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Background: Micronutrients (iron, iodine, vitamin B12 and folate) deficiency is prevalent globally affecting more than two billion 
people majority being from low- and middle-income countries. Women of reproductive age are in an increased risk of iron deficiency. 
About 29.4% of women aged 15–49 years worldwide are estimated to be affected by iron deficiency. Food fortification with 
micronutrients is important in addressing micronutrients deficiency.
Aim: To evaluate if the quadruple fortified with iodine, iron, vitamin B12, and folic acid (QFS), will be more effective in improving 
the hemoglobin level of women aged 18 to 49 years compared to the double fortified with iodine and iron (DFS) and iodized salt in 
rural Tanzania.
Methods: A double-blinded three-arm randomized controlled trial was conducted between July 2020 and December 2021 at the 
Haydom Lutheran Hospital catchment area. We randomized women aged 18–49 years with haemoglobin between 8 and 12 g/dl who 
were neither pregnant nor lactating into three groups 55 Iodized salts (IS), 57 Double fortified salt (DFS), and 57 quadruple fortified 
salt (QFS). The participants used study salt for 10 months.
Results: Over the ten months of use of study salts, the overall mean haemoglobin level of women was significantly higher in QFS by 
0.43g/dl compared to IS. The ferritin levels were significantly higher in QFS and DFS by 9.60ng/mL and 9.09ng/mL, respectively, 
compared to IS. Vitamin B12 was insignificantly higher in QFS by 52.19pg/mL compared to DFS, and folate concentration were 
insignificantly higher in QFS by 7.57nmoL/L and 4.51nmoL/L compared to DFS and IS groups, respectively.
Conclusion: Salt fortification with iron, iodine, folate, and Vitamin B12 is feasible and has the potential to increase the serum ferritin, 
Vitamin B12 and folate levels with subsequent improvement of haemoglobin levels of individuals with relatively low haemoglobin.
ClinicalTrial.org Number: NCT04404751.
Keywords: iron-deficiency anemia, iodine, iron, vitamin B12, folate

Introduction
The global prevalence of anemia is estimated to be about 25% between 1993 and 20051,2 of which in low-income 
countries is 46.5%.3 The risk of anemia differs by age where women aged 15–49 years are at increased risk, the biggest 
problem seen among pregnant women by 42%.4 The highest prevalence of anemia was reported in Mozambique at 
53.9%, whereas in Tanzania was around 45%.5

There are several causes of anemia, namely, micronutrients deficiency (inadequate diet or inadequate absorption of 
nutrients), infections (e.g., malaria, parasitic infestations, tuberculosis, HIV), inflammations, chronic diseases, inherited 
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red blood disorders, and obstetrics and gynecological conditions. Micronutrient deficiency is the commonest cause of 
anemia globally accounting for more than 115,000 maternal and 591,000 perinatal global deaths annually, most of them 
being from Africa and Asia.6–8 Iron, folic acid, and Vitamin B12 deficiencies have been recorded as the most important 
causes of anemia globally.9 Between 1995 and 2011 the global mean haemoglobin level shows slight improvement, from 
43% to 38% among pregnant women.10 Iron, folic acid, and Vitamin B12 deficiencies are estimated to affect more than 
two billion people worldwide mainly pregnant women, lactating women, and young children due to increased metabolic 
demand for growth.11–13 There are reports of suboptimal levels of folate and vitamin B12 in many low- and middle- 
income countries which are associated with increased morbidity and mortality among pregnant women.14,15 Furthermore, 
low intake of iron, iodine, folic acid, and Vitamin B12, affects a woman’s health, and pregnancy outcomes.16 It is, 
therefore, imperative that action is taken to reduce the rates of anemia in the population through community-level 
measures. This could be achieved by routine supplementation or fortification strategies.

Nutritional education, dietary modifications, and food fortification are among the documented ways which have been 
used to improve micronutrient levels among women and children globally.15 Large-scale food fortification has been 
shown to increase blood serum micronutrient concentrations in several populations. The adequate serum level of these 
micronutrients has reduced the incidences of anemia, goiter, and neural tube defect.17,18

Salt, which is universally consumed, has been used for the fortification of iodine and more recently in India as double- 
fortified salt (DFS) with iodine and iron.19 However, in Tanzania iron, folic acid, and vitamin B12-fortified salts have not been 
attempted. We conducted a randomized controlled clinical trial to evaluate the effectiveness of salt quadruple fortified with 
iodine, iron, vitamin B12, and folic acid (QFS) and compared it to the effect of salt double fortified with iodine and iron (DFS) 
and iodized salt on improving the haemoglobin level of women aged 18 to 49 years in rural Tanzania.

Methodology
Study Setting
This study was conducted at the community level at Haydom which is situated in the north-central part of Tanzania, 
approximately 300km from Arusha, the nearest urban center. Haydom is a rural area characterized by poor road 
infrastructure in a high-altitude setting. The population is approximately 20,000 inhabitants who are primarily dependent 
on subsistence agriculture, with some market sales of food products among inhabitants.20,21

Haydom Lutheran Hospital (HLH) is the central medical services hub for Haydom. The HLH catchment area consists 
of four administrative divisions in three districts and two regions. These are the Dongobesh and Haydom divisions in 
Mbulu District, the Basotu division in Hanang district and the Nduguti division in Mkalama (Singida region).

Geographically, Haydom is diverse; villages are distributed between two branches of the Great Rift Valley and are 
located at various elevations on the highland plateau where the hospital is located. The Tanzania demographic and health 
survey of 2010 showed that iron deficiency anemia was 35% among women of reproductive age (15–49 years), 
respectively.22

Study Design
A double-blinded randomized controlled trial with three arms was conducted to compare the effectiveness of quadruple- 
fortified salt versus double-fortified salt versus iodized salt (control) in improving haemoglobin concentrations of women 
aged 18 to 49 years at Haydom Lutheran hospital catchment area. The double blinded RCT was selected due to its novel 
capacity of assessing the causal effect.23

Inclusion Criteria
(1) moderately low Hb (Hb 8 to 12g/dl) (2) residence at the respective study site for 12 months and no plans of moving 
away during the study period; (3) Women aged 18–49 years at the time of enrolment; (4) general good health, no known 
history of major medical illnesses, thyroid dysfunction gastrointestinal or metabolic disorders and not on any long-term 
medication.
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Exclusion Criteria
(1) Severe anemia (Hb <8 g/dl) (2) refusal to consent to participate, (3) sickle cell disease, (4) planning to become 
pregnant or to relocate out of the study area within the study period, (5) pregnant and lactating women (6) participating in 
another clinical trial with a nutritional supplement.

Recruitment, Study Population, and Randomization
We conducted a census of all the households in the HLH catchment area to identify those with potential women to join 
the study. Potential women were screened and those found eligible in their households were recruited and randomized to 
one of the study arms. Households with recruited study participants (whose households consented) in the catchment were 
supplied with fortified salt (study salt) for their normal daily use (cooking common dishes). A total of 174 women aged 
18 to 49 years in their households were randomly allocated into either of the 3 arms. From each household, one woman 
aged 18 to 49 years who had relatively low haemoglobin (Hb >8 and ≤12g/dl) at the beginning of the study, who had no 
chronic illness, was not pregnant and who voluntarily agreed to participate was recruited into the study through 
randomization. Households with participants were randomly assigned to either Iodised salt (control) or double fortified 
salt or quadruple fortified salt group with a 1:1:1 allocation as per a computer-generated random sequence. Each 
household was supplied with salt based on their assigned study arm.

Study Procedure
For a family size of <5 household members 0.5 kg of salt was distributed weekly for the first month thereafter up to 5kg 
of salt was distributed every two months depending on the household usage. For household sizes above this 0.5 kg of salt 
was added for each extra household member. Compliance with the usage of study salt provided was monitored rigorously 
once every week with research staff visiting the houses and checking on the usage by weighing the salt container 
provided to them and completing a compliance questionnaire monthly. The questionnaire was used to collect compre-
hensive information related to illness, use of medication, use of supplements, use of study salts, and use of other salts. 
This enables the research assistants to adjust the amount of salt provided to the household periodically. Stool samples 
were collected from each participant and tested for intestinal worms, and those found with worms were treated 
accordingly. Additionally, all participants were dewormed (given a single dose of Mebendazole which treats a wide 
spectrum of worms) at the beginning of the study irrespective of their infestation status. Capillary blood was tested in the 
field using HemoCue Hb 201 and hemoglobin (Hb) recorded for screening purposes and study testing. Those found with 
Hb >8 and <12g/dl, and met other eligibility were enrolled. After enrolment 8 mL of venous blood was collected (by 
research staff who are well-trained in phlebotomy) at the beginning (0 month) of the study, at 3, 8 months, and during 
study exit at month 10. Blood was tested for: hemoglobin, iron status (Serum Ferritin), soluble transferrin receptor and 
zinc protoporphyrin, red cell folate and vitamin B12 status, and C-reactive protein. Urine was collected for iodine testing. 
The urine samples were analysed using the improved protocol of ammonium persulfate digestion method based on 
Sandell-Kolthoff reaction.24 The aliquoted serum blood was thawed and prepared to be tested for Vitamin B12 and 
Ferritin. These blood biomarkers are quantitatively measured by using Immuno Enzymometric Assay from TOSOH AIA 
System Analyzer. Commercially available controls were used for quality control procedure which are standardize on 
WHO 1 st IS 80/602 (1983) Vitamin B12. The highest measurable concentration of ferritin in undiluted serum is 1000ng/ 
mL, while the lowest measurable concentration is 3.0ng/mL. The highest measurable concentration of Vitamin B12 in 
undiluted serum is 2000pg/mL, while the lowest measurable concentration is 50pg/mL.

All laboratory tests were done within Tanzania using international standards.25

Procedures for Salt Fortification, Technology Breakthrough
The process of multiple salt fortification consists of producing an extruded premix containing ferrous fumarate, folic 
acid, and vitamin B12, which, when added to iodized salt, produces a stable, white QFS. The retained levels will be 30– 
35% of Recommended Dietary Intake (RDI) for iron and folic acid and 100% RDI for iodine and vitamin B12. QFS is 
indistinguishable in taste, colour, and smell from regular salt.
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Power Calculation and Sample Size Estimation
Considering the study done by Andersson et al 200818 and the findings of a systematic review and Meta-analysis report 
by Ramirez-Luzuriaga et al 2018,26 the sample size was calculated by using G*power to provide sufficient power for 
testing the effective difference between the groups, to achieve the power of 80%, precision of 5%, and medium effect 
size of 0.25 to a minimum of 53 women aged 18 to 49 years with moderately low haemoglobin was needed in each arm. 
Therefore, accounting for dropout, loss to follow-up, and missing samples, we added 10% to the total sample size, and 
assigned 58 each to three arms, resulting in a total of 174 participants.

Data Collection
Structured interviews were conducted during the baseline visit to collect information on socio-demographic character-
istics including age, education level, marital status, literacy, income, number of children and adults living in the 
household and medical history. At baseline dietary intake was assessed with a food type and intake frequency 
questionnaire and a 24-hour dietary recall. A research assistant (RA) visited each household monthly to assess and 
record the salt usage. Furthermore, the RA measured the weight (at 100g precision by using SECA Digital Scale for 
adults) and height (at a precision of 0.1 cm by using SHORR three pieces height boards) of the participants. Venous 
blood samples for estimation of haemoglobin and ferritin levels were collected (by a nurse trained in phlebotomy) at 
recruitment, and after 3, 6, 8, and 10 months of intervention. The Hb was tested at the field and another blood sample was 
immediately placed in a controlled temperature cool box with ice and sent to the research laboratory for further analysis. 
Serum samples were aliquoted and stored at minus 80 C until analysis. The stool was collected from each participant at 
recruitment to assess for helminth infestation.

To monitor the smooth implementation of the study, the RA visited every household weekly the first month of the 
study to monitor the salt consumption and supply of salt. Thereafter, they visited households at monthly intervals. They 
collected information on any adverse effects that may be associated with salt consumption, eg, vomiting, diarrhea, 
allergic reaction, etc., as reported by consumers. The available local healthcare logistics and systems were used to refer 
the study participant who needed medical attention to the hospital.

Data Management
Quality control of the data was performed by two data editors before data entry. The data entry was done by two 
independent data clerks to capture entry inconsistencies and correct them, and final quality assurance was done by the 
data manager. Data were served into data servers at two different sites in a secure server. Data were analyzed using 
R version 4.1.0 (Foundation for Statistical Computing), the descriptive analysis was used to describe the data where 
mean, standard deviation, median, and quartiles were used to present data. We used line charts with 95% confidence 
interval error bars to assess the outcome variables (haemoglobin, ferritin, folic, and Vitamin B12) over time during the 
intervention by the salt group. Since we have two independent factors (within-subject factors), that is intervention groups 
(salt group) and we measure each subject repeated at a different time point, and the outcome variables were measured at 
a continuous level. We used the Analysis of variance two-way repeated measures to assess if the salt groups (interven-
tions) and time points (target months) have effects on the outcomes (haemoglobin, ferritin, folic, and Vitamin B12 levels) 
at 0.05 level of significance. The post hoc test Turkey multiple comparisons of means with 95% family-wise confidence 
level was used for pairwise comparisons to check for main and interaction effects at different levels.

Results
A total of 689 households were visited between August 2019 and February 2020. Out of these 362 women of 
reproductive age were assessed for eligibility. Out of 362 assessed, 178 (49.2%) were eligible. Out of 178 eligible, 4 
(2.2%) refused to participate, 174 were randomized into three arms 59 received Iodized Salt (IS), 58 received double 
fortified salt (DFS), and 57 received Quadruple Fortified Salt (QFS). Of the randomized participants, 55 (93.2%), 57 
(98.3%), and 56 (98.2%) completed follow-up in the IS, DFS, and QFS arms, respectively, as set out in Figure 1.
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All participants were women with a median age of 38.5 years and an average of 4 children. Each household had an 
average of 3 adult people living together. Almost three-quarters of the participants in each arm were married, and more 
than two-thirds had spent at least 7 years in school (primary education). Two-thirds of the participants were farmers, and 
more than half had normal body mass index (BMI) (Table 1).

The haemoglobin level of women of reproductive age increased in all study groups over the duration of the study. 
However, QFS and DFS groups had higher levels of haemoglobin levels at all time points from 3 months onwards as 

Figure 1 Consortium flow chart.

Table 1 Demographic Characteristics of the Randomized Participants

DFS (N=58) IS (N=59) QFS (N=57) Total (N=174)

Woman’s age (Years)
Median (Q1, Q3) 38.5 (29, 45) 37 (26, 43) 40 (31, 44) 38.5 (29, 44)

Children borne by woman (number)
Mean (SD) 4.3 (2.7) 3.9 (2.9) 4.4 (2.713) 4.2 (2.8)

Household size (number of people)
Mean (SD) 6.6 (2.9) 6.5 (2.9) 6.9 (2.8) 6.7 (2.8)

Marital status
Married 41 (70.7%) 45 (76.3%) 49 (86.0%) 135 (77.6%)
Divorced 5 (8.6%) 3 (5.1%) 1 (1.8%) 9 (5.2%)

Single 10 (17.2%) 10 (16.9%) 7 (12.3%) 27 (15.5%)

Widowed 2 (3.4%) 1 (1.7%) 0 (0.0%) 3 (1.7%)
Woman’s education

No schooling complete 6 (10.3%) 5 (8.5%) 5 (8.8%) 16 (9.2%)

Primary school (7years) 42 (72.4%) 40 (67.8%) 43 (75.4%) 125 (71.8%)
Secondary school (8–14years) 7 (12.1%) 13 (22.0%) 8 (14.0%) 28 (16.1%)

College/university degree 3 (5.2%) 1 (1.7%) 1 (1.8%) 5 (2.9%)

(Continued)
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compared to IS groups (Figure 2). Overall mean haemoglobin levels in months 3, 8, and 10 were significantly higher 
than the baseline by 1.23g/dl, 1.66g/dl and 1.74g/dl, respectively. The QFS group had a significantly higher 
haemoglobin level by 0.43g/dl as compared to IS group. At month 10, the haemoglobin level on DFS, QFS and IS 
were significantly higher than the baseline by 2.07g/dl, 1.87g/dl, and 1.28g/dl, respectively. At month 10, the level of 
haemoglobin on DFS and QFS was higher compared to IS by 0.58g/dl and 0.54g/dl, respectively, however, their 
differences were not significant.

Table 1 (Continued). 

DFS (N=58) IS (N=59) QFS (N=57) Total (N=174)

Woman’s occupation
Employed 3 (5.2%) 1 (1.7%) 3 (5.3%) 7 (4.0%)
Self-employed 4 (6.9%) 9 (15.3%) 8 (14.0%) 21 (12.1%)

Business 1 (1.7%) 2 (3.4%) 0 (0.0%) 3 (1.7%)

Housewife 11 (19.0%) 10 (16.9%) 6 (10.5%) 27 (15.5%)
Farmer 39 (67.2%) 36 (61.0%) 40 (70.2%) 115 (66.1%)

Others 0 (0.0%) 1 (1.7%) 0 (0.0%) 1 (0.6%)

Body Mass Index (BMI)
Underweight (<18.5) 13 (22.8%) 7 (12.5%) 9 (16.4%) 29 (17.3%)

Normal weight (18.5–24.9) 33 (57.9%) 30 (53.6%) 31 (56.4%) 94 (56.0%)

Overweight (25–29.9) 9 (15.8%) 15 (26.8%) 11 (20.0%) 35 (20.8%)
Obesity (≥30) 2 (3.5%) 4 (7.1%) 4 (7.3%) 10 (6.0%)

Baseline Haemoglobin status (g/dl)
Mean (SD) 10.96 (1.2) 11.16 (1.2) 11.12 (1.4) 11.08 (1.3)

Note: Q1, first quarterly; Q3, third quarterly. 
Abbreviations: DFS, double fortified salt; IS, iodized salt; QFS, quadruple fortified salt; SD, standard deviation.

Figure 2 The graph showing the trends of haemoglobin level over period during study by salt groups (quadruple fortified salt (QFS), double fortified salt (DFS) and iodised 
salt (IS)).
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The ferritin level increased over time within 8 months for the DFS and QFS, while in the IS the ferritin level 
decreased over time. The QFS and DFS groups had a significantly higher mean ferritin level (9.09ng/mL and 9.60ng/mL, 
respectively) compared to IS group. For the pairwise comparison of interaction effects, at month 8, the ferritin levels 
were higher on QFS and DFS compared to IS by 14.61ng/mL and 16.40ng/mL, respectively, however, their differences 
were not significant (Figure 3).

The Vitamin B12 levels decrease over time for all salt groups, however a steep decline was observed in DFS and IS, 
while the QFS had a gentle slope in decline. The QFS group had significantly higher levels of Vitamin B12 by 52.19pg/ 
mL compared to DFS. At month 8, the levels of vitamin B12 were higher on QFS compared to DFS and IS by 87.58pg/ 
mL and 28.10pg/mL respectively, however, their differences were not significant (Figure 4).

The folic levels increase over time for all salt groups within the first three months however folic level in QFS group 
was above other groups. At 8th month, the QFS group had a significantly higher level of folic concentration by 
7.57nmoL/L and 4.51nmoL/L compared to DFS and IS, respectively (Figure 5).

The two-way RM-ANOVA outputs showed that both time and salt groups had significant impact on the levels of 
haemoglobin, vitamin B12 and Folic acid. The ferritin levels seem to be significantly affected by salt groups. The salt 
groups and time have not shown any interaction effect on the outcome levels (Table 2).

Discussion
Deficiencies of iron, iodine, Vitamin B12, and folic acid) are widespread in low- and middle-income countries. The 
deficiencies compromise not only the physical and cognitive capacity of millions of people, but also significantly 
contribute to the anaemia related morbidity and mortalities. Food fortification is a cost-effective strategy for combating 
these deficiency diseases with demonstrated health, economic, and social benefits. We report on a clinical trial done in the 
Haydom Lutheran Hospital catchment area involving salt fortification with iodine, iron, vitamin B12, and folate. In this 
trial, the amount of salt supplied in the households (0.1–2.5 Kg/person/week) was almost six times the amount 
recommended by WHO (<0.035Kg/person/week).27 The reason for oversupply was to ensure that the trial participant 

Figure 3 The trends of serum ferritin levels (ng/mL) of the women over the 8 months by salt groups (quadruple fortified salt (QFS), double fortified salt (DFS) and iodised 
salt (IS)) with error bars.
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Figure 4 The trends of Vitamin B12 levels (pg/mL) of the women over the 8 months by salt group (quadruple fortified salt (QFS), double fortified salt (DFS) and iodised salt 
(IS)) with error bars.

Figure 5 The trends of folic levels (nmoL/L) of the women over the 8 months by salt groups (quadruple fortified Salt (QFS), double fortified salt (DFS) and iodised salt (IS)) 
with error bars.
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consumes what she usually consumes even if the salt was to be shared with others in this community with low-social 
economic status, though sharing study salt was discouraged. Moreover, this study did not consider the absorption 
capacity and hence was not set precisely on the amount of micronutrients supplementation.

This clinical trial found that both quadruple fortified salt (QFS) and double fortified salt (DFS) use, significantly 
increased both haemoglobin and ferritin levels for women of reproductive age with relatively low initial haemoglobin 
levels over ten months of use as compared to iodized salt (IS) use. Vitamin B12 levels were higher in QFS at 8 months of 
use as compared to DFS and IS groups, indicating that the Vitamin B12 added to salt was absorbed.

Our study showed a significant rise in haemoglobin levels of women with relatively low haemoglobin after ten 
months of QFS or DFS use as compared to the control group (IS) use. The rise of haemoglobin was sharp at three and 
eight months, thereafter the rise was more moderate. Other studies have previously shown a similar increase in 
haemoglobin over time of the use of iron-fortified salt and other iron-fortified foods.16 The impact of iron fortification 
on haemoglobin level has been found in both healthy and iron-deficient populations.16 In our study, we recruited women 
with relatively low haemoglobin levels, however, we did not explore the cause of their low haemoglobin levels. 
Participants in our study had relatively low ferritin levels at recruitment which was likely related to their low 
haemoglobin. Furthermore, all participants were blindly dewormed irrespective of their infestation status. This might 
have contributed to the improved haemoglobin levels of participants in both groups, however, only 2 participants tested 

Table 2 Analysis of Variance (Two-Way) Repeated Measures Outputs for Haemoglobin, Ferritin 
Vitamin B12 and Folic Acid Levels by Salt Group and Target Months

Source df Sum Sq. Mean Sq F-value P-value

Haemoglobin

Target month 3 323.6 107.86 39.647 <0.01

Salt group 2 22.9 11.45 4.211 0.02

Target month: Salt group 6 22.9 2.37 0.871 0.52

Residuals 628 1708.5 2.72

Ferritin

Target month 2 3662 1831 2.758 0.07

Salt group 2 6861 3431 5.166 0.01

Target month: Salt group 4 2727 682 1.027 0.39

Residuals 345 229,086 664

Vitamin B12

Target month 2 259,558 129,779 4.424 0.01

Salt group 2 181,750 90,875 3.098 0.05

Target month: Salt group 4 124,741 31,185 1.063 0.37

Residuals 394 11,559,072 29,338

Folic Acid levels

Target month 2 21,493 10,747 36.645 <0.0001

Salt group 2 4933 2467 8.411 0.0003

Target month: Salt group 4 2215 554 1.888 0.1112

Residuals 507 148,684 293
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positive for microscopic worm tests, and this reduces the likeliness that deworming contributed to the observed 
haemoglobin increase. Importantly, the observed low haemoglobin in the IS group, compared to the significantly higher 
haemoglobin levels in the QFS and DFS groups from three months onwards clearly indicates that the added micro-
nutrients in the DFS and QFS groups were responsible for the observed increases in haemoglobin.

Serum ferritin level is an important marker for the body’s iron store levels.28 An average adult person loses 
about 1 mg of iron daily through sloughing cells from the skin and mucosal lining.29 Additionally, premenopausal 
women lose about 2 mg of iron daily during menstruation.30 The iron requirement is maximized in growing 
individuals namely neonates and children.31 Lack of iron supplementation through iron-rich food or fortified food 
leads to iron deficiency which is the commonest cause of low haemoglobin and subsequently anemia32–35 In our 
study, we found an exponential increase in haemoglobin levels following the use of QFS and DFS over ten months 
of use. Compared to iodized salt use which showed stable serum ferritin levels over the study period, both QFS and 
DFS had significantly higher levels of serum ferritin levels at 3 and 8 of use. Similarly, Gondolf et al found that 
serum ferritin levels of infants were significantly increased following the use of iron supplementation.36 

A systematic review and a meta-analysis of the effect of iron-fortified flour on the iron status of populations 
worldwide showed that iron-fortified flour significantly increased the mean haemoglobin and serum ferritin levels.37 

The findings from this study confirm that iron fortification using salt potentially increases the serum ferritin level of 
individuals.

In our study, Vitamin B12 showed decreasing trends in DFS and IS study groups, but in QFS the B12 levels were 
almost similar at zero and at eight months period. The vitamin B12 in the QFS seems to have been absorbed into the 
serum thus maintaining the level of serum Vitamin B12, despite increased demand for Vitamin B12 is proportional to 
increase haemoglobin production. Folate, Vitamin B12, and iron are crucial elements in erythropoiesis. The production of 
erythrocytes requires Folic acid and vitamin B12 which are key during DNA synthesis. The deficiency of these 
micronutrients affects erythropoiesis.38 Koury et al 2004, reported that the combination of vitamin B12, folate, 
erythropoietin, and iron was more effective in stimulating erythropoiesis among premature infants.39 The findings concur 
with our findings as QFS had a slightly higher mean haemoglobin level at eight months compared to DFS, however, the 
difference was not significant. These findings (our study and Haiden et al 2006) imply the importance of the combined 
effect of iron, Vitamin B12, and folate in raising haemoglobin levels. Furthermore, folate has other health benefits 
including prevention of birth anomalies (neural tube defect), improved cognitive functions, healthy embryo development, 
and reduction of risk of cancer.40,41

The finding from this study clearly shows the impact of QFS and DFS on raising the serum ferritin levels with 
subsequent increase in haemoglobin levels. Furthermore, the QFS may have additional health benefits derived from the 
combination of Vitamin B12 and folate.

Strength and Limitation
This clinical trial was conducted in a rural community among relatively healthy women with moderately low haemoglo-
bin levels over a period of ten months. Being used in routine food preparation on daily household uses ensured the intake 
of daily required salt with less chance of unhealthy salt use. Furthermore, the study design and random assignment of 
study arms increased the credibility of the findings.

The study limitations include the inability to ascertain the effect of infection (eg, subclinical urinary tract infection) 
on ferritin levels, and not considering initial ferritin levels at recruitment. The collection of subjective information on 
daily eating practice, salt use (study salt or other salts), illness, and medication lacks precision and can mislead the 
assessment of the association between exposure and the outcome measures, measured objectively. We did not have 
a formal system to collect potential side effects in the HH as it was possible for another member of the HH to consume 
the salt, but we presumed that in normal domestic consumption, it was unlikely. The number of participants and the study 
being in one setting, compromise the generalization of the findings.
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Conclusion
This study present that is feasible for the population in LMIC with moderate anaemia to consume salt fortified with 
multiple micronutrients. The consumption of salt fortified with iron, iodine, folate, and Vitamin B12 (QFS) was 
associated with a significant increase in hemoglobin compared to the use of double fortified salt (DFS) and Iodized 
salt (IS) in non-pregnant, non-lactating women aged between 18 and 49 years with moderate anaemia. The study also 
found the potential increase of serum ferritin, Vitamin B12, and folate levels micronutrients in the QFS group compared 
to the other two groups, ie, DFS and IS.
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