5%), two-thirds of the women were overweight or 

obese and nearly three-quarters had abdominal adiposity. Hypertension was present in 7.8% of women. More 

than 80% had vitamin D deficiency, 47.1% had iron deficiency, 26.4% had vitamin B12 deficiency and 12.0% 

had folate deficiency. Although the prevalence of elevated total cholesterol and LDL cholesterol was low, low HDL 

cholesterol and elevated triglyceride and VLDL concentrations were common. More than 95% of women had 

normal liver, kidney and thyroid function tests. At enrolment, the profile of all women and the subset of women 

who provided blood samples at 0 and 6 months was similar. 

Comparison of paired observations showed that there were no significant changes in body weight, body mass 

index, blood pressure or prevalence of hypertension after six months of use of either DFS or iodised salt (IS). 

Small changes were observed in some biomarkers of micronutrients, lipid profile; the magnitude of these changes 

was small and unlikely to be of clinical or public health significance. There were no changes in liver, kidney or 

thyroid function tests after six months use of either DFS or IS. 

Conclusions: Use of DFS by apparently healthy women for six months was not associated with any changes in 

nutritional status, blood pressure, micronutrient profile, lipid profile, or liver, kidney and thyroid function which 

were of clinical or public health significance. These findings suggest that DFS can be safely used in food 

fortification programmes aimed at improving iron intake and haemoglobin status. 
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Introduction 
Globally, anaemia is the most common micronutrient deficiency disease affecting all age, sex, and physiological groups1. 

It is estimated that between 1990 and 2021 the number of anaemic persons in the world increased from 1.5 billion to 

1.9 billion2 and anaemia remains a major public health problem. India ranks the highest in terms of prevalence of 

anaemia, number of anaemic persons3 and persons suffering from adverse health consequences of anaemia4. The 

Sustainable Development Goals (SDG) has set the target of 50% reduction in the prevalence of anaemia in women of 

reproductive age (WRA) by 2030. Review of the global data indicate that this target is unlikely to be achieved5. 

 

In India, iron deficiency due to low dietary iron intake and poor bio-availability of iron in habitual Indian diets are the 

major factors responsible for nutritional anaemia. The focus of global and national anaemia prophylaxis and control 

programmes had been on iron and folic acid (IFA) supplementation to vulnerable groups3,4. In pregnancy, IFA coverage 

ranges between 30-50%; but compliance and continuation rates of IFA supplementation is low because about one-third 

or more of the persons receiving IFA supplements had troublesome minor gastro-intestinal side effects4,6. Coverage under 

IFA supplementation is very low in children and WRA. The drug cost of prophylactic IFA supplementation to all vulnerable 

groups is low but cost of logistics of supply, administration of IFA and monitoring of the impact are labour intensive and 

therefore programme costs are high. Taking these factors into account, the WHO expert group has recommended that 

food fortification may be an effective, inexpensive and sustainable strategy for improving iron intake of the population, 

especially, the poorer segments, and reduce the prevalence of anaemia7. 

 

India has been a pioneer in development, evaluations and use of iron fortified iodised salt. The technology for 

manufacture of iron fortified iodised salt (DFS) is relatively simple and affordable8,9. The Food Safety and Standards 

Authority of India (FSSAI) has approved two formulations of DFS for voluntary fortification of salt with iron and iodine10. 

Research studies in India have shown that continued use of DFS results in improvement of Hb by 0.3 g/dL in WRA and 

0.6 g/dL in anaemic persons in one year11. Continued use beyond one year brings about further improvement in Hb 

levels12. Reviews of research studies showed that sustained use of DFS results in significant improvement in haemoglobin 

and ferritin levels, reduction in the prevalence of anaemia and iron deficiency; DFS use was not associated with any 

adverse health consequences13-16. 

 

In an attempt to improve iron intake in children and to improve awareness about use of DFS, Dept of Woman and Child 

Development (DWCD) issued guidelines in 2011 that DFS should be used for preparation of hot cooked meal provided 

to 3-5 year children under Integrated Child Development Services (ICDS)17 and school children under the Mid Day Meal 

(MDM programmes18. Under the anaemia control programme all children are to receive prophylactic IFA 

supplementation19. There has been concerns about potential adverse consequences of iron overload due to use of multiple 

iron fortified food stuffs and concurrent IFA supplementation especially in segments of population who were not iron 

deficient20. 

 

Several state governments (eg Bihar, Chhattisgarh, Delhi, Madya Pradesh, Tamil Nadu and Uttar Pradesh) had made 

DFS available both through open market and through Public Distribution System (PDS) at a subsidised cost. Offtake of 

the DFS was low and not sustained even when DFS was provided through PDS or given free of cost14,16. This had been 

attributed partly to the  
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lack of awareness about the benefits of DFS use and partly due to the worry that use of new products such as DFS may 

have adverse health consequences. Fortification programmes, such as universal salt iodisation, state level DFS supply or 

oil fortification with Vitamin A & D, provide fortified foods to the population without any prior screening, supervision or 

monitoring of individuals using the product. It is therefore essential to generate data on the safety of use of the fortified 

product by the general population. 

 

Our institution is undertaking a community based open randomised study to assess the safety and  impact of long-term 

use of DFS on Hb and iron status of urban low middle income families. As a part of this study our research team had 

assessed nutritional status, measured blood pressure and collected blood samples at enrolment and after six months of 

use of the allocated salt. Biochemical parameters for assessing micronutrient nutritional status, lipid profile, liver, kidney 

and thyroid functions were estimated in blood samples. Data from the study were analysed to assess nutrition and health 

status of women prior to enrolment and the changes, if any, in these parameters after use of allocated salt for six months; 

the results from the study are presented in this manuscript. Documentation that DFS can be safely used by general 

population accessing food fortification programmes aimed at improving iron intake and haemoglobin status may help in 

increasing production and accelerate availability, access, acceptance and sustained use of DFS. 

 

Material and methods 

The community-based open randomised study is being conducted in three purposively chosen blocks in South West Delhi, 

India; our institution had been working with this community for the past decade and has built up rapport with the people 

and health and nutrition service providers. The study design is given in Fig 1. A household census of the area was conducted 

and low middle-income families living in the area were identified. Study information sheet about the open randomised 

study to assess long term impact of DFS use was given to all these families. The research team discussed the study with 

the families, explained the inclusion and exclusion criteria. The team emphasised the need for having one identified 

woman in the family who usually cooks and serves the family meals, who will receive the salt and provide information 

about the salt use. One week later the families were revisited and informed consent was obtained from families who 

were willing to participate in the study. Families who fulfilled the inclusion criteria and consented to participate in the 

study were allocated to either IS or DFS using a computer-generated random allocation. 

 

Socio-demographic details of the families were obtained at enrolment. Our research teams undertake home visits 

between 9.30 AM and 12.30 PM. During this time most of the men are at work and children at school; as over 80% of 

women were home-makers, they were available at home. Height (measured using wall-mounted stature-meter; accuracy 

of 0.1cm) and weight (measured using digital weighing machine accuracy of 100g) were measured in all available and 

willing women, men and children in the family. Blood pressure was measured using a digital blood pressure monitor in all 

available and willing women and men. Blood samples were collected by venepuncture from women and men and children 

who were available at the time of the visits and had given informed consent for providing blood samples. The study team 

ensured that assessment of nutritional status, blood pressure measurement and blood sample collection was done at least 

in one woman in each family. 
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Table 1: Methods used for biochemical estimations 

Micronutrients Method used 

Ferritin ng/ml 

Chemiluminescent 

Immunoassay (CLIA) 

Folic Acid ng/ml 

Vitamin B12 pg/ml 

Vitamin D ng/ml 

Lipid profile  

Triglyceride mg/dL GPO 

Cholesterol Total mg/dL Enzymatic 

Cholesterol HDL mg/dL Cholesterol Esterase 

Cholesterol LDL mg/dL 
Calculated 

Cholesterol VLDL mg/dL 

Liver function tests  

tal Protein g/dL Biuret 

Albumin g/dL BCG Dye Binding 

Aspartate transaminase (AST) U/L 
Modified IFCC 

Alanine transaminase (ALT) U/L 

Alkaline phosphatase (U/L) IFCC Standardization 

Gamma-glutamyl transferase GGT(U/L) Modified IFCC 

Bilirubin Total mg/dL 
Vanadate oxidation 

Bilirubin direct 

Kidney function tests  

Blood urea nitrogen (mg/dL) Urease with GLDH 

Creatinine Alkaline picrate-kinetic 

Uric Acid (mg/dL) Uricase/Peroxidase 

Thyroid function tests  

T3 (ng/dL) 
Chemiluminescent 

Immunoassay (CLIA) 
T4 (µg/dL) 

TSH (uIU/mL 

 

Families were followed up every month, to confirm that they had used only the salt provided; problems, if any, in the 

continued use of salt were ascertained and appropriate nutrition and health education were provided. During their 

monthly visits, the research team weighed the remaining salt, estimated the salt used during the month, ascertained the 

amount of salt needed for next month and provided the same. Of 735 families enrolled 611 continued to use the salt at 

6 months. 

 

To assess the safety of use of DFS, an attempt was made to undertake assessment of nutritional status, measurement of 

blood pressure and collection of blood samples in women both at enrolment and after use of the allocated salt for six 

months. While the women were willing for anthropometric and blood pressure measurements once in six months, they 

https://doi.org/10.18103/mra.2026.0425
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were reluctant to provide blood sample every six months. The research teams informed them about the need for periodic 

blood sample collection to assess the impact of the DFS use and continued to provide salt to those families who were 

willing to continue use of the allocated salt. In a sub set of 391 women who had provided paired blood samples both at 

enrolment and after six months of use of the allocated salt, biochemical markers for micronutrient nutritional status, lipid 

profile, liver, kidney and thyroid function tests were carried out. 

 

BIOCHEMICAL ESTIMATIONS 

Blood samples were processed and separated serum was frozen till analysis. The assays were done in a laboratory 

recognised by the National Accreditation Board for Testing and Calibration of Laboratories (NABL) in India. Methods 

used for the biochemical assays is given Table 1. All samples were coded and the laboratory which undertook biochemical 

estimations was blinded to the group from which the samples were drawn and whether they were initial or follow-up 

samples. 

 

The results of anthropometric measurements, blood pressure and biochemical estimations were given to each person who 

participated in the study. The study was approved by the Institutional Ethics Committee. Permission to carry out the study 

was obtained from the Dept of Women and Child Development of the National Capital Territory Region, Delhi, India. 

The study was registered with the Indian Council of Medical Research (ICMR) Clinical Trial Registry 

(CTRI/2024/11/076243). 

 

SAMPLE SIZE 

Available data on from our earlier studies showed that use of DFS for 12 months, resulted in improvement in Hb of about 

0.3-0.5 g/dL and a further rise in Hb between 12 and 24 months of 0.2 to 0.3 g/dL. Based on these data it was assumed 

that the improvement in Hb at 36 months will be 0.5 g/dl. Majority of the families in the study area were semi-skilled or 

skilled workers who had migrated from neighbouring rural areas. They tended to move as and when job opportunities 

came up in other areas of the city; some moved back to their village because they could not find sustained work with 

adequate renumeration. Previous longitudinal studies in this community had shown that discontinuation rate of salt use was 

between 40%-50% at 12 months because the family moved out of the area. It was estimated that only about 30% of 

women may continue use of the salt provided and provide blood samples at the end of three years. 

 

The sample size was calculated to detect a difference of 0.5 g/dL in mean haemoglobin concentration between the 

double fortified salt (DFS) group and the iodised salt control group at 36 months. Assuming a standard deviation in Hb 

of 1.4 g/dL, a one-tailed significance level of 5% (α=0.05), and 90% power (1−β=0.90), the required sample size for 

comparison of two independent means was estimated to be 135 women per group. Taking into account the anticipated 

attrition rate of 70% over the 36-month follow-up period, enrolment of 450 women per group (a total of 900 women 

for the study) will be required. 

 

DATA ENTRY, DATA CLEANING AND DATA ANALYSIS 

Data entry was done in MS Excel; data cleaning was done using MS Excel and SPSS 30. Data analysis was done with 

SPSS version 30 and Stata version 15. The primary unit for providing the intervention (salt) was the family. The primary 

unit for assessment of the impact of DFS was the woman from the families using the salt. The data collected in women at 

the time of enrolment and at 6 months of use of IS and DFS were analysed to assess: 

➢ differences if any between DFS and IS at 0 and 6 months of use and 

https://doi.org/10.18103/mra.2026.0425
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➢ changes, if any, between 0 and 6 months in the following parameters: 

• nutritional status, abdominal adiposity, blood pressure; 

• micronutrient and lipid profile; and 

• liver, kidney and thyroid function. 

 

Data pertaining to the men and children were not analysed because they were a small and self-selected group. 

Continuous variables were expressed as mean ± standard deviation (SD), while categorical variables were summarized 

as frequencies and percentages. T- test for independent samples was used for comparison of continuous variables in 

parameters between DFS and IS groups at 0 months or after 6 months of use of the allocated salt. Chi-square (χ²) test 

was used for comparison of categorical variables in parameters between DFS and IS groups at 0 months or after 6 

months of use of the allocated salt. 

 

Paired t test was used for comparing paired observations in continuous variables in parameters at 0 and 6 months in DFS 

users and IS users. McNemar’s test was used for comparing the paired observations on categorical variables at 0 and 6 

months in DFS and IS users. All statistical tests were two-tailed, and a p-value <0.05 was considered statistically 

significant. 

 

Results 

A total of 735 families were enrolled for the study. All these families were given the salt allocated to them by computer-

based random allocation. The research teams undertook home visits every month and provided the salt required for the 

next month; families also received nutrition and health education. Intensive efforts were made to ensure that all families 

who continued to reside in the area received salt on schedule and continued to use the same. At six months 667 families 

were continuing to use the allocated salt. 

 

SOCIO-DEMOGRAPHIC PROFILE OF THE FAMILIES 

Analysis of data on the socio-demographic profile of families showed that the majority were nuclear families (58.5%). 

Nearly three-fourths (74.1%) of the fathers and over half of the mothers (56.3%) had secondary school education. The 

majority of the fathers were semi-skilled workers (60.2%); 1/5th worked in white-collar jobs. The majority of women were 

homemakers (93.6%). Over 80% (81.1%) of households lived in brick-and-mortar buildings; 45.7% owned their houses; 

the rest, mostly migrant laborers, lived as tenants. Access to piped water supply and flush toilets was available to over 

3/4th of the families. Almost all used Liquefied Petroleum Gas (LPG) for cooking. Nearly all families had a color TV and 

mobile phone; both these were their source of entertainment. The families stated that their monthly income was sufficient 

to ensure food-security and take care of their essential requirements for education and health care but because of urban 

housing constraints, they had to live in unhygienic environment in small two or three-room tenements. 

 

PROFILE OF THE ENROLLED WOMEN 

A total of 919 women were enrolled for the study. The mean age of these women was 37±12.7 years (19-29 years 

33.2%; 30-49 years 47.6% and ≥ 50years 19.2%). Among these women prevalence of under-nutrition was <5%; over 

2/3rd of these women was over-nourished and nearly 3/4th had abdominal adiposity (Table 2). 

Table 2: Anthropometric profile of women at enrolment 

https://doi.org/10.18103/mra.2026.0425
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Height(cm)  Weight (kg) BMI 

152.7±6.62 (740) 63.4±13.43 (749) 27.1±5.12 (735) 

Midarm circumference (cm) Waist circumference (cm) Hip- circumference (cm) 

27.2±4.16 (701) 81.8±12.00 (702) 98.0±10.43 (702) 

Values are mean ± SD Figures in parenthesis indicate number of women 

Nutritional status (BMI) of women (%) 

<18.5.(under-nourished) 18.5 to 24.9 (normal) ≥ 25 (over-nourished) 

3.6 30.1 66.3 

Prevalence of abdominal adiposity in women (%)  

Waist circumference ≥80 cm Waist hip ratio ≥ 0.8 Waist height ratio ≥ 0.5 

55.9 73.1 71.9 

 

At enrolment, the mean systolic blood pressure was 117.1±17.37 and mean diastolic pressure was 79.2±11.48 mm of 

Hg; 7.8% of these women had hypertension (BP of ≥ 140/≥ 90 mm of Hg). The reported prevalence of hypertension 

was low because, families with persons diagnosed as having systemic health problems, communicable or non-

communicable diseases were excluded from the study. 

 

BIOCHEMICAL ESTIMATIONS AT ENROLMENT  

Biochemical parameters used for assessment of major micronutrient deficiencies were estimated in 919 women at 

enrolment (Table 3). Over 80% had vitamin D deficiency. Nearly half of these women were iron deficient; one fourth 

had vitamin B12 deficiency and one tenth had folate deficiency. These data indicate that in these women prevalence of 

micronutrient deficiencies was high. 

 

Table 3: Micro-nutrient status of women at enrolment 
 

Mean Cut off for deficiency  % deficient 

Ferritin ng/ml (915) 26.28 ± 31.33 <15ng/ml 47.1 

Folic Acid ng/ml (911) 6.09 ± 4.28 <3ng/ml 12.0 

Vitamin B12 pg/ml (908) 276.33 ± 184.17 <200pg/ml 26.4 

Vitamin D ng/ml (911) 12.68 ± 10.69 <20ng/ml 83.4 

Figures in parenthesis indicate numbers. 

 

Lipid profile of women at the time of enrollment is given in Table 4. Nearly half of these women had low high-density 

lipoprotein (HDL) cholesterol. More than one-third had high triglycerides and high very low-density lipoprotein (VLDL) 

cholesterol. Prevalence of total cholesterol ≥ 200 mg/dL and low-density lipoprotein (LDL) cholesterol ≥ 130mg/dL were 

relatively lower. The high prevalence of over-nutrition, abdominal adiposity, high triglyceride and VLDL and low HDL 

cholesterol indicate that these women were at risk of CVDs. 
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Table 4: Lipid profile women (919) at enrolment  
Mean Cut-off for risk of CVD % at risk of CVD 

Triglyceride 141.3±73.96  ≥150 mg/dL 35.8 

Cholesterol Total 153.0±34.60  ≥200 mg/dL 9.1 

Cholesterol LDL 80.3±26.48  ≥130 mg/dL 4.1 

Cholesterol VLDL 27.9±14.07  ≥30 mg/dL 35.6 

Cholesterol HDL 36.9±17.91  <40 mg/dL 47.0 

Figures in parenthesis indicate numbers. 

 

Biochemical parameters used for assessment of liver, kidney and thyroid function were estimated in all women at 

enrolment. The percentage of women with values for each of these tests less than the cut-off for abnormal values, or 

within the “normal range” is indicated in Table 5. Over 95% of these apparently healthy women had normal liver, kidney, 

and thyroid function. 

 

Table 5: Liver, Kidney and thyroid function tests in women (919) at enrolment 

Liver function tests Mean Normal range % normal 

Total Protein g/dL 6.8±0.59 5.7-8.2 97.2 

Albumin g/dL 4.10 ± 0.36 3.2-4.8 97.4 

  Cut off value  

Aspartate transaminase (AST) U/L 24.8±14.84 <34 90.1 

Alanine transaminase (ALT) U/L 13.3±13.50 <50 98.9 

Alkaline phosphatase (U/L) 91.8±38.97 <117 82.6 

Gamma-glutamyl transferase GGT(U/L) 24.2±25.11 <39 87.8  

Bilirubin Total mg/dL 0.4±0.23 <1.4 99.1 

Bilirubin Direct mg/dL 0.1±0.07 <0.4 98.2 

Kidney function tests  
   

Blood urea nitrogen (mg/dL) 10.3±3.14 <24 99.6 

Creatinine (mg/dL) 0.6±0.15 <1.03 98.6 

Uric Acid (mg/dL) 4.0±1.13 <6.2 96.0  

Thyroid function tests  Mean Normal range % normal 

T3 (ng/dL) 1.2±0.24 0.60-1.81 97.7 

T4 (µg/dL) 8.0±2.09 4.5-12.6 94.4 

TSH (uIU/mL) 4.0±12.55 0.55-4.78 86.1 

 

COMPARISON OF NUTRITIONAL STATUS AND BLOOD PRESSURE AT 0 AND 6 MONTHS 

Data on weight, BMI and nutritional status in women at enrollment (0 month) and after use of the allocated salt for 6 

months is given in Figs 2 A & B and Fig 3. None of the differences in the mean weight and BMI or prevalence of under- 

or over-nutrition between 0 or at 6 months either in DFS or in the IS groups were statistically significant. These data 

indicate that random allocation of salts had eliminated systemic bias and ensured equivalence between study groups. 

Paired t test and McNemar’s test showed that the differences in all these parameters between 0 and 6 months in DFS or  

https://doi.org/10.18103/mra.2026.0425
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IS groups were not statistically significant. 

 

 

 

 

 

Data on systolic and diastolic blood pressure and prevalence of hypertension in women who had taken the allocated salt 

for 6 months is given in Figs 4 A and B. None of the differences in the mean systolic or diastolic blood pressure or 

prevalence of hypertension between DFS and IS groups at 0 month or at 6 months were statistically significant. Paired t 

test (systolic and diastolic blood pressure) and McNemar’s test (prevalence of hypertension) showed that the differences 

in blood pressure and hypertension between 0 and 6 months were not statistically significant either in DFS or in IS groups. 

These data indicate that use of DFS or IS for 6 months was not associated with any change in the body weight, BMI, 

nutritional status, blood pressure or prevalence of hypertension. 
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BIOCHEMICAL PARAMETERS IN PAIRED SAMPLE COLLECTED AT ENROLLMENT AND AFTER 6 MONTHS OF USE OF THE 

ALLOCATED SALT 

The study protocol envisaged six monthly blood sample collection in women using the allocated salt. But many women 

were unwilling to provide blood samples after 6 months of use of the salt. Blood sample collected in 391 women (179 

DFS users and 212 IS users) who had provided blood samples at enrolment and after use of the allocated salt for six 

month were analyzed for micronutrient and lipid profile and liver, kidney and thyroid function tests. Comparison of data 

at enrolment on biomarkers of micronutrient status, lipid profile, liver, kidney and thyroid function tests in all the 919 

women and the subsample of the 311 women who provided paired samples showed that the profile of the two groups 

was similar. 

 

Micronutrient status of women as assessed by mean levels of biomarkers is given in Table 6. There were no statistically 

significant differences in any of the micronutrient parameters between IS and DFS groups either at 0 month or after use 

of allocated salt for six months indicating that the randomization has achieved comparable groups.  

Paired t test showed that between 0 and 6 months, there was a statistically significant: 

➢ increase in ferritin levels in the IS group 

➢ increase in folic acid levels between 0 and 6 months both in DFS and IS groups 

➢ decrease in the Vit B12 both in DFS and IS groups and 

➢ increase in the vit D levels in IS group. 
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Table 6: Micro-nutrient status of women at 0 and 6 months (paired values) 

Parameter 
DFS IS 

Number 0 month 6 months Number 0 month 6 months 

Ferritin 179 33.0 ± 43.72 35.9 ± 46.84 212 30.4 ± 36.02 36.28 ± 49.30 

Folic Acid 178 5.9±3.92 7.1±4.52 208 6.0±4.19 8.0±5.95 

Vitamin B12 273.3±207.98 243.5±223.36 206 274.50±172.87 238.1±123.98 

Vitamin D 179 12.8±11.68 13.7±9.54 210 12.6±11.04 14.3±11.96 

Student t test between DFS and IS at 0 month and at 6 months NS 

Paired t test (0 and 6 months) 

increase in ferritin from 0 to 6months: IS group p<0.03 

Increase in folic acid from 0 to 6 months: DFS group (p = 0.002) IS group (p < 0.001) 

Vitamin B12 decrease from 0 to 6 months in DFS group p <0.03; in IS group (p = 0.006) 

Vitamin D increase from 0 to 6 months in IS group p value =0.02 

 

The observed differences in ferritin and folic acid levels might be due to varied seasonal availability and consumption 

of green leafy vegetables in Delhi. The reason for the observed reduction in vitamin B12 levels both in IS and DFS groups 

is not known. The small increase in mean Vit D levels may be due to seasonal changes in vit D levels. 

 

Prevalence of micronutrient deficiencies in paired samples collected at 0 and 6 months in women using allocated salt for 

6 months is given in Fig 5. There were no differences in the prevalence of deficiencies in different micronutrients between 

DFS and IS groups either at 0 or at 6 months of use of the allocated salt. 

 

 

 

McNemar’s test showed that that there was a statistically significant: 

➢ reduction in the prevalence of iron deficiency both in DFS and IS groups; and 

➢ increase in prevalence of vit B12 deficiency both in the DFS and in IS groups. 
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The reduction in iron deficiency in DFS group might be due to higher iron consumption due to DFS use. The reason for the 

observed increase in vit B12 deficiency is not known. The magnitude of difference in the mean micronutrient levels and 

prevalence of micronutrient deficiencies were small and may not have any nutritional implications. 

 

There were no statistically significant differences between DFS and IS users in total cholesterol, triglycerides, HDL, LDL, 

or VLDL cholesterol either at enrolment, and after six months of use of the allocated salt (Table 7). 

 

Table 7: Lipid profile in women in women at 0 and at 6 months (paired data) 

Parameter 
DFS IS 

Number 0 month 6 months Number 0 month 6 months 

Cholesterol 

Total 

179 165.8±35.72 171.4±35.89 211 167.4±36.1 173.6±38.42 

Triglyceride 123.6±63.41 129.8±67.25 126.9±69.82 135.7±74.63 

Cholesterol 

HDL 

36.6±21.06 40.3±9.39 212 35.1±20.05 41.3±9.44 

Cholesterol 

LDL 

85.0±26.29 74.5±23.33 82.0±27.21 71.5±23.02 

Cholesterol 

VLDL 

24.7±12.68 26.0±13.45 211 25.4±13.96 27.14±14.93 

Student t test between DFS and IS at 0 month and at 6 months for all parameters NS 

Paired t test (0 and 6 months) 

increase in total cholesterol: DFS group p value =0.005; IS group p value=0.001 

Increase in triglyceride: DFS group (p = 0.031) IS group (p = 0.003) 

Increase in HDL in DFS group p <0.003; in IS group (p <0.001) 

Decrease in LDL 6 months DFS gr: <0.001; in IS gr <0.001 

Increase in VLDL DFS gr p value 0.03; IS gr 0.003 

 

Paired t test showed that between 0 and 6 months, there was a statistically significant increase in total cholesterol, 

triglyceride, HDL and VLDL and a decrease in LDL both in DFS and IS groups. There were no statistically significant 

differences between DFS and IS users regarding prevalence of biochemical risk factors for CVD either at enrolment, and 

after six months of use of the allocated salt (Fig 6). McNemar’s test for paired values between 0 and 6 months regarding 

prevalence of biochemical risk factors for CVD in DFS and IS showed that there was statistically significant increase in 

the prevalence of levels indicative of biochemical CVD risk for total cholesterol, triglyceride and VLDL in IS group and 

HDL levels DFS group; there was reduction in the prevalence of biochemical risk levels in LDL cholesterol in DFS group. 

However, the magnitude of the changes in the mean values as well as prevalence of biochemical risk factors for CVD 

over 6 months of use of allocated salt was very small and is unlikely to have any health implications. 
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There were no statistically significant differences in the mean values of any of the liver, kidney and thyroid function tests 

between DFS and IS users either at enrolment, or after six months of use of the allocated salt (Table 8). Paired t test 

showed that between 0 and 6 months, there was a statistically significant increase in total protein and albumin, ALT, 

Alkaline phosphatase and T3 in IS group, decrease in T4 both in DFS and IS. These changes were of a small magnitude 

and are unlikely to have any health implications. 

 

Liver, kidney and thyroid function tests which were outside the normal range or above the normal levels was less than 

10% at enrolment, and after six months of use of either DFS or IS (Fig 7, 8, 9). McNemar’s test for paired values between 

0- and 6-months regarding prevalence of values not in normal range or above the cut off levels showed that there were 

no significant changes in the prevalence of these between enrolment and after six months use of the allocated salt. Data 

presented in Table 8 and Fig 7-9 indicate the that use of either of these salts for 6 months was not associated with any 

changes in liver, kidney or thyroid function. 
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Table 8: Liver, Kidney and thyroid function tests in women at 0 and 6 months (paired data) 

Parameter 
DFS IS 

Number 0 month 6 months Number 0 month 6 months 

Liver function tests 

Total protein 

179 

7.2±0.61 7.3±0.67 

212 

7.2±0.64 7.4±0.69 

Albumin 4.1±0.48 4.2±0.46 4.1±0.50 4.2±0.47 

AST 24.8±10.72 25.9±11.84 25.1±11.38 26.5± 12.50 

ALT 26.7±14.93 27.8±15.76 27.3±15.42 29.2±16.84 

Alkaline phosphatase 88.5±34.62 91.8±37.45 90.0±36.18 94.7±39.84 

GGT 21.4±12.86 22.2±13.54 22.1±13.47 23.6±14.92 

Bilirubin Total 0.7±0.29 0.7±0.31 0.7±0.30 0.7±0.33 

Bilirubin direct 0.2±0.09 0.2±0.10 0.2±0.10 0.2±0.11 

Kidney function tests         

Blood urea nitrogen 13.8±4.72 14.3±4.95 14.0 ±4.89 14.6±5.18 

Creatinine 0.7±0.15 0.8±0.16 0.8±0.16 0.8±0.17 

Uric acid 4.5±1.18 4.6±1.22 4.5±1.15 4.7±1.26 

Thyroid function tests         

T3 1.2±0.31 1.2±0.33 1.2±0.29 1.3±0.34 

T4 
178 

8.2±2.10 7.7±1.84 
208 

8.0±2.09 7.6±2.02 

TSH 3.8±5.46 3.0±6.46 4.4±15.07 4.6±18.74 

Student t test between DFS and IS at 0 month and at 6 months for all parameters NS 

Paired T test (0 and 6 months) 

Increase in: 

➢ total protein DFS gr p value=0.012; IS gr p value=0.001 

➢ albumin DFS gr: 0.04; IS gr <0.001; 

➢ ALT IS gr p value=0.036; 

➢ Alkaline phosphatase IS gr 0.02; 

➢ T3 IS Gr p value 0.04 

Decrease in T4 DFS Gr p value <0.001; IS gr p value 0.004 
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Discussion 

Nutritional anaemia due to iron, folic acid and vit B12 deficiency affects nearly 2 billion persons in the world1,2. India 

continues to have the highest prevalence of anaemia in the world and the largest number of anaemic persons in the 

world3,4. Iron folic acid (IFA) supplementation had been the sheet anchor of the global and national programmes to 

combat nutritional anaemia. In India coverage under IFA supplementation to pregnant women had improved substantially 

but coverage in children and women remained below 10%. Iron supplementation is associated with minor but troublesome 

side effects in over one-third of the persons; therefore, continuation rates of IFA supplementation is low: ranging between 

30-40% in pregnant women and less than 10% in other groups4. While the drug cost of IFA supplementation is low; 

logistics of supply, administration of IFA and monitoring of the impact are labour intensive and therefore programme 

costs are high. Given the widespread iron deficiency and anaemia in all age and sex groups in low and middle-income 

countries, food fortification may be a relatively inexpensive and sustainable method of increasing the iron intake and 

improving Hb status without altering dietary habits7,21. 

 

India invested in the development and evaluation of iron-fortified iodised salt (double fortified salt - DFS) for increasing 

iron intake of the population because: 

➢ salt is used by all segments of the population; 

➢ risk of excessive as well as low consumption of salt is small; 

➢ salt is relatively inexpensive; and 

➢ fortification cost is relatively low. 

 

The National Institute of Nutrition (NIN), Hyderabad, India developed the technology for DFS using ferrous sulphate as 

the iron compound, sodium hexametaphosphate (SHMP) as the stabiliser which prevents the reaction between iron and 

iodine. Both SHMP and ferrous sulphate are readily available and are relatively inexpensive. The technology used is dry 

mixing; the colour of fortified salt is similar to the iodised salt. Studies carried out by NIN showed that use of DFS was 

associated with improvement in Hb8,22. 

 

Research studies over the last two decades in India and elsewhere have confirmed that use of iron fortified iodised salt 

resulted in slow but sustained improvement in Hb levels11-16. In an attempt to improve iron intake in children and to improve 

awareness about use of DFS, DWCD issued guidelines (in 2011) that DFS should be used for preparation of hot cooked 

meal provided to 3-5 year children under ICDS and school children under the MDM17,18. Several state governments (eg 

Bihar, Chhattisgarh, Delhi, Madya Pradesh, Tamil Nadu and Uttar Pradesh) had made DFS available both through open 

market and through PDS14,16. However, DFS production, availability and use have been low and have not improved over 

the last two decades because the  offtake of  DFS was low in large scale DFS programmes. This was because: 

➢ anaemia is asymptomatic and persons do not know that they are anaemic; and 

➢ improvement in Hb associated with DFS use is slow and is not associated with any perceptible improvement in 

quality of life. 

 

Health and nutritional status of the population prior to and after use of DFS 

Fortified foods are used by the general population for long periods of time; some segments of the population may not 

even know that they are consuming a fortified food product. In large scale food fortification programmes, it will not be 

https://doi.org/10.18103/mra.2026.0425


  

Medical Research Archives | https://doi.org/10.18103/mra.2026.0425 19 

THE EUROPEAN SOCIETY OF MEDICINE 
 

possible to screen the persons using the fortified product for health and nutrition problems either prior to or during the 

use of the fortified product. It will also not be possible to supervise the intake and monitor the impact in individuals using 

fortified food products. It is therefore essential to generate data on the safety of use of the fortified product by the 

general population. 

 

The present study was undertaken to obtain comprehensive information on the nutritional and health status of apparently 

healthy women from urban low middle-income families who had been using either DFS or IS. In 919 women data on 

nutrition and health status at enrolment were analysed to define the profile of the apparently healthy women 

participating in the study. In a subsample of 391 women in whom paired data at enrolment and after 6 months of use of 

DFS or IS were analysed to assess: 

➢ differences, if any, between DFS and IS group either at enrolment or at 6 months to find out whether 

randomisation at enrolment had ensured that the profile of DFS and IS users at enrolment and those who used 

the allocated salt for six months was similar; and 

➢ changes, if any, in nutritional and health status of DFS and IS in salt users over a six month period. 

 

NUTRITIONAL STATUS 

All these women were apparently healthy, were asymptomatic and did not have any health problems at the time of 

enrolment. At enrolment prevalence of under-nutrition was <5%; over-nutrition was seen in 2/3rd of these women; nearly 

3/4th had abdominal adiposity. These data are similar to the data reported from earlier studies on nutritional status of 

women from urban low middle income families23. The research team informed over-nourished women that they are at 

higher risk of hypertension and non-communicable diseases and advised them to reduce consumption of energy dense 

foods and increase physical activity. These women understood the advice but faced several problems in implementing 

the same. 

 

Comparison of the paired data at 0 and 6 months showed that: 

➢ there were no changes in the dietary habits or lifestyle of these women, and 

➢ there were no significant changes in the mean weight or BMI or prevalence of under- and over-nutrition. 

 

Six months is a too short a time for substantial changes to occur in lifestyle, nutritional status or adiposity. Continued 

follow-up of this cohort may provide useful information regarding long-term trends in obesity and hypertension and 

whether these differ between DFS and IS users. 

 

Prevalence of micronutrient deficiencies in these women was high at enrolment: over 80% had vitamin D deficiency; 

nearly half were iron deficient; one fourth had vitamin B12 deficiency and one tenth had folate deficiency. Despite the 

high prevalence of micronutrient deficiencies, none of the women had any symptoms or health problems which could be 

related to the micronutrient deficiencies. Data on prevalence of micronutrient deficiencies reported in the present study 

are similar to the data on prevalence of micronutrient deficiencies reported in women from this community24-25. 

 

Analysis of the paired data between 0 and 6 months in DFS and IS showed that there were small but statistically significant 

changes in some biomarkers of micronutrient status indicators during follow-up. Ferritin concentrations increased and the 

prevalence of iron deficiency declined in both groups, although the changes were not substantially different between 
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DFS and IS users. All women received nutrition and health education on importance of increase in the intake of vegetables; 

some women might have followed the advice especially when green leafy vegetables with high micronutrient content 

were available in winter season. This, to some extent, might be responsible for the observed improvement in ferritin levels 

in both IS and DFS groups at 6 months. 

 

There was a statistically significant increase in folic acid levels between 0 and 6 months both in DFS and IS groups. The 

observed differences in folic acid levels might be due to varied seasonal availability and consumption of green leafy 

vegetables in Delhi. There was a statistically significant decrease in the mean Vit B12 levels in the IS group. The reason 

for this was not clear. 

 

Data from the present study indicated that there were small but statistically significant changes between 0 month and 

after 6 months in some of the parameters of micronutrient nutritional status both in terms of improvement in group means 

and reduction in prevalence of deficiency both in DFS and IS groups. The magnitude of changes in the micronutrient levels 

and prevalence of micronutrient deficiencies over six months in DFS and IS users were small and are unlikely to have 

nutrition or health implications. 

 

BLOOD PRESSURE AND LIPID PROFILE 

At enrolment the prevalence of hypertension BP of ≥140/≥90 mm of Hg) in these women was 7.8%., probably because 

families with known chronic illnesses were excluded from the study. Paired observations in women who continued use of 

DFS or IS for six months did not show any change in the prevalence of hypertension. Six months is too short a time for 

women to develop significant changes in prevalence of hypertension. Analysis of the data from this community based 

randomised study will provide insights regarding changes, if any, in the prevalence of hypertension women over a three 

year period and whether there was any difference in the prevalence of hypertension between DFS and IS users. 

 

Analysis of lipid profile of these women at enrolment showed that the prevalence of high total cholesterol and LDL 

cholesterol was relatively low, a substantial proportion of women had low HDL cholesterol and elevated triglyceride and 

VLDL concentrations, indicating increased cardiovascular risk. The coexistence of overweight, abdominal adiposity and 

dyslipidaemia highlights the growing burden of non-communicable disease risk factors among urban Indian women. 

 

Comparison of the paired data on lipid parameters between 0 and 6 months showed some small but statistically 

significant changes over six months in both DFS and IS groups; these changes are unlikely to have any clinical or public 

health significance. 

 

LIVER, KIDNEY AND THYROID FUNCTION TESTS 

Analysis of data pertaining to biochemical parameters used for assessing liver (except enzymes), kidney and thyroid 

function (except TSH) showed that over 95% of women were normal. It is a very reassuring finding that the general 

population did not have major asymptomatic, undetected health problems related to liver, thyroid or kidney functions. 

Analysis of the paired data in women who had used either DFS or IS for six months showed that there were no significant 

changes in any of these parameters over six months either in terms of the mean values or changes in the proportion of 

women having normal values. These data indicate that use of DFS was not associated with any adverse effects on liver, 

kidney or thyroid function. 
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Experience with large scale use of DFS 

In an attempt to improve iron intake in children and to improve awareness about use of DFS, DWCD issued guidelines in 

2011 that DFS should be used for preparation of hot cooked meal provided to 3-5 year children under ICDS17 and 

school children under the MDM18. Due to these programmes, mothers, teachers, students and their families have become 

familiar with the use of DFS in preparation of common regional food preparations. Available data indicate that DFS is 

not readily available throughout the year. Therefore, use of DFS for the preparation of hot cooked meal in these 

programmes has not been continuous and sustained. As the hot cooked meal supplies 1/4th to 1/3rd of the iron 

requirements of the children, these programmes by themselves cannot contribute substantially to improvement in iron 

intake or Hb in children. 

 

Several states (eg Bihar, Chhattisgarh, Delhi, Madya Pradesh, Tamil Nadu and Uttar Pradesh) had made DFS available 

both through open market and through PDS. But the production, distribution and use of the DFS have not been sustained 

over a long period in any of these states. The coverage and the impact of most of these programmes had not been 

assessed and reported widely. Large scale DFS supply programmes in Bihar, Uttar Pradesh and Madya Pradesh have 

undergone mid-term evaluation. These evaluations have documented that the offtake of the DFS was low and not 

sustained even when the economic barrier of higher cost was eliminated by providing DFS through PDS, open market at 

subsidized rate or DFS provided free to selected families. The impact in terms of improvement in Hb was low because of 

the low coverage and lack of consistent use of DFS14,16.26. 

 

The offtake of DFS was low in large scale DFS programmes because there were no intensive awareness generation 

programmes, preceding and during the implementation of these large scale DFS supply programmes informing the 

population that: 

➢ sustained use of DFS leads to improvement in iron and Hb status especially in anaemic persons, and 

➢ DFS use does not have any adverse health consequences. 

 

The current scenario of low offtake of DFS results in a vicious cycle: low demand comes in the way of investment by salt 

industry for upscaling the production; low production results in poor supply and higher cost of DFS in the open market. 

Low availability and high cost come in the way of increase in use of DFS. Centralised production and pre-existing 

programme for fortification of salt with iodine offers a ready platform to rapidly scale up the production, distribution, 

marketing and improving availability of DFS. Intensive awareness programme for all stakeholders including policy 

makers, programme managers and families, emphasising that DFS use improves Hb and iron status without any dietary 

modifications and reassuring them that DFS use does not have any adverse effect on the nutritional and health status is 

needed. In the current era with high literacy and high media penetration, it might be possible to mount such an effective 

sustained awareness programme on the benefits and safety of DFS use, improve the offtake of DFS through open market 

and PDS and wider sustained use of DFS not only in ICDS, and MDM programmes but also by the general population. 

 

Concerns about iron overload 

In the last few years, there has been concerns about the potential adverse consequences of iron overload due to the use 

of multiple iron fortified food stuffs and iron supplements especially in segments of population who were not iron 

deficient20. The gap between requirement and tolerable upper limit for iron is narrow. Both iron deficiency and iron 

excess are associated with adverse health consequences. Physiologically, the mechanisms for absorption of iron are tightly 
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regulated because iron does not have a clear excretory path. Increasing iron intake by concurrently providing iron from 

multiple sources can lead to higher than required iron absorption and result in adverse health consequences. Available 

data indicate that though children receive iron from multiple programmes, currently, they are not at risk of iron overload 

because the coverage under each of these programmes is low. The optimal response to poor coverage is to improve 

coverage and consumption rates and not providing multiple sources of the same nutrient. As and when the country moves 

towards providing universal access to DFS, concurrent steps will have to be taken to ensure that no other foodstuff fortified 

with iron is available, and to reassess a need for IFA supplementation in children and WRA. 

 

Policy implications of the present study 

Anaemia continues to be a major public health problem in India and globally. Food fortification offers an inexpensive 

and sustainable approach to improving iron intake and reducing anaemia at the population level. However, concerns 

regarding safety and potential adverse effects have contributed to low acceptance and limited uptake of DFS in several 

large-scale programmes. 

 

The present study provides reassuring evidence that six months of DFS use does not adversely affect nutritional status or 

biochemical indicators of health in apparently healthy women. Dissemination of such evidence may improve confidence 

among policy makers, programme managers and consumers and facilitate wider acceptance and sustained use of DFS. 

 

Strengths and limitations of the study 

The strengths of the study include its community-based randomized design, relatively large sample size and 

comprehensive assessment of nutritional and biochemical markers at enrolment and after six months of use of allocated 

salt. The study envisages follow up of the cohort for three years to assess long term impact. 

 

Limitation of the study are that paired data on nutrition and health status prior to and after six months of use of the 

allocated salt was available only in a subset of women because many were unwilling to provide repeat blood sample 

at six months. 

 

Conclusion 

Globally nearly 2 billion persons of all age, sex, and physiological groups have anaemia. Research studies have shown 

that use of DFS results in improvement in Hb without any dietary modification or supplementation. As fortified foods are 

used by the general population for long periods, without any prior screening, supervision or monitoring during use it is 

essential to document safety of use of DFS. Data from the open randomized study on impact of DFS in South West Delhi, 

India, showed that at enrollment: 

➢ over 2/3rd of these women were over-nourished and nearly 3/4th had abdominal adiposity; 7.8% of women 

had hypertension, 

➢ over 80% of women had vitamin D deficiency; nearly half of these women were iron deficient; one fourth had 

vitamin B12 deficiency and one tenth had folate deficiency 

➢ prevalence of elevated total cholesterol and LDL cholesterol was relatively low, but a substantial proportion of 

women had low HDL cholesterol and elevated triglyceride and VLDL concentrations, and 

➢ over 95% of these apparently healthy women had normal liver, kidney, and thyroid function. 
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Analysis of paired data at 0 and 6 months in women who had used DFS or IS for 6 months showed that there were: 

➢ no changes in the body weight, BMI, nutritional status, blood pressure or prevalence of hypertension; 

➢ small changes in micronutrient levels and prevalence of micronutrient deficiencies; these changes were unlikely 

to have any nutritional implications; 

➢ small changes in some of the lipid parameters; the magnitude of the changes was small and is unlikely to have 

any health implications 

➢ there were no changes in the liver, kidney, and thyroid function tests. 

 

The general population in India have already been using IS for over a decade. The data from the present study indicate 

that the changes in parameters used for assessment of nutrition and health status in women using DFS were similar to the 

changes seen in women using IS. The reported changes in biochemical markers after 6 months of use of either DFS or IS 

were small and are unlikely to have any nutrition or health implications. These data indicate that DFS can be safely used 

by general population and DFS programme aimed at improving Hb of the Indians can be universalized. 
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