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Abstract 

Iron deficiency is the world’s most common nutrient deficiency according to the World Health 

Organization. Iron deficiency is especially prevalent in undeveloped countries and rural areas. A 

double-blind, cluster-randomized design was used among 359 10-17 year old Bangladeshi girls 

in a three arm trial. Iron-fortified lentils, non-fortified lentils, and no lentil (usual intake) were 

served to the girls over 4 months with a 100% compliance rate. Blood biomarkers and cognition 

were assessed using ANCOVAs with group as a factor and age as a covariate. Participants in the 

fortified lentil condition showed better blood iron status at endline (Hb, sFt, sFtR, TBI) than the 

other groups. The fortified lentil group also performed better on cognitive measures. 

Implementing iron-fortified lentils into rural areas may be an effective way to protect against 

cognitive deficits associated with iron deficiency. 

Keywords: iron deficiency, anemia, cognition, biomarkers, Bangladesh, adolescent 
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Introduction 

Approximately 22.8% of adults worldwide are iron deficient making it the most common 

nutrient deficiency in the world (Gardner & Kassebaum, 2020). Iron deficiency (ID) is the 

leading cause of anemia, contributing about 50% of all anemia cases (World Health 

Organization; WHO, 2001). According to the World Health Organization, the global prevalence 

of anemia is even higher in women of reproductive age with rates of 29.9% (WHO, 2019). 

Children aged 5 to 59 months have a prevalence of anemia at 39.8% (WHO, 2019). ID and iron 

deficiency anemia (IDA) in south Asia affects 600 million people (WHO, 2000). In southeast 

Asia, including Bangladesh, Bhutan, India, and others, 60% of women, 36% of men, and 66% of 

children were iron deficient anemic resulting in 32,400 deaths in 2000 (Stoltzfus, 2003). 

 Iron is the component of hemoglobin (Hb) that binds oxygen and carries it to the tissues 

of the body (Pittman, 2011). Iron is present in every cell of the body, including the brain (Mills, 

Dong, Wang, & Xu, 2010). In addition to aiding in oxygen transport, iron affects the brain in 

other ways (Ward et al., 2014). Iron is a cofactor for the production of myelin, which is the 

insulation of the axon of a neuron that allows neurons to communicate quickly and efficiently. 

Iron is important in the process of neurogenesis and synaptogenesis, and iron is also required for 

neurotransmitter synthesis and reuptake (Beard, 2003). 

There are a variety of biomarkers for iron status. Serum ferritin (sFt) is a protein that 

binds stored iron. The amount of ferritin in the blood usually gives us an idea of how much iron 

the body has in storage overall, with higher amounts meaning better iron stores. The amount of 

ferritin in the blood can be inflated by factors such as inflammation or infection. Soluble 

transferrin receptor (sTfR) is a transporter protein for iron. Generally, the amount of sTfR in the 

blood increases with iron deficiency, so lower numbers indicate a more positive iron status. Total 
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iron binding capacity measures the blood's capacity to bind iron with transferrin, reflecting the 

total transferrin concentration. Total body iron (TBI) is calculated as: body iron (mg/kg) = -

[log(R/F ratio) – 2.8229] / 0.1207, where R/F is the ratio of sTfR to sFt (Cook et al., 2003). 

Other biomarkers include red blood cell distribution width, mean corpuscular hemoglobin, and 

mean corpuscular hemoglobin concentration. 

The various iron biomarkers change over time at different rates as iron stores change. For 

example, in the case of iron deficiency non-anemia (IDNA), stored iron and sFt both decline 

relatively rapidly, while Hb levels decline at a slower rate. Once Hb levels have declined to a 

predefined value (usually 12 g/dL), the diagnosis changes from IDNA to IDA. Meanwhile, sTfR 

levels increase as there is less iron to be transported (Guthrie & Picciano, 1995; Northrop-

Clewes & Thurnham, 2013). Over the course of development, there are periods during which the 

demand for iron is high. For example, children and adolescents who had chronic iron deficiency 

show poorer affect, motor, and cognitive skills when compared to peers who were not iron 

deficient early in life (Lukowski et al., 2010). Adolescence is another period during which the 

demand for iron is high, particularly for female adolescents, because iron needs double during 

this period due to the onset of menses and other factors (Beard, 2000). The present study is 

focused on female adolescents in Bangladesh. 

Iron status in Bangladesh and the rationale for fortification  

Bangladesh is a South Asian country consisting of eight divisions, 64 districts, and 495 

upazilas, or “sub-districts” (Upazila List, 2022). The Dhaka upazila within the Dhaka Division, 

containing the country’s capital, is the most populous upazila in Bangladesh (Upazila List, 

2022). Bangladesh has a population of over 167 million people, making it the 10th most densely 

populated country in the world (United Nations, 2019).  
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Rates of anemia in Bangladesh are high, especially when compared to other countries 

around the world. Specifically in Bangladesh, 36.7% of women of childbearing age (15-49 years) 

are anemic, and 43.1% of children aged 6-59 months are anemic (WHO, 2021). For comparison, 

the global prevalence of anemia for women of childbearing age is 29.9% (WHO, 2021). This is 

considered as a severe public health problem by the World Health Organization. Rural areas in 

Bangladesh have even higher rates of anemia. Among school aged children (SAC) 12-14 years 

old living in rural areas, 18.1% have anemia compared to 13.2% of SAC living in urban areas 

(Rahman et al., 2016). 

Lack of compliance with iron supplementation has been shown to be a crucial factor for 

the still existing high rates of iron deficiency in developing countries. Other causes of poor 

compliance include incorrect storage and imprecise methods of supplementation intake 

(Rabindrakumar et al., 2021). Additionally, contaminated water, poor hygiene, and lack of 

bioavailability may lead to poor compliance with iron supplementation (Northrop-Clewes & 

Thurnham, 2013). 

 An alternative to supplementation is iron fortification, and there are many benefits of 

fortifying staple foods such as lentils with iron. For example, fortification helps improve the 

availability of iron-rich food sources in locations which previously have had little access. It also 

increases the bioavailability of iron to be absorbed (DellaValle et al., 2013). Previous research 

has indicated that location may be important when choosing a correct method of growing iron 

fortified lentils, and DellaValle et al. found that an increase in bioavailability of iron is more 

important than the iron concentration when adding iron fortified lentils into a diet (2013).  Using 

crops that are regionally available to the target population is beneficial when implementing iron 

fortification. Many studies have used beans, pearl millets, and lentils depending on the location 
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of the study. By doing so, the residents of the area are more likely to effectively integrate the iron 

fortified crops into their diet. All of this suggests that provision of an iron fortified lentil in 

Bangladesh may be an effective way to address the iron needs of female adolescents  

Iron fortified lentils and a feasibility study 

Small red lentils grown in Saskatchewan were fortified with a solution of sodium ferric 

ethylenediaminetetraacetate (NaFeEDTA), resulting in approximately 13-14 mg of iron per 100 

kg of lentils (Yunus, 2018). A feasibility study was conducted to determine the correct amount 

and preparation of the lentils, regionally called daal, for the adolescent girls in Bangladesh. In 

this feasibility study, the researchers had 100 10–17-year-old adolescent females eat lentils for 

12 weeks in order to determine the best amount and way to prepare the lentils. The researchers 

provided both thick and thin lentils. One hundred grams of uncooked lentils were prepared for 

both the thick and thin conditions. The differences in the recipes for the lentils are that the thick 

lentils are prepared with 5 grams of turmeric compared to 3 grams, 700 mL of water compared to 

1.5L, and the cooking time was 18 minutes compared to 53 minutes (Yunus, 2018). Based on 

measures of palpability, hunger, satiety, etc., the researchers found that there was a higher 

palpability and preference for the thick lentils, meaning that the girls preferred the thick over thin 

lentils. Therefore, the thick lentils were chosen for the study.  

To determine the correct amount of lentils to prepare, the researchers analyzed how many 

lentils were not eaten during observational feeding for each of three test amounts, 25 grams, 37.5 

grams, and 50 grams. During this observational period, the researchers found the best amount of 

lentils to prepare is 37.5 grams, which provided 86% of the recommended dietary allowance 

(RDA) for the younger girls (9-13 years old) and 46% for the older girls (14-18 years old) 

(Yunus, 2018; Institute of Medicine, 2003). The 25-gram lentil preparation only provided only 
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32.6% of the RDA in the older girls, so this quantity was rejected. On the other hand, the 50-

gram lentil exceeded the RDA for the younger girls (Yunus, 2018; Institute of Medicine, 2003). 

In essence, the 37.5 gram serving of thick lentils was the most effective way to add the iron 

fortified lentils into the diet of Bangladesh adolescent girls with a 100% compliance rate. 

Therefore, the current study hypothesized that iron fortified lentils would improve their iron 

status as measured by iron biomarkers and that this improvement in iron status will be 

accompanied by improvements in cognitive performance. 

Methods 

Subjects 

 Participants included 359 adolescent girls aged 10-17 years from four upazilas in 

Bangladesh including Muktagacha, Mymensingh Sadar, Bhaluka, and Gaffargaon in the 

Mymensingh district. The study was conducted at Bangladesh Rural Advancement Committee 

(BRAC) clubs within the four upazilas. Adolescent girls in the BRAC adolescent development 

program were chosen for the study. This program provides scholarly education, health education, 

social education, poverty education, etc. among both young women and men regardless of 

socioeconomic status and education. Participants were generally healthy and were excluded if 

they were either pregnant or breastfeeding. 

Study design 

 A double-blind, cluster-randomized design was used from the community sample from 

the BRAC clubs. Forty-eight BRAC clubs (clusters) were randomly selected from the four sub-

regions. This was further randomly divided into 16 blocks with 3 clusters in each block for a 

total sample size of 1260 adolescent girls with 420 girls in each block. A total of 118 girls were 

included in the final analysis in the no lentil condition, 124 in the non-fortified lentil condition, 
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and 117 in the fortified lentil condition for a final sample size of 359 adolescent girls with both 

blood and cognitive data. (Fig. 1).  

 Three intervention groups were used in this study. In the first group the adolescent girls 

were served iron-fortified lentils, in the second group the girls were served non-iron-fortified 

lentils, and the third group was not served any lentils (control). The iron-fortified lentils were 

fortified with 1600 ppm of iron compared to approximately 75-90 ppm of iron in the non-

fortified lentils. In the iron-fortified and non-iron-fortified conditions, 37.5 grams of raw lentils 

(~200 grams cooked) were served 5 days a week for a total of 85 feeding days. All lentils were 

served with one cup of cooked rice. 

 At baseline and endline, self-reported demographic factors were measured, along with a 

Food Frequency Questionnaire (FFQ), anthropometrics, and 6mL sample of venous blood taken 

to assess the iron biomarkers. The intervention occurred during the 6th-23rd weeks of the total 28 

weeks. Blood measures included (a) complete blood count (CBC), which included the 

erythrocyte sedimentation rate (ESR); hemoglobin (Hb); hematocrit (HCT); packed cell volume 

(PCV); mean corpuscular hemoglobin (MCH); mean corpuscular volume (MCV); mean 

corpuscular hemoglobin concentration (MCHC); red blood cell (RBC) and white blood cell 

(WBC) total count; (b) serum ferritin (sFt); (c) soluble transferrin receptor (sTfR); (d) total body 

iron (TBI); and (e) C-reactive protein (CRP). 

Cognitive tasks 

A total of five tasks were used to measure cognition, including the Simple Reaction Time 

Task (SRT), Go/No-Go Task (GNG), Attentional Network Task (ANT), Cued Recognition Task 

(CRT), and the Sternberg Memory Search Task (SMS).  
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 The SRT is a simple measure of reaction time which requires no decision-making or 

discrimination (Wickens et al, 2004; Wenger et al., 2021). The participants were instructed to 

press a keyboard key as soon a visual stimulus was presented on the computer monitor. Five 

practice trials were completed where feedback was provided. After the practice trials, there were 

20 test trials and feedback was not provided. The interstimulus interval varied between 

presentations with a range of 750-1500 ms. Lower reaction times indicate better cognitive status 

on the SRT. 

 The GNG explores sustained attention and inhibitory control. Participants were presented 

two stimuli in random order: one that they were supposed to respond to (Go) and one to which 

they were supposed to inhibit their response (No-Go) (Wickens et al., 2004; Wenger et al., 

2021). In 20% of the trials, the stimuli required a ‘Go’ response and 80% required a ‘No-Go’ 

response. On trials where the Go stimulus was presented, participants were instructed to press the 

/ key with the index finger of their dominant hand. Participants were instructed to withhold their 

response on a no-go stimulus. Ten practice trials were completed prior to testing and participants 

were provided feedback on the accuracy of their responses. A total of 30 go trials and 120 no-go 

trials were completed without feedback after practicing. A centrally fixated cross was presented 

on the screen for 400-700 ms and the stimulus was presented for 300 ms. The participants had up 

to 1700 ms to respond, otherwise the trials continued, and the next fixation cross was presented. 

Improvement on the GNG is indicated by a decrease in reaction time from baseline to endline. 

 The ANT examines three levels of attention: low level attentional capture, mid-level 

spatial selective attention, and high-level control (Fan et al., 2002; Wenger et al., 2021). The 

participants were presented with a fixation cross on the center of the screen for 300-600 ms. A 

cue (asterisk) then appeared on the screen in the one of five locations (absent, center, above 
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fixation, below fixation, above and below fixation) for 200 ms. A second fixation cross was then 

presented for 200 ms followed by the test stimulus for 1500 ms, a central arrow pointing left or 

right along with a set of flanker stimuli---a pair of arrows on either side of the central arrow 

pointing either the same way or opposite way relative to the central arrow. The arrows could be 

displayed either above or below the fixation point. Participants were instructed to determine the 

direction of the central arrow (ignoring the flanker arrows) using the z or / keys. An alerting 

score was calculated by subtracting the median reaction time of correct responses on the trials 

with 2 cues from the trials with 0 cues. An orienting score was calculated by subtracting the 

median reaction time of correct responses on the trials with spatial cues from the trials with 

center cues. Finally, a conflict score was calculated by subtracting the median reaction time of 

correct responses on the trials with consistent flankers from the trials with inconsistent flankers. 

Improvement on the ANT is indicated by a decrease in reaction time from baseline to endline on 

the items that varied in cue and flanker type. Higher reaction times on the alerting, orienting, and 

conflict scores indicate improvement on the ANT. 

 The CRT is a recognition memory paradigm where the participant is presented with 

pictures of common, nameable objects and then is later tested on how well they remember those 

items when later presented along with an equal number of “new” items (Wenger et al., 2010; 

Wenger et al., 2021). The participant judged whether the presented item at the time of testing is 

“old” or “new.” In the testing phase, each test image (old or new) was presented with two, three, 

or four quadrants (two, three, or four cues) of the image visible for 3 seconds and the participants 

were instructed to judge each image by pressing the z key for a “new” stimulus and the / key for 

an “old” stimulus. No feedback was provided. Improvement on the CRT is indicated by a 
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decrease in reaction time from baseline to endline. Higher reaction times on the percent change 

in capacity reflect improvement on the CRT. 

The SMS tests the participant's ability to search memory (Sternberg, 1966; Wenger et al., 

2021). On each trial, participants were presented with either 1, 3, or 6 items to be remembered. 

The participants are presented both old and new items at the time of testing. Participants are 

shown a fixation cross for a random duration from 400-1000 ms. This was followed by the 

sequential presentation of 1, 3, or 6 graphical symbols. There was then a 2 sec blank interval 

followed by the test item. The test item could be either one of the symbols presented on that trial 

(old) or a novel symbol (new). Decreased reaction times from baseline to endline indicate an 

improvement on the SMS for: intercept, new items; intercept, old items; slope, new items; and 

slope, old items. 

Ethics 

 Ethical approvals were received from the University of Saskatchewan, Canada (Bio#17–

177), Marywood University, USA (IRB#1139116–2), and the Bangladesh Medical Research 

Council (BMRC/NREC/2016–2019/455) as per their respective protocols. Informed written 

consent and assent were taken from each participant and their respective parents, and a copy of 

the signed assent and consent form was given to the participants and parents.  

Statistical analyses 

 One-way analyses of covariance (ANCOVA) with post-hoc Tukey’s tests were used to 

compare the baseline blood measures between the three intervention groups using group as a 

factor and age as a covariate. Endline blood and behavioral variables were analyzed with one-

way ANCOVAs with group as a factor and the baseline value of the variable and age as 

covariates. 
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 The plausibility of the change in the iron biomarkers as the source of the change in the 

behavioral measures was assessed by regressing the change scores from the cognitive tasks onto 

the change scores for each of the iron biomarkers. Change scores were calculated by subtracting 

the endline value from the baseline variable. A final model for each regression was determined 

using a stepwise model selection procedure. For all analyses, both the value of sFt and its log 

transformed value were used, given the non-normal distribution of sFt. 

Results 

No participants were inflamed based on CRP levels at either baseline or endline (> 

10.0mg/l) (Table 1). Anemia (Hb < 12g/dL) increased approximately 16% and iron deficiency 

(sFt < 15 µg/L) increased about 10% from baseline to endline. Iron deficiency anemia (Hb < 

12.0g/dL and sFt < 15.0µg/L) increased approximately 10%, and iron deficiency non-anemia 

(Hb < 12.0g/dL and sFt > 15.0µg/L) remained the same throughout the entire timeline. 

Blood biomarkers (Table 2, Table 3) 

All three conditions had equivalent blood markers at baseline except for sFt, where the 

group consuming the iron-fortified lentils (FL) had a higher sFt (M = 54.32, SE = 2.8) than the 

group consuming the control lentils (M = 45.03, SE = 2.72) and the no lentil condition (M = 

50.96, SE = 2.77) (Table 2). Age was a significant covariate (F = 5.05, p < .05) at baseline for ln 

sFt, RBC, and MCV.  

At endline, the fortified lentil condition (M = 12.32, SE = 0.05) had a higher Hb level 

than both the non-fortified lentil (M = 12.17, SE = 0.05) and the control groups (M = 12.12, SE = 

0.05) (Table 3). From baseline to endline, Hb levels decreased in all three groups, with the 

largest decrease seen in the no-lentil group (mean change = 0.36). Note that even though Hb 

levels decreased overall, IDA decreased and IDNA remained the same. 
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At endline, the fortified lentil group (M = 47.88, SE = 1.57) had higher sFt levels than 

both the non-fortified lentil (M = 37.11, SE = 1.56) and no lentil (M = 38.13, SE = 1.58) groups. 

Ferritin levels decreased in all three groups from baseline to endline. The highest level of 

decrease was found in the no lentil control group (mean change = 12.83) and the least amount of 

decrease was found in the fortified-lentil group (mean change = 6.47). Note that even with these 

decreases, sFt levels were on average well above the criteria for IDNA and that the overall 

prevalence of IDNA did not change. 

At endline, the non-fortified lentil group (M = 4.24, SE = .11) had a higher sTfR value 

than the fortified lentil group (M = 3.68, SE = .11) but there was no significant difference 

between the non-fortified lentils and no-lentil groups or between the fortified lentils and no lentil 

groups (M = 3.97, SE = .12). From baseline to endline, the fortified lentil and non-fortified lentil 

groups increased in sFtR (mean change = .1), with the non-fortified lentil group showing the 

most increase (mean change = .32). The no lentil group (M = 3.98, SE = .32) showed a decrease 

in sTfR from baseline to endline (mean change = .01).  

At endline, the fortified lentil group (M = 7.37, SE = .15) had a higher TBI value than 

both the non-fortified lentil group (M = 6.17, SE = .15). and the no lentil group (M = 6.56, SE = 

.16), although there was no significant difference between the non-fortified and no lentil groups. 

From baseline to endline, TBI values decreased for all groups with the least decrease in the 

fortified-lentil group (mean change = .63).  

At the conclusion of the study, there were no differences among the three groups for 

RBC, Hct, MCV, CRP, or WBC and the baseline blood values were significant covariates for all 

variables except for CRP (Table 2). From baseline to endline, Hb, sFt, RBC, Hct, CRP, WBC, 

TBI, and ln_sFt values decreased in all groups. It should be noted that although the mean values 
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for these variables decreased, the endline values were above the threshold for ID and anemia, 

and the percentage of participants who were ID or anemic decreased or stayed unchanged. 

Cognitive Tasks (Table 4, Table 5) 

SRT 

Group was a significant predictor, and age was a significant covariate for BL RTs in each 

of the three conditions separately, but post-hoc comparisons revealed no significant differences 

in overall reaction time between the three groups at baseline. At endline, the fortified lentil group 

performed faster (M = 257 ms, SE = 3) than both the non-fortified lentil (M = 277 ms, SE = 3) 

and no lentil (M = 268 ms, SE = 3) groups, although there was no difference between the non-

fortified and no lentil groups. Reaction times from baseline to endline decreased for all three 

groups with the largest decrease seen in the fortified lentil group (mean change = 10 ms). 

GNG 

Group was a significant predictor and age was a significant covariate in each of the three 

groups separately, but post-hoc comparisons revealed no significant differences in RT between 

the three groups at baseline or endline. Age and baseline RT were significant factors at endline. 

RTs decreased for all three groups, with the least decrease in the no lentil group (mean change = 

12 ms). 

ANT 

 Age was a significant covariate at baseline while age and baseline reaction time were 

significant covariates for the 0-cue condition at endline. Group was a significant predictor at 

endline, although post-hoc comparisons revealed no significant differences in RT between the 

three groups at baseline or endline. RTs in the 0-cue condition decreased in all groups from 
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baseline to endline, with the fortified lentil group showing the most decrease (mean change = 43 

ms). 

There were no significant differences in RTs in the 2-cue condition at baseline. At 

endline, the non-fortified lentils had a longer RT (M = 544 ms, SE = 3) than both the fortified (M 

= 525 ms, SE = 3) and no lentil (M = 531 ms, SE = 3) groups, although there was no significant 

difference between the fortified and no lentil groups. Group was a significant predictor and 

baseline reaction time was a significant covariate at endline. Reaction time in the 2-cue condition 

decreased in all groups from baseline to endline with the fortified lentils group (mean change = 

51 ms) showing the most decrease and the non-fortified lentil group (mean change = 40 ms) 

showing the least decrease. 

There were no significant differences in alerting scores at baseline. At endline, the non-

fortified lentil group (M = 31 ms, SE = 3) had a lower alerting score than the fortified lentils 

group (M = 46 ms, SE = 3). There was no difference between the non-fortified lentil group or 

between the no lentil (M = 41 ms, SE = 3) and fortified lentil group. Age was a significant 

covariate at endline. Alerting scores from baseline to endline increased in the fortified (mean 

change = 12 ms) and no lentil group (mean change = 7 ms) with the fortified lentils showing the 

most increase in alerting scores.  

There were no significant differences in RTs in the center cue condition between the 

three groups at baseline. At endline, group was a significant predictor and age, and baseline RT 

were significant covariates on the ANT center cue variable. At endline, the fortified lentil group 

(M = 565 ms, SE = 3) had a higher reaction time than both the non-fortified (M = 549 ms, SE = 

3) and no lentil (M = 552 ms, SE = 3) groups, although there was no difference between the non-
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fortified and no lentil groups. From baseline to endline all three groups decreased in reaction 

time, with the non-fortified lentil (mean change = 62 ms) showing the most decrease.  

There were no significant differences in RTs between the three groups at baseline or 

endline for the spatial cue condition. Age was a significant covariate at baseline. Baseline 

reaction time and age were significant covariates at endline. From baseline to endline all reaction 

times in the spatial cue condition decreased with the most decrease seen for the fortified lentil 

group (mean change = 53 ms). 

There were no significant differences in the orienting score at baseline. Group was a 

significant predictor, and age and baseline orienting score were significant covariates at endline. 

At endline the fortified lentil group (M = 57 ms, SE = 3) had a higher orienting score than both 

the non-fortified (M = 32 ms, SE = 3) and no lentil (M = 35 ms, SE = 3) groups. There was no 

significant difference between the non-fortified and no lentil groups. From baseline to endline, 

orienting score in the fortified lentil increased (mean change = 18 ms), while orienting score in 

the non-fortified lentil (mean change = 15 ms) and no lentil (mean change = 2 ms) groups 

decreased.  

For the incongruent flanker condition, the fortified lentil group (M = 770 ms, SE = 7) had 

a longer RT at baseline than the non-fortified lentils (M = 738 ms, SE = 7), which had a longer 

RT than the no lentil group (M = 715 ms, SE = 7). Group and age were significant factors at 

baseline. Group and baseline reaction time were significant factors at endline, however post-hoc 

analyses revealed no significant differences in RT at endline. From baseline to endline all RTs in 

in the incongruent flanker condition for all three groups decreased with the fortified lentil group 

(mean change = 118 ms) showing the most decrease and the no lentil group (mean change = 64 

ms) showing the least decrease.  
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Although group was a significant predictor and age was a significant covariate, post-hoc 

analyses revealed no significant difference in RTs for the congruent flankers between the three 

groups at baseline. At endline, the fortified lentil group (M = 572 ms, SE = 4) had a shorter RT 

than both the non-fortified (M = 586 ms, SE = 3) and no lentil (M = 585 ms, SE = 4) groups. 

There was no difference between the non-fortified and no lentil groups. Group was a significant 

predictor, and age and baseline reaction time were significant covariates at endline. From 

baseline to endline reaction times decreased in all groups, with the most decrease seen in the 

fortified lentil group (mean change = 78 ms) and the least decrease seen in the no lentil group 

(mean change = 49 ms).  

 There was a significant difference in conflict score at baseline, with the fortified lentil 

group (M = 120 ms, SE = 7) showing the highest conflict score. There was no difference between 

the non-fortified (M = 89 ms, SE = 6) and no lentil (M = 81 ms, SE = 7) groups. Group was a 

significant factor at baseline. There was no significant difference in conflict scores between the 

three groups at endline, although age and baseline conflict score were significant covariates. All 

three groups decreased in conflict scores from baseline to endline with the fortified lentil group 

(mean change = 46 ms) showing the most decrease and the no lentil group (mean change = 15 

ms) showing the least decrease.  

CRT 

 For the new items given four cues, there was no significant difference in reaction time 

between the three groups at baseline or endline. Age was a significant covariate at baseline. Age 

and baseline reaction time were significant covariates at endline. From baseline to endline 

reaction times for all groups decreased, with the most decrease seen in the fortified lentil group 
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(mean change = 77 ms) and the least decrease seen in the non-fortified lentil group (mean change 

= 32 ms). 

For the old items given four cues, there was no significant difference in reaction time 

between the three groups at baseline or endline. Age was a significant covariate at baseline. Age 

and baseline reaction time were significant factors at endline. From baseline to endline reaction 

times for all groups decreased, with the most decrease seen in the fortified lentil group (mean 

change = 69 ms) and the least decrease seen in the non-fortified lentil group (mean change = 14 

ms). 

With respect to percent change in capacity, at baseline the non-fortified lentil group (M = 

40%, SE = 3) had a larger percent change in capacity than the fortified lentil (M = 26%, SE = 3). 

The no lentil group (M = 38%, SE = 3) had a larger percent change in capacity than the fortified 

lentil group (M = 26%, SE = 3). There was no significant difference between the non-fortified 

and no lentil groups at baseline. Group was a significant predictor at baseline. There were no 

significant differences in percent change in capacity among the three groups at endline. Neither 

group nor age nor baseline percent change in capacity affected endline percent change in 

capacity. From baseline to endline percent change in capacity in all three groups increased, with 

the fortified lentil group (M = 45%, SE = 4) showing the most increase in percent change in 

capacity. 

SMS 

The no lentil group (M = 1060 ms, SE = 26) had a significantly lower intercept for the 

search function for new items at baseline than the non-fortified (M = 958 ms, SE = 25). There 

was no significant difference between the non-fortified group and the fortified lentil (M = 977 

ms, SE = 26) group at baseline. Group was a significant predictor at baseline. There was no 
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significant difference in reaction times among the three groups at endline, although baseline 

intercept was a significant covariate at endline. From baseline to endline all three groups 

decreased the value of the intercept, with the most decrease in the no lentil group (mean change 

= 123 ms) and the least decrease in the non-fortified lentil group (mean change = 5 ms).  

There was no significant difference in the slope of the search function for new items 

between the three groups at baseline or endline. Neither age nor group nor baseline slope 

affected endline slope for any group. From baseline to endline slopes for all groups increased, 

with the most increase seen in the non-fortified lentil condition (mean change = 35 ms). 

 There were no significant differences in intercepts for the search function for old items 

among the three groups at baseline or endline. Neither age nor group nor baseline intercept 

affected endline reaction time for any group. From baseline to endline intercept values for all 

groups decreased, with the least increase seen in the control group (mean change = 24 ms) and 

the greatest increase seen in the fortified lentil group (mean change = 50 ms). 

The endline slope for the search function for old items for the fortified lentil group (M = 

32 ms, SE = 2) was smaller than both the non-fortified (M = 42 ms, SE = 2) and no lentil (M = 38 

ms, SE = 2) groups, showing that group was a significant predictor at endline. There was no 

significant difference between the non-fortified and no lentil groups. From baseline to endline all 

three groups increased the value of the slope, with the least increase seen in the fortified lentil 

group (mean change = 3 ms). 
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Plausibility Analysis (Table 6) 

 SRT 

A change in sFt and ln sFt predicted a change in reaction time on the SRT. The more that 

ln sFt increased from baseline to endline, the more RT decreased. Additionally, the more that 

sTfR increased, the more RT increased. 

GNG 

A change in TBI predicted a change in reaction time on the GNG. The more that TBI 

increased, the more RT decreased.  

ANT  

None of the changes in biomarkers predicted a change in reaction time in the 0-cue 

condition, center cue condition, or conflict score. A change in ln sFt predicted a change in 

reaction time in the 2-cue condition. The more ln sFt increased, the more RT decreased. A 

change in ln sFt predicted a change in reaction time on the ANT Alerting score. The more the ln 

sFt increased, the more the alerting score increased.  

A change in TBI predicted a change in reaction time in the spatial cue condition. The 

more TBI increased, the more RT decreased on the spatial cue condition. A change in TBI 

predicted a change in the orienting score. The more TBI increased, the more the orienting score 

increased.  

A change in ln sFt predicted a change in reaction time in the incongruent flanker 

condition. The more ln sFt increased, the more RT decreased. A change in sFt predicted a change 

in reaction time in the congruent flanker condition. The more sFt increased, the more RT 

decreased.  
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CRT 

 None of the changes in the biomarkers predicted a change in RT for new items with 4 

cues. A change in sFt predicted a change in the RT for old items with 4 cues. The more sFt 

increased, the more RT decreased. None of the changes in the biomarkers predicted change in 

percent change in capacity. 

SMS  

 None of the changes in the biomarkers predicted a change in the intercept for the 

search function for new items. A change in sTfR predicted a change in the slope of the search 

function for new items. The more that sTfR increased, the more the slope increased. A change in 

ln sFt predicted a change in the intercept of the search function for old items. The more ln sFt 

increased, the more the slope decreased. A change in ln sFt predicted a change in the slope of the 

search function for old items. The more ln sFt increased, the more the slope decreased. 

Discussion 

 In contrast to prior work, this study did not obtain uniform improvements in the iron 

biomarkers as a function of consuming the fortified lentils (van Thuy et al., 2005; Sun et al., 

2007; Andang’o et al., 2007).  Instead, this study found that the adolescents who consumed the 

iron fortified lentils were protected against decreasing iron levels compared to the other two 

conditions. This is seen specifically in the decrease of sFt and TBI from baseline to endline, with 

the iron fortified lentil condition showing the least decrease of the three groups. 

 The participants in the iron-fortified group had the highest levels of Hb, sFt, sFt, and TBI 

at endline. They also showed the lowest level of sTfR at endline indicating that iron was actively 

being used in the body. These levels indicate that the iron-fortified lentils were protective against 

the larger decrease seen in the control lentil or no lentil conditions. The participants in the iron-
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fortified lentils group had the least amount of decrease in Hb, sFt, and TBI from baseline to 

endline compared to the other groups. Although the iron-fortified group showed a decrease in 

sTfR from baseline to endline, this decrease was minor. The decreases in Hb, sFt, sFtR, and TBI 

from baseline to endline were modest considering that these levels were above what is 

considered to be ID or IDA.  

 Similar protective effects of the iron-fortification lentil were seen in the cognitive tasks. 

At endline, the iron-fortified lentil condition had the lowest reaction times in the SRT, GNG, 

CRT, and all aspects of the SMS except for the search function of new items (slope new). The 

iron-fortified lentil group had the highest alerting and orienting scores on the ANT. On the other 

hand, the non-fortified lentil group had the lowest reaction times at endline in the ANT center 

cue condition.  

The iron-fortified lentil group had the highest increase in percent change capacity on the 

CRT. Regarding the SMS, the slope old variable increased in all groups, although the iron-

fortified lentil group showed the least increase in slope. In sum, although the iron biomarkers did 

not improve overall from baseline to endline, smaller declines were seen in the iron-fortified 

lentil condition, which then corresponded to improvements on the cognitive measures.  

Results from this study, including cognitive improvements after intervention, are 

consistent with previous work. In 2018, Scott et al. found that consumption of a biofortified pearl 

millet improved cognition over 6 months on the SRT, GNG, ANT, and CRT in adolescents in 

India. In a study by Murray-Kolb et al., female students in Rwanda had better cognitive scores 

and iron levels after consuming iron-fortified beans (2017).  

In the United States, up to 25% of adolescent girls are iron deficient (Bruner et al., 1996). 

In a study conducted in Baltimore, MD, adolescent girls aged 13-18 improved on cognitive tasks 
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regarding memory and attention while taking iron supplements when compared to the control 

group (Bruner et al., 1996). This study showed that even in an urban population, iron 

supplementation is still effective. 

 Family and social factors could have affected the individual differences. Home life, 

friendships, and school involvement play a role in the adolescents’ lives. In addition, 

socioeconomic status might influence these results, as approximately 24.3% of people in 

Bangladesh lived under the poverty line in 2016 (Chowdhury et al., 2018). The urban rate of 

poverty was 29.6% compared to the rural estimate of 33.3% (Chowdhury et al., 2018). 

 Individual factors of the adolescent girls could have affected the results as well. For 

example, the target age was 10-17, and this is a time of normal puberty in adolescents. In a study 

by Malitha et al., researchers found that 51.55% of 10–12-year-olds in the Rajshahi Division in 

Bangladesh had not yet reached menarche (2020). Since menstruation can lead to iron loss, and 

thus iron deficiency, menstrual status is important although not measured in this study. 

Strengths 

The BRAC clubs are also a strength in this study. The maintenance of iron status that was 

seen in this study could positively impact children and adolescents in the BRAC clubs. The 

BRAC clubs are public clubs not funded by the government, which makes them accessible to a 

wider population of attendees. Both male and female attendees could benefit from the 

implementation of iron-fortified lentils in the BRAC clubs. 

This study showed the ability to predict changes in cognition through changes in blood 

biomarkers. The biofortified lentils showed a maintenance effect of iron status as well as 

improved cognition (through decreased reaction times) during the time of testing. The 

adolescents had a 0% attrition rate as 100% of the girls enrolled completed the feeding for the 
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entire 85 days. This shows that the girls enjoyed eating the lentils and the intervention was not 

difficult to implement into their diets. This is an improvement of taking nutritional supplements, 

as those have a higher attrition rate (Schultink, 1996). 

Future directions 

 Based on the findings from this study, future studies should investigate the feasibility of 

implementing iron into the Bangladeshi diet, especially by utilizing non-profit organizations such 

as the BRAC clubs. Accessibility to iron-fortified lentils through a BRAC club is not only 

convenient, but necessary, for these adolescent girls. BRAC clubs in Bangladesh should consider 

incorporating iron-fortified lentils into the diets of the adolescents the club serves. The BRAC 

clubs would be a positive exemplar for other non-profit organizations in Bangladesh and 

surrounding countries. 

Although this study did not find improvement in all blood and cognitive measures, a 

theory for maintenance is still plausible. From baseline to endline, the adolescent girls who 

consumed the iron-fortified lentils had higher levels of sFt than the non-fortified lentil or no 

lentil conditions at baseline and endline, suggesting a smaller decrease than the other two groups.  

All groups had a lower risk for anemia, iron deficiency, and iron deficiency non-anemia at 

baseline (Table 1). The only condition that did not change was iron deficiency non-anemia, 

suggesting that although iron levels improved, perhaps hemoglobin levels could not compensate 

(Table 1). 

The results of this study suggest that adding biofortified foods into a daily diet could be 

beneficial for iron status and could help improve cognition. BRAC clubs and other non-profit 

organizations are especially important in providing nutritious meals to adolescents who would 

not otherwise have access to iron-rich foods. More work is needed to determine the feasibility of 
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implementing more programs like the adolescent development programs and the effectiveness on 

iron-fortified foods to both increase compliance with iron supplementation and improve overall 

blood status and cognition. 
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Table 1: Participant Characteristics  
 Group (%) 
Measure FL CL NL 
Anemia BL 29 (24.79%) 35 (28.23%) 33 (27.97%) 
Anemia EL 41 (35.04%) 55 (44.35%) 60 (50.85%) 
ID BL 9 (7.69%) 13 (10.48%) 15 (12.71%) 
ID EL 18 (15.38%) 28 (22.58%) 27 (22.88%) 
IDA BL 5 (4.27%) 9 (7.26%) 11 (9.32%) 
IDA EL 15 (12.82%) 21 (16.94%) 26 (22.03%) 
IDNA BL 4 (3.42%) 4 (3.23%) 4 (3.39%) 
IDNA EL 3 (2.56%) 7 (5.65%) 1 (0.85%) 
Inflammation BL 1 (0.85%) 3 (2.42%) 0 
Inflammation EL 0 0 0 
n = 359, ID, iron deficiency; IDA, iron deficiency anemia; IDNA, iron deficiency 
non anemia; FL, fortified lentils; CL, control lentils; NL, no lentils 
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Table 2: Baseline Biomarkers       
        Partial LS Means (SE)  
Variable Factor F MSE eta^2 FL CL NL Ordering1 

Hb Group 0.60 0.71 0.004 12.50 (0.08) 
12.38 
(0.08) 12.48 (0.08) FL = CL = NL 

 Age 0.25  0.001     

sFt Group 2.34 879.13 0.013 54.35 (2.8) 
45.03 
(2.72) 50.96 (2.77) FL > CL = NL 

 Age 5.05*  0.015     

ln_sFt Group 1.93 0.56 0.011 3.78 (0.07) 
3.56 
(0.07) 3.72 (0.07) FL = CL = NL 

 Age 7.72**  0.022     

TBI Group 1.31 14.95 0.007 8.00 (0.36) 
7.11 
(0.35) 7.48 (0.36) FL = CL = NL 

 Age 2.14  0.006     

RBC Group 0.13 0.12 0.001 4.62 (0.03) 
4.61 
(0.03) 4.60 (0.03) FL = CL = NL 

 Age 11.86***  0.032     

Hct Group 2.14 8.37 0.012 39.67 (0.27) 
38.88 
(0.26) 39.43 (0.27) FL = CL = NL 

 Age 0.95  0.003     

MCV Group 2.32 45.50 0.013 86.13 (0.63) 
84.72 
(0.61) 86.06 (0.62) FL = CL = NL 

 Age 6.09*  0.017     

MCH Group 0.85 6.64 0.005 26.91 (0.24) 
26.64 
(0.23) 27.00 (0.24) FL = CL = NL 

 Age 2.12  0.006     

MCHC Group  1.24 1.41 0.007 31.20 (0.11) 
31.4 
(0.11) 31.35 (0.11) FL = CL = NL 

 Age 2.5  0.007     

sTfR Group  0.09 11.72 0.001 3.78 (0.32) 
3.92 
(0.31) 3.98 (0.32) FL = CL = NL 
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 Age 0.35  0.001     

CRP Group  0.24 5.67 0.001 0.78 (0.22) 
0.99 
(0.21) 0.91 (0.22) FL = CL = NL 

 Age 0  0     

WBC Group 2.53 5.06 0.014 9.70 (0.21) 
10.12 
(0.2) 9.60 (0.21) FL = CL = NL 

 Age 0.15  0.001     
n = 359, * p < .05, ** p < .01, *** p < .001; LS, least squares MSE, mean squared error; SE, standard error FL, fortified lentils; 
CL, control lentils; NL, no lentils; 1ordering determined using Tukey HSD 
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Table 3: Endline Biomarkers       

    Partial LS Means (SE)  

Variable Factor F MSE eta^2 FL CL NL Ordering1 

Hb Group 5.36** 0.25 0.034 12.32 (0.05) 12.17 (0.05) 12.12 (0.05) FL > CL = NL 

 Age 5.42*  0.018     

 Hb BL 332.81***  0.522     

sFt Group 35.99*** 249.96 0.189 47.88 (1.57) 37.11 (1.56) 38.13 (1.58) FL > CL = NL 

 Age 1.47  0.005     

 sFt BL 515.82***  0.626     

ln_sFt Group 35.22*** 0.14 0.186 3.65 (0.04) 3.39 (0.04) 3.43 (0.04) FL > CL = NL 

 Age 1.47  0.005     

 ln_sFt 
BL 

764.34***  0.712     

TBI Group 47.47*** 2.49 0.229 7.37 (0.15) 6.17 (0.15) 6.56 (0.16) FL > CL = NL 

 Age 0.69  0.002     

 TBI 
BL 

1424.86**
* 

 0.817     

RBC Group 3.48* 0.04 0.021 4.52 (0.02) 4.50 (0.02) 4.46 (0.02) FL = CL = NL 

 Age 0.68  0.002     

 RBC 
BL 

498.73***  0.611     

Hct Group 3.74* 3.01 0.023 38.17 (0.16) 38.09 (0.16) 37.7 (0.17) FL = CL = NL 

 Age 5.07*  0.016     

 Hct BL 455.50***  0.589     

MCV Group 9.32*** 4.74 0.056 84.74 (0.21) 85.00 (0.2) 84.73 (0.22) FL = CL = NL 

 Age 0.38  0.001     

 MCV 
BL 

2567.17**
* 

 0.890     

MCH Group 28.77*** 0.46 0.153 27.17 (0.07) 26.74 (0.06) 26.88 (0.07) FL > CL = NL 

 Age 0.02  0.000     

 MCH 
BL 

4172.05**
* 

 0.929     

MCHC Group 12.84*** 0.37 0.075 32.04 (0.06) 31.43 (0.06) 31.68 (0.06) FL > NL > CL 

 Age 1.34  0.004     

 MCHC 
BL 

888.63***  0.737     

sTfR Group 8.23*** 1.35 0.049 3.68 (0.11) 4.24 (0.11) 3.97 (0.12) CL > FL = CL 

 Age 0.62  0.002     

 sTfR 
BL 

2357.7***  0.881     

CRP Group 1.90 2.68 0.011 0.32 (0.16) 0.76 (0.15) 0.37 (0.16) FL = CL = NL 

 Age 3.61  0.011     

 CRP 
BL 

0.03  0     

WBC Group 2.26 2.37 0.014 9.10 (0.15) 9.31 (0.14) 9.33 (0.15) FL = CL = NL 
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 Age 0.90  0.003     

 WBC 
BL 

194.29***  0.379     

n = 359 , BL, baseline; * p < .05, ** p < .01, *** p < .001, MSE, mean squared error; SE, standard error FL, fortified lentils; CL, 
control lentils; NL, no lentils; 1ordering determined using Tukey HSD 
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Table 4: Baseline Cognitive 
Measures        
          Partial LS Means (std error)   
Task Variable Factor F MSE eta^2 FL CL NL Ordering1 

SRT RT Group 3.45* 1655.00 0.019 267 (4) 278 (4) 271 (4) FL = CL = NL 
  Age 14.27***  0.039     
GNG RT Group 3.09* 3892.67 0.017 387 (6) 395 (6) 379 (6) FL = CL = NL 
  Age 24.08***  0.064     
ANT 0 cues RT Group 2.11 11981.90 0.003 609 (5) 611 (5) 605 (5) FL = CL = NL 
  Age 124.08***  0.008     
ANT 2 cues RT Group 2.24 9076.01 0.003 576 (4) 577 (4) 571 (4) FL = CL = NL 
  Age 137.61***  0.088     
ANT Alerting RT Group 0.05 8172.83 0.0001 34 (4) 35 (4) 34 (4) FL = CL = NL 
  Age 1.27  0.001     
ANT Center RT Group 3.62* 11886.50 0.005 607 (5) 611 (5) 598 (5) FL = CL = NL 
  Age 80.19***  0.053     
ANT Spatial RT Group 0.95 10241.20 0.001 568 (5) 564 (5) 561 (5) FL = CL = NL 
  Age 115.04***  0.075     
ANT Orienting RT Group 1.44 8432.54 0.002 39 (4) 47 (4) 37 (4) FL = CL = NL 
  Age 1.41  0.001     
ANT Incongruent RT Group 14.48*** 21844.60 0.020 770 (7) 738 (7) 715 (7) FL > CL > NL 
  Age 99.03***  0.065     
ANT Congruent RT Group 4.24* 14543.80 0.006 650 (6) 650 (5) 634 (6) FL = CL = NL 
  Age 99.31***  0.065     
ANT Conflict RT Group 9.23** 20029.00 0.013 120 (7) 89 (6) 81 (7) FL > CL = NL 
  Age 3.58  0.059     

CRT New, 4 cues RT  Group 0.78 21654.90 0.004 890 (14) 
853 
(13) 

881 
(14) FL = CL = NL 

  Age 37.44***  0.095     

CRT Old, 4 cues RT  Group 0.39 14523.70 0.002 720 (11) 
699 
(11) 

707 
(11) FL = CL = NL 
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  Age 21.51***  0.058     
CRT Percent 
Change RT Group 6.73** 972.30 0.037 26 (3) 40 (3) 38 (3) FL < CL = NL 
in Capacity  Age 0.01  0     
SMS Intercept 
New RT Group 4.29* 78983.90 0.024 977 (26) 

958 
(25) 

1060 
(26) CL < FL = NL 

  Age 0.31  0.001     
SMS Slope new RT Group 1.36 1481.77 0.008 47 (4) 42 (3) 50 (4) FL = CL = NL 
  Age 0.38  0.001     

SMS Intercept old RT Group 0.68 41141.00 0.002 802 (19) 
826 
(18) 

812 
(19) FL = CL = NL 

  Age 4.29*  0.039     
SMS Slope Old RT Group 0.59 510.629 0.003 29 (2) 29 (2) 26 (2) FL = CL = NL 
    Age 0.22   0.001         
n = 359, * p < .05, ** p < .01, *** p < .001, MSE, mean squared error; SE, standard error FL, fortified lentils; CL, control 
lentils; NL, no lentils; 1 ordering determined using Tukey HSD 
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Table 5: Endline Cognitive Measures       
    Partial LS Means (std error)  

Task Factor F MSE eta^2 FL CL NL Ordering1 

SRT Group 17.11*** 980.00 0.110 257 (3) 277 (3) 268 (3) FL < CL = NL 
 Age 5.59*  0.020     
 RT BL 67.23***  0.190     

GNG Group 2.16 1435.21 0.015 364 (4) 368 (4) 367 (4) FL = CL = NL 
 Age 7.49**  0.026     
 RT BL 182.97***  0.391     

ANT 0 Cues Group 8.52** 4385.51 0.014 566 (3) 573 (3) 568 (3) FL = CL = NL 
 Age 84.57***  0.064     
 RT BL 482.43***  0.279     

ANT 2 Cues Group 15.41*** 3677.17 0.024 525 (3) 544 (3) 531 (3) CL > FL = NL 
 Age 14.74**  0.011     
 RT BL 316.24***  0.204     

ANT Alerting Group 2.84 4040.50 0.005 46 (3) 31 (3) 41 (3) FL > CL = NL 
 Age 36.41***  0.030     
 RT BL 0.23  0     

ANT Center Group 4.25* 4256.63 0.007 565 (3) 549 (3) 552 (3) FL > CL = NL 
 Age 64.55***  0.049     
 RT BL 542.65***  0.304     

ANT Spatial Group 1.77 4318.30 0.003 515 (3) 521 (3) 518 (3) Fl = CL = NL 
 Age 9.84**  0.008     
 RT BL 226.46***  0.156     

ANT Orienting Group 14.15*** 3533.70 0.024 57 (3) 32 (3) 35 (3) FL > CL = NL 
 Age 39.88***  0.033     
 RT BL 6.42*  0.006     

ANT Incongruent Group 4.25* 7611.21 0.007 638 (4) 652 (4) 651 (4) FL = CL = NL 
 Age 45.60***  0.035     
 Rt BL 433.49***  0.260     
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ANT Congruent Group 6.86** 5204.17 0.011 572 (4) 586 (3) 585 (4) FL < CL = NL 
 Age 18.01***  0.014     
 Rt BL 445.94***  0.260     

ANT Conflict Group 2.19 7478.78 0.004 74 (4) 65 (4) 66 (4) FL = CL = NL 
 Age 9.39**  0.008     
 RT BL 73.49***  0.057     

CRT New, 4 Cues Group 1.35 15504.63 0.001 813 (12) 821 (12) 837 (13) FL = CL = NL 
 Age 6.66*  0.023     
 RT BL 58.51***  0.162     

CRT Old, 4 Cues Group 2.8 16807.65 0.018 651 (13) 685 (13) 678 (13) FL = CL = NL 
 Age 7.37**  0.024     
 RT BL 6.52*  0.021     

CRT Percent Change 
in Capacity 

Group 0.23 1461.34 0.001 45 (4) 44 (4) 41 (4) FL = CL = NL 

 Age 0.01  0.000     
 RT BL 1.81  0.006     

SMS Intercept New Group 0.09 47640.76 0.001 944 (21) 953 (20) 937 (22) FL = CL = NL 
 Age 0.98  0.003     
 RT BL 6.87**  0.021     

SMS Slope New Group 1.15 2220.38 0.007 68 (5) 77 (4) 69 (5) FL = CL = NL 
 Age 0  0.000     
 RT BL 2.87  0.009     

SMS Intercept Old Group 3.36* 23462.63 0.021 752 (15) 802 (14) 770 (15) FL = CL = NL 
 Age 2.11  0.007     
 Rt BL 5.95*  0.018     

SMS Slope Old Group 7.81*** 317.29 0.047 32 (2) 42 (2) 38 (2) FL < CL = NL 
 Age 0.93  0.003     
 RT BL 0.01  0.000     

n = 359, * p < .05, ** p < .01, *** p < .001, MSE, mean squared error; SE, standard error FL, fortified lentils; CL, control 
lentils; NL, no lentils; 1 ordering determined using Tukey HSD 



 

34 
 

Table 6: Plausibility Analysis        
 Change  Predictors: Change Variables    

Task Variable Intercept Hb sFt ln sFt sTfR TBI R^2 
SRT RT -8.24   -12.38 10.49  0.043 

         
GNG RT -24.21     -3.34 0.012 

         
ANT RT 0 cues -28.55      0.000 

 RT 2 cues -43.31   -35.25   0.019 
 RT Alerting 15.31   37.98   0.021 
 RT Center -40.38      0.000 
 RT Spatial -39.17     -8.10 0.019 
 RT Orienting -3.54     5.40 0.008 
 RT Incongruent -102.40   -35.49   0.011 
 RT Congruent -60.99   -27.75   0.011 
 RT Conflict -40.37      0.000 
         

CRT RT New 0.021      0.000 
 RT Old -66.91  -1.03    0.014 
 Percent Change -0.03      0.000 
         

SMS Intercept New -38.35      0.000 
 Slope New 23.3    9.32  0.009 
 Intercept Old -56.58   -80.46   0.026 
 Slope Old 5.81   -9.97   0.021 

n = 359, * p < .05, ** p < .01, *** p < .001       
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