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Calcium intake is low in many countries, especially in low-income countries. Our objective was to perform a
simulation exercise on the impact, effectiveness, and safety of a flour fortification strategy using the Intake Mod-
elling, Assessment, and Planning Program. Modeling of calcium fortification scenarios was performed with avail-
able dietary intake databases from Argentina, Bangladesh, Italy, the Lao People’s Democratic Republic (Lao PDR),
Uganda, Zambia, and the United States. This theoretical exercise showed that simulating a fortification with 156mg
of calcium per 100 g of flour would decrease the prevalence of low calcium intake, and less than 2% of the individu-
als would exceed the recommended calcium upper limit (UL) in Argentina, Italy, Uganda, and Zambia. Bangladesh
and the Lao PDR showed little impact, as flour intake is uncommon. By contrast, in the United States, this strategy
would lead to some population groups exceeding the UL. This exercise should be replicated and adapted to each
country, taking into account the updated prevalence of calcium inadequacy, flour consumption, and technical com-
patibility between calcium and the flour-type candidate for fortification. A fortification plan should consider the
impact on all age groups to avoid the risk of exceeding the upper levels of calcium intake.
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Introduction

Adequate calcium intake is associated with bone
health, and increasing evidence shows the link
between adequate calcium intake and lower blood
pressure, particularly among young people, the pre-
vention of hypertensive disorders of pregnancy, and
lower blood pressure in the progeny of mothers tak-
ing sufficient calcium during pregnancy.1–5 An ade-
quate calcium intake has also been shown to lower
cholesterol values and prevent renal stones and col-
orectal adenomas.6–10

Calcium intake is low in many countries in the
world, especially in low- and middle-income coun-
tries (LMICs), though within certain high-income
countries (HICs), low calcium intake can also be
found within some population age groups.5,11–13 To
achieve recommended intake, diets with calcium-
rich foods are ideal; however, a change in dietary
habits is difficult to achieve in a short period of
time.14 Another strategy to increase calcium intake
is through calcium supplements, but adherence to
supplements is usually low.5
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Food fortification strategies for calcium may
be an effective and cost-effective alternative
strategy.15–17 Preliminary steps to assess food
fortification as a strategy include to determine the
appropriate food (vehicle) and calcium salt (for-
tificant) as well as the fortification level necessary
to improve calcium intake without putting any
population group at risk of excessive intake.18
In order to define the fortification level, repre-

sentative data on food and nutrient intake for the
aimed population are required so as to identify the
level of nutrient inadequacy in the population and
the appropriate food vehicle that is sufficiently con-
sumed to cover this gap.18 The feasibility of the
industrial process and the compatibility of calcium,
which is very bulky, with the fortification vehicle
is crucial to warrant a final product correctly for-
tified and well accepted by the population. Simula-
tion methods may be used to estimate the impact
of different fortification levels on the distribution of
nutrient intake of each population group that will
be reached by the fortification strategy. Simulation
allows estimating the reduction of nutrient inade-
quacy for each population group as well as the per-
centage of individuals with excess intake.19–21
Fortification of wheat and maize flour has been

used for many years to increase the intake of
iron, folic acid, vitamin B12, vitamin A (VA), and
zinc, although the evidence of its effect on clinical
outcomes is not always available.22–24 The United
Kingdom has mandatory fortification of flour with
calcium since 1943 (between 94 and 156 mg of
calcium per 100 g of white wheat flour) with the
aim to improve calcium intake in the war times
when dairy products were scarce. This policy was
reinforced in 1998 after a review had found that
stopping this mandatory fortification of flour with
calcium would increase the proportion of the
population with inadequate calcium intake.25 The
review showed that stopping calcium addition to
flour would have no significant effect in the calcium
intake of children younger than 10 years; however,
it would increase the percentage of older children
with inadequate calcium intake from 15% to 21%
in girls aged 11–18 years, and from 8% to 12% in
boys aged 11–18 years. In adults, the percentages of
inadequacy would increase from 3% to 4% for men
and from 6% to 9% for women; and from 1% to 3%
for men and from 3% to 5% for women in older
people if added calcium was removed.25

The objective of this manuscript is to present a
theoretical simulation exercise of the impact of flour
fortification with calcium on calcium intake ade-
quacy in seven countries: Argentina, Bangladesh,
Italy, the Lao People’s Democratic Republic (LAO
PDR), Uganda, the United States, and Zambia.11
These countries show a diversity of income and
development, including LMICs from South Amer-
ica, Africa, and Asia, and two HICs.

Materials and methods

We searched for available national or subnational
dietary assessment databases collected through
24-h recalls or dietary records with individual
information of food amount intake with free
public access. In our search, we found dietary
intake databases of 24-h recalls from Argentina,
Bangladesh, the Lao PDR, Uganda, the United
States, and Zambia, and of self-recorded food
records from Italy, and thus, we included these
countries in our analysis. Argentina, Bangladesh,
the Lao PDR, Uganda, and Zambia are coun-
tries in regions with very low calcium intake
(below 400 mg/day), whereas the United States
and Italy are countries with adequate calcium
intake.11 Databases from Bangladesh, Italy, the Lao
PDR, Uganda, and Zambia were obtained from
the FAO/WHO Global Individual Food consump-
tion data Tool (FAO/WHO GIFT), an open-access
online platform hosted by the FAO and supported
by the WHO.26 The database of Argentina was
obtained from the Ministry of Health, and the U.S.
database was obtained from the Centers for Dis-
eases Control and Prevention (CDC) website.27,28
We used the Intake Modelling Assessment Pro-

gram (IMAPP) developed by the Iowa University,
a computer program that allows running different
simulation scenarios of nutrient intake using the
information of daily intake of population groups
and estimates the best amount of a fortificant to
be added to a food vehicle in order to decrease the
level of nutrient inadequacy without exceeding the
recommended upper limits (ULs).19,20 The program
requires the use of individual dietary information;
therefore, we searched for 24-h recalls or dietary
records. We simulated the shifts in the distribution
of calcium intake necessary so that the majority of
population groups improved their calcium intake
and achieved a mean intake closer to their require-
ment without exceeding the recommended UL. For
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each database, we evaluated the effectiveness and
safety of flour fortification with 156 mg of calcium
per 100 g of flour.19 On the basis of the extensive
experience of mandatory flour fortification in the
United Kingdom, we selected 156mg of calciumper
100 g of flour as this is the maximum fortification
level allowed in the United Kingdom, and thus, a
feasible level to fortify.29 Effectivenesswasmeasured
as the percentage of individuals below the estimated
average intake (EAR) and safety as the percentage of
individuals exceeding the UL of their correspond-
ing age-specific population subgroup. We used the
default harmonized dietary reference values in the
IMAPP program that are mainly a compilation of
EARs from IOM DRIs, RNIs from the FAO/WHO
tables. For a proper simulation, it would be ideal to
use each country’s dietary references; however, not
all selected countries have their own references, and
besides, it would be difficult to compare results in
this exercise.
The EAR was defined as a nutrient intake value

that is estimated to meet the requirement of half of
the healthy individuals in a group.18 The ULs reflect
the maximum daily intake levels at which no risk of
adverse health effects is expected for almost all indi-
viduals in the general population, including sen-
sitive individuals, when the nutrient is consumed
over long periods of time. In other words, the UL is
the highest usual intake level of a nutrient that poses
no risk of adverse effects.30

Population
Argentina. Data were obtained from the first
Health and Nutrition National Survey (abbreviated
as ENNyS in Spanish) carried out by theMinistry of
Health in Argentina between 2004 and 2005.27 Par-
ticipants were selected using a probabilistic com-
plex sample design, including different socioeco-
nomic levels from both large and small cities of
all provinces of Argentina representing the whole
population.31 Data were collected using a single
24-h recall. The survey included weights that were
used in the IMAPP analysis.
The survey included 1338 children aged 0 to less

than 9 years, 6605 women aged 19 to less than
50 years, and 1610 pregnant women (PW) 14 to less
than 45 years.

Bangladesh. Consumption data from the initial
survey of a HarvestPlus multistage research pro-
gram to determine the potential impact of zinc-

biofortified rice on the zinc and health status among
children in Bangladesh were used to obtain con-
sumption data. The original study was conducted
in collaboration with the University of California,
Davis, and the International Centre for Diarrheal
Disease Research, Bangladesh (ICDDR). Data were
collected in two rural rice-producing regions: in
Trishal from late October 2007 through early May
2008, and in Pirgaccha from late January through
June 2008. Dietary information was collected pri-
marily by direct observation and weighing of food
preparation and consumption.26

According to the IOM age categories, there were
224 nonpregnant women (NPW) aged 18–70 years
and 236 PW aged 19–51 years. The survey also
included girls aged 14–19 years and women aged 51
to less than 71 years; however, the analysis of these
age groups was not possible owing to the low num-
ber of cases.32

Italy. Data were obtained from the third national
survey L’indagine Nazionale sui Consumi Alimen-
tari in Italia (abbreviated as INRAN-SCAI in Ital-
ian) performed by the Italian Consiglio per la
Ricerca in Agricoltura E L’analisi Dell’economia
Agrarian (abbreviated as CREA in Italian) from
October 2005 to December 2006.33 The survey cov-
ered all seasons and included a sample representa-
tive of the Northwest, Northeast, Center, South, and
the Islands of Italy. Consumption of all foods, bev-
erages, food supplements, and medicines was self-
recorded by subjects for 3 consecutive days on hard-
copy diaries structured bymeal. For our analysis, we
used the first and third survey days.
The survey included 3323 individuals:

1501 males and 1793 females; however, some
did not have all required data, and finally, 3269
were analyzed, including 377 children aged 0 to
less than 14 years, 28 PW aged 19 to less than 51
years, 1584 NPW aged 19 to less than 97 years, and
1280 men aged 19 to less than 92 years.

The Lao PDR. Data were obtained from the
National Food Consumption Survey Lao PDR per-
formed in rural and urban settings from December
2016 toMay 2017.26 The survey included 2045 indi-
viduals: 870 males and 1175 women. Owing to the
low sample size, NPW aged 71 or above and boys
aged 9 to less than 19 years were excluded from this
analysis.32 A total of 1919 individuals were analyzed
in this study: 1048 children aged 3 months to less
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than 14 years, 319 NPW older than 14 years, 285
PW older than 16 years, and 267 men older than
19 years.

Uganda. Dietary intakes from Uganda were
obtained from the baseline survey of the Har-
vestPlus Reaching End Users (REU) Orange-
Fleshed Sweet Potato (OFSP) project performed
in three rural regions of Eastern and Central
Uganda: Bukedea, Kamuli, and Mukono. This
cross-sectional study took place from January
1 to December 31, 2007. The project aimed at
inducing broad OFSP adoption to increase VA
intakes among women in Uganda.26 The survey
included 577 women of reproductive age. After
classifying participants into the IOM age categories
for recommended dietary values, we found that
only three girls were younger than 19 years, so they
were excluded from the analysis. Nine of those had
missing data; they were also excluded. A total of
565 women were included in the dietary intake
analysis: 270 NPW aged 20–67 years and 295 PW
aged 19–48 years.

The United States. The data source for the
United States was 2016 nationally representative,
cross-sectional survey of the noninstitutionalized
U.S. population (NHANES) administered by the
National Center for Health Statistics within the
CDC.34 The survey has a stratified, multistage prob-
ability cluster sampling design. The survey included
weights that were used in the IMAPP analysis.
The survey included 9971 individuals, although

only 8339 had data on calcium intake: 2443 children
aged 0 to less than 19 years, 2974 women aged 19 to
less than 80 years, 2859 men aged 19 to less than
80 years, and 63 PW 20 to less than 42 years.

Zambia. Dietary intakes from Zambia were
obtained from the initial survey of the HarvestPlus
nutritional survey. This survey was carried out in
Nyimba District in Eastern Province and Mkushi
District in Central Province with the collaboration
with the National Food and Nutrition Commis-
sion (Lusaka, Zambia) and the Tropical Diseases
Research Centre (Ndola, Zambia) from April 30,
2007 to December 29, 2009. The main goal of
the survey was to obtain adequate background
nutritional information among preschool children
from rural Zambia to assess the potential impact

of food-based interventions to improve VA status,
including proVA-biofortified maize.26

The survey included 454 children aged 1 to less
than 9 years, 145 NPW aged 19 to less than 50 years,
and 186 PW aged 17 to less than 51 years. Other
groups (infants and females aged 14 to less than
19 years and/or 51 to less than 71 years, pregnant
or not) were not included in the analysis because of
an insufficient number.32

Analysis
Usual calcium intake was estimated using the daily
intake information from individuals in each of the
selected databases and available age groups. We fol-
lowed the methodology to assess the usual calcium
intake to obtain adjusted intake distributions.35 For
those populations that had repeated information in
a nonconsecutive day, we used these repeated recalls
to calculate the day-to-day variability of calcium
intake using the IMAPP. The variability was then
used to adjust the calcium intake distribution of
one single day in order to obtain an estimated dis-
tribution of the usual calcium intake. For popula-
tions with no repeated information, we estimated
the usual calcium intake using a default external
variance ratio for calcium provided by the IMAPP.
The IMAPP was used to assign each popula-

tion group the corresponding calcium EAR and UL
needed to calculate the baseline prevalence of inad-
equate calcium intake as the proportion of individ-
uals in the group with usual calcium intake below
the age-specific EAR and the proportion of indi-
viduals with usual calcium intakes above the age-
specific UL, using values defined by the IMAPP.36
We then calculated the initial gap defined as the esti-
mated amount of calcium that should be added to
flour in order to achieve the “target prevalence of
inadequate intakes.” The initial gap was calculated
as the difference in mg per day between the EAR for
the target population group and the usual calcium
intake corresponding to the desired prevalence for
that group.Weused a target prevalence of 50%when
the prevalence of inadequate intake was above 50%,
10% when it was between 10% and 50%, and 0%
when it was less than 10%.
Subsequently, for each country database, the flour

content of each of the foods that contained wheat,
rice, maize, or any kind of flour was estimated.
For example, if the food item in the database was
flour, the flour content was 100%. However, if the
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Table 1. Results of the simulation for Argentina: hypothetical changes in usual (adjusted) calcium intake after addi-
tion of 156 mg of calcium per 100 g of flour

Flour consumption Calcium intake

Calcium intake after
fortification with 156 mg

in 100 g flour

Group
(age in years) N EAR UL

%
population
consuming

flour

Mean
flour
intake
(mg) SD

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Children
0.5 ≤ age < 1 2110 270 1500 80.9 22.2 25.4 609.1 460.4 17.5 1.5 644.0 353.7 14.4 1.8
1 ≤ age < 4 7787 400 2500 96.5 53.6 42.1 752.2 323.4 13.4 0.0 835.7 329.8 8.5 0.0
4 to < 9 3480 640 2500 98.4 89.1 61.1 683.3 260.6 46.2 0.0 821.3 266.8 26.0 0.0

Nonpregnant women
9 ≤ age < 14 864 1100 3000 99.2 120.5 72.8 460.7 167.6 99.9 0.0 649.6 188.1 98.3 0.0
14 ≤ age < 19 1122 1100 3000 98.3 116.1 81.1 438.8 198.2 99.4 0.0 619.8 230.6 96.5 0.0
19 ≤ age < 31 2112 800 2500 97.8 103.6 75.3 402.6 168.1 97.6 0.0 564.7 193.1 88.4 0.0
31 ≤ age < 51 2507 800 2500 82.4 87.9 64.5 361.6 180.2 97.6 0.0 499.4 200.1 92.0 0.0

Pregnant women
14 ≤ age < 19 197 1100 3000 98.0 137.2 100.9 470.6 246.7 97.8 0.0 684.5 287.0 91.4 0.0
19 ≤ age < 31 963 800 2500 98.8 123.0 82.2 490.6 240.1 89.0 0.0 682.8 274.1 70.8 0.0
31 ≤ age < 51 450 800 2500 98.7 107.8 82.4 491.3 244.7 88.4 0.0 659.8 275.1 73.0 0.0

Note: Shown for each age group are the number of individuals included in the analysis, dietary reference values for calcium (EAR
and UL), percentage of individuals who consumed flour, mean flour intake taking into account all the individuals in the group and
SD, calcium intake, adequacy of calcium intake, and calcium intake after fortifying flour with 156 mg of calcium per 100 g of flour.
EAR, estimated average requirement; UL, the upper limit for calcium according to the dietary reference intakes of the Institute of
Medicine Food and Nutrition Board.

food item was bread, we calculated the percentage
of flour content in that bread. We used published
documents to estimate these percentages of flour,
for example, the UK Scientific Advisory Committee
document on nutrition and nutritional implications
of repealing the UK bread and flour regulations.25
However, when the food item was not in these doc-
uments, we estimated the content of flour from local
recipes, corresponding foodwebsites, or food labels.
For each country, a distribution of the consump-

tion of all flourswasmade.When the food item con-
tained a mix of flours, we calculated the amount of
flour in that food as the sum of all flours present in
the food. For example, if the food had 30% of rice
flour and 40% of wheat flour, we calculated that all
flour will be fortified, and the amount of flour was
70%. In real-case scenarios, it would be necessary to
assess the feasibility of the fortification of each flour
source.
For the analysis of flour content, all supplements

or medicines in the form of tablets or pills that

may contain starch were not contemplated, whereas
dietary supplements in the form of powder, shakes,
or liquid ready to drinkwere included. Finally, using
the IMAPP, the adjusted calcium intake distribu-
tions for each age group after simulating the addi-
tion of 156mg of calcium to 100 g of flour were esti-
mated to assess the impact on inadequate calcium
intake and risk of excess.

Results

For each country included in this analysis,
Tables 1–7 show the number of individuals for
each age group, the percentage of individuals who
reported eating any food containing flour (we used
the first dietary assessment if they had more than
one), and the average flour intake. The percentage
of the population consuming flour varied among
countries going from a very low percentage in
Bangladesh and the Lao PDR to most of the pop-
ulation consuming flour like in Zambia, Italy, the
United States, and Argentina.

63Ann. N.Y. Acad. Sci. 1493 (2021) 59–74 © 2021 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences



Simulation of calcium fortification of flour Cormick et al.

Table 2. Results of the simulation for Bangladesh: hypothetical changes in usual (adjusted) calcium intake after
addition of 156 mg of calcium per 100 g of flour

Flour consumption Calcium intake

Calcium intake after
fortification with 156 mg

in 100 g flour

Group
(age in years)

N
round
1

N
round
2 EAR UL

%
population
consuming

flour

Mean
flour
intake
(mg) SD

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Nonpregnant women
19 ≤ age < 31 157 157 800 2500 6.4 1.9 6.8 160.8 55.6 100.0 0.0 164.1 58.4 100.0 0.0
31 ≤ age < 51 67 67 800 2500 13.4 3.1 13.2 151.8 53.7 100.0 0.0 156.8 58.7 100.0 0.0

Pregnant women
19 ≤ age < 31 174 173 800 2500 8.6 1.6 6.5 150.2 58.8 100.0 0.0 152.1 61.1 100.0 0.0
31 ≤ age < 51 62 62 800 2500 9.7 1.5 5.9 143.2 80.3 100.0 0.0 146.0 88.4 99.9 0.0

Note: Shown for each age group are the number of individuals included in the analysis, dietary reference values for calcium (EAR
and UL), percentage of individuals who consumed flour, mean flour intake taking into account all the individuals in the group and
SD, calcium intake, adequacy of calcium intake, and calcium intake after fortifying flour with 156 mg of calcium per 100 g of flour.
EAR, estimated average requirement; UL, the upper limit for calcium according to the dietary reference intakes of the Institute of
Medicine Food and Nutrition Board.

The usual calcium intake was calculated using
the information from repeated measures reported
in the databases, except for Argentina, where the
external variance provided by the IMAPP (the
2003–2008 NHANES coefficient of variance) was
used, as the database did not have duplicate recalls
or the number of cases with duplicate recalls was
small. The results for the simulation exercise pre-
sented here include themean calcium intake, preva-
lence of low calcium intake, and percentage of cal-
cium intake above the UL for each age group avail-
able by country, before and after a hypothetical flour
fortification process.

Argentina
The mean and standard deviation (SD) daily cal-
cium intake ranged from 609.3 (SD = 348.0) to
752.2 (SD = 323.4) mg in children, from 361.6
(SD = 180.2) to 460.7 (SD = 167.6) mg in NPW,
and from 470.6 (SD = 246.7) to 491.3 (SD = 244.7)
mg in PW. The prevalence of low calcium intakewas
17.5% in children less than 1 year, 13.4% in children
age 1 to less than 4 years, 46.2% in children 4 to less
than 9 years, and 88% or higher in girls and women,
including PW. None of the groups had individuals
with calcium intake exceeding the recommended
UL for calcium except for children between aged
6 months and less than 1 year where 1.8% exceeded

the recommended UL (Table 1). The mean flour
intake in adults ranged from 87.9 to 137.2 g per day,
and it was mainly wheat.
After the simulation, the intake of flour forti-

fied with 156 mg per 100 g, the prevalence of low
calcium intake decreased from 17.5% to 14.4% in
children less than 1 year (and a change from 1.5% to
1.8% of this population group above the UL), from
13.4% to 8.5% in children aged 1 to less than 4 years,
and from 46.2% to 26.0% in children aged 4 to less
than 9 years. The prevalence of low calcium intake
was marginally reduced in NPW and PW (Table 1).
None of the groups had more than 1.8% of the
individuals with calcium intakes exceeding the UL.
The original and after-simulation calcium intake
distributions are presented in Figure S1 (online
only).

Bangladesh
The mean and SD daily calcium intake in NPW
ranged from 151.8 (SD= 53.7) to 160.8 (SD= 55.6)
mg and from 143.2 (SD= 80.3) to 150.2 (SD= 58.8)
mg in PW. The prevalence of low calcium intakewas
100% in all age groups. None of the groups had indi-
viduals with calcium intake exceeding the recom-
mendedUL for calcium (Table 2). The percentage of
the population with flour intake in Bangladesh and
the amount of flour consumed was very low, so a
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Table 3. Results of the simulation for Italy: hypothetical changes in usual (adjusted) calcium intake after addition
of 156 mg of calcium per 100 g of flour

Flour consumption Calcium intake

Calcium intake after
fortification with 156 mg

in 100 g flour

Group
(age in years)

N
round
1

N
round
2 EAR UL

%
population
consuming

flour

Mean
flour
intake
(mg) SD

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Children
0.5 to < 1 9 9 270 1500 100.0 28.5 20.2 600.0 147.3 1.7 0.0 639.1 145.5 1.0 0.0
1 ≤ age < 4 53 53 400 2500 100.0 64.0 37.1 728.6 180.5 1.9 0.0 822.0 172.9 0.3 0.0
4 ≤ age < 9 145 145 640 2500 99.3 109.0 50.4 725.9 210.6 37.2 0.0 890.9 229.1 12.6 0.0

Pregnant women
19 ≤ age < 31 4 4 800 2500 100.0 105.5 48.2 1009.1 181.2 13.1 0.0 1299.7 170.6 0.6 0.0
31 ≤ age < 51 24 24 800 2500 100.0 146.3 78.2 822.0 267.6 51.0 0.0 1029.1 297.1 22.9 0.0

Nonpregnant women
9 ≤ age < 14 83 83 1100 3000 100.0 125.7 52.9 791.2 247.8 88.9 0.0 992.4 267.6 69.1 0.0
14 ≤ age < 19 84 84 1100 3000 100.0 139.1 64.5 819.5 187.0 92.3 0.0 1032.5 216.5 64.8 0.0
19 ≤ age < 31 261 261 800 2500 99.6 118.0 58.9 716.4 237.5 68.4 0.0 905.2 264.4 37.3 0.0
31 ≤ age < 51 551 551 800 2500 99.3 114.1 57.5 734.9 236.3 65.7 0.0 914.6 270.3 36.6 0.0
51 ≤ age < 71 482 482 1000 2000 98.8 104.0 50.8 756.0 243.9 84.7 0.0 914.8 260.9 66.6 0.1
age ≥ 71 206 206 1000 2000 100.0 106.3 53.9 799.7 228.4 81.8 0.0 963.8 244.5 59.0 0.0

Male
9 ≤ age < 14 83 83 1100 3000 98.5 151.4 62.6 881.9 325.0 78.0 0.0 1106.2 354.6 53.9 0.0
14 ≤ age < 19 68 68 1100 3000 100.0 177.4 76.4 835.3 297.9 82.8 0.0 1089.5 331.9 55.9 0.0
19 ≤ age < 31 208 208 800 2500 99.1 161.4 73.9 859.4 239.3 44.3 0.0 1107.7 295.5 14.1 0.0
31 ≤ age < 51 481 481 800 2500 99.2 145.0 68.8 790.2 257.8 56.8 0.0 1010.9 298.8 25.4 0.0
51 ≤ age < 71 418 418 800 2000 99.5 140.2 62.2 838.7 283.7 49.6 0.2 1055.4 305.2 20.6 0.6
age ≥ 71 105 105 1000 2000 100.0 129.1 52.4 917.2 275.0 66.2 0.2 1120.0 301.0 38.4 1.0

Note: Shown for each age group are the number of individuals included in the analysis, dietary reference values for calcium (EAR
and UL), percentage of individuals who consumed flour, mean flour intake taking into account all the individuals in the group and
SD, calcium intake, adequacy of calcium intake, and calcium intake after fortifying flour with 156 mg of calcium per 100 g of flour.
EAR, estimated average requirement; UL, upper limit for calciumaccording to the dietary reference intakes of the Institute ofMedicine
Food and Nutrition Board.

flour fortification strategy in this population would
not have an impact on calcium intake.
The original and after-simulation calcium intake

distributions are presented in Figure S2 (online
only).

Italy
The mean and SD of daily calcium intake ranged
from 600.0 (SD = 147.3) to 728.6 (SD = 180.5)
mg in children, from 822.0 (SD = 267.6) to 1009.1
(SD= 181.2) mg in PW, from 716.4 (SD= 237.5) to
819.5 (SD = 187.0) mg in girls and NPW, and from
790.2 (SD = 257.8) to 917.2 (SD = 275.0) mg in
boys andmen. The prevalence of low calcium intake

ranged from 1.7% to 37.2% in children, from 13.1%
to 51.0% in PW, from 65.7% to 92.3% in girls and
NPW, and from 44.3% to 82.8% in boys and men.
None of the groups had more than 1.0% of the indi-
viduals with calcium intakes exceeding the recom-
mended UL for calcium (Table 3). The mean flour
intake in adults ranged from 104.0 to 177.4 g per
day, and it was mainly wheat.
After simulating the intake of flour fortified with

156 mg per 100 g, the prevalence of low cal-
cium intake decreased from 1.7% to 1% in chil-
dren less than 1 year, from 1.9% to 0.3% in chil-
dren aged 1 to less than 4 years, and from 37.2%
to 12.6% in children aged 4 to less than 9 years.
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Table 4. Results of the simulation for the Lao PDR: hypothetical changes in usual (adjusted) calcium intake after
addition of 156 mg of calcium per 100 g of flour

Flour consumption Calcium intake

Calcium intake after
fortification with 156 mg

in 100 g flour

Group
(age in years)

N
round
1

N
round
2 EAR UL

%
population
consuming

flour

Mean
flour
intake
(mg) SD

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Children
0.5 ≤ age < 1 170 19 270 1500 28.8 2.2 5.8 328.8 398.6 62.3 2.0 332.2 401.1 61.7 2.0
1 ≤ age < 4 407 45 400 2500 62.4 9.5 15.6 364.1 257.9 66.8 0.0 378.6 258.8 64.6 0.0
4 ≤ age < 9 294 29 640 2500 74.5 16.7 23.4 214.1 104.6 99.5 0.0 238.8 106.2 99.5 0.0

Nonpregnant women
9 ≤ age < 14 74 5 1100 3000 73.0 30.1 40.1 207.2 93.4 100.0 0.0 252.9 103.6 100.0 0.0
14 ≤ age < 19 38 4 1100 3000 55.3 30.5 40.1 207.7 166.8 99.5 0.0 257.2 165.3 99.6 0.0
19 ≤ age < 31 53 3 800 2500 34.0 22.6 44.1 263.5 109.9 99.8 0.0 295.7 115.0 99.8 0.0
31 ≤ age < 51 101 11 800 2500 34.7 18.4 30.7 250.6 105.4 99.8 0.0 278.0 107.5 99.8 0.0
51 ≤ age < 71 127 15 1000 2000 22.8 9.6 22.3 230.0 125.3 99.9 0.0 252.2 138.3 99.8 0.0

Pregnant women
14 ≤ age < 19 23 3 1100 3000 39.1 18.4 29.3 229.6 103.1 100.0 0.0 291.0 101.8 100.0 0.0
19 ≤ age < 31 196 25 800 2500 33.7 18.4 35.8 313.7 185.5 97.6 0.0 342.2 146.3 98.9 0.0
31 ≤ age < 51 66 8 800 2500 37.9 20.3 42.7 300.6 167.1 98.3 0.0 332.9 167.1 98.1 0.0

Male
19 ≤ age < 31 22 – 800 2500 31.8 17.8 29.1 212.0 62.5 100.0 0.0 240.5 67.5 100.0 0.0
31 ≤ age < 51 108 13 800 2500 19.4 11.0 28.8 435.6 381.3 89.7 0.5 421.0 291.3 91.3 0.1
51 ≤ age < 71 116 12 800 2000 11.2 4.8 15.3 276.1 137.8 99.3 0.0 292.0 146.1 99.0 0.0
age ≥ 71 21 3 1000 2000 23.8 5.4 15.5 342.4 222.0 98.1 0.1 354.9 237.7 97.6 0.2

Note: Shown for each age group are the number of individuals included in the analysis, dietary reference values for calcium (EAR
and UL), percentage of individuals who consumed flour, mean flour intake taking into account all the individuals in the group and
SD, calcium intake, adequacy of calcium intake, and calcium intake after fortifying flour with 156 mg of calcium per 100 g of flour.
EAR, estimated average requirement; UL, the upper limit for calcium according to the dietary reference intakes of the Institute of
Medicine Food and Nutrition Board.

The prevalence of low calcium intake was reduced
from 88.9% to 69.1% in girls from 9 to less than 14
and from 92.3% to 64.8% in girls from 14 to less
than 19.
The prevalence of low calcium intake was

reduced from 68.4% to 37.3% in the group of NPW
aged 19 to less than 31 years, from 65.7% to 36.6%
in the group of NPW aged 31 to less than 51 years,
from 84.7% to 66.6% in the group of NPW aged 51
to less than 71 years, from13.1% to 0.6% in PWaged
19 to less than 31 years, and from 51.0% to 22.9% in
PW 31 to less than 51 years (Table 3). None of the
groups had more than 1% of the individuals with
calcium intakes exceeding the UL.
The prevalence of low calcium intake was

reduced from around 80% to 55% in boys aged 9 to

less than 19, from 44.3% to 14.1% inmen aged 19 to
less than 31, from 56.8% to 25.4% inmen aged 31 to
less than 51, from 49.6% to 20.6% inmen aged 51 to
less than 71, and from 66.2% to 38.4% in men aged
over 71.
The original and after-simulation calcium intake

distributions are presented in Figure S3 (online
only).

The Lao PDR
The mean and SD daily calcium intake ranged from
214.1 (SD= 104.6) to 364.1 (SD= 257.9)mg in chil-
dren, from 207.2 (SD = 93.4) to 263.5 (SD = 109.9)
mg in girls and NPW, from 229.6 (SD = 103.1)
to 313.7 (SD = 185.5) mg in PW, and from 212.0
(SD = 62.5) to 435.6 (SD = 381.3) mg in men. The
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Table 5. Results of the simulation forUganda: hypothetical changes inusual (adjusted) calcium intake after addition
of 156 mg of calcium per 100 g of flour

Flour consumption Calcium intake

Calcium intake after
fortification with 156 mg

in 100 g flour

Group
(age in years)

N
round
1

N
round
2 EAR UL

%
population
consum-
ing flour

Mean
intake
of flour
(mg) SD

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Nonpregnant women
19 ≤ age < 31 69 26 800 2500 72.5 231.3 204.6 462.7 283.7 89.8 0.0 783.2 404.0 58.1 0.2
31 ≤ age < 51 171 50 800 2500 77.8 249.7 208.7 363.3 163.2 98.1 0.0 739.1 261.6 62.9 0.0
51 ≤ age < 71 30 10 1000 2000 83.3 312.6 253.9 418.9 220.3 98.0 0.0 872.5 326.4 67.2 0.2

Pregnant women
19 ≤ age < 31 172 53 800 2500 86.6 263.6 185.1 372.3 118.5 99.6 0.0 798.9 246.9 54.6 0.0
31 ≤ age < 51 123 38 800 2500 79.7 235.3 183.2 389.3 137.4 99.0 0.0 732.9 194.0 66.3 0.0

Note: Shown for each age group are the number of individuals included in the analysis, dietary reference values for calcium (EAR
and UL), percentage of individuals who consumed flour, mean flour intake taking into account all the individuals in the group and
SD, calcium intake, adequacy of calcium intake, and calcium intake after fortifying flour with 156 mg of calcium per 100 g of flour.
EAR, estimated average requirement; UL, the upper limit for calcium according to the dietary reference intakes of the Institute of
Medicine Food and Nutrition Board.

prevalence of low calcium intake ranged from62.3%
to 99.5% in children, and it was close to 100% in the
rest of the groups, and none of them had calcium
intake higher than 2% of the UL (Table 4).
The percentage of the population consuming

flour and the amount of flour intake was very low;
therefore, this strategy shows very little impact on
the reduction of low calcium intake (Table 4).
The original and after-simulation calcium intake

distributions are presented in Figure S4 (online
only).

Uganda
The mean and SD daily calcium intake ranged from
363.3 (SD = 163.2) to 462.7 (SD = 283.7) mg
in NPW and from 372.3 (SD = 118.5) to 389.3
(SD = 137.4) mg in PW. The prevalence of low cal-
cium intake was 90% or higher. None of the popu-
lation age groups had calcium intake exceeding the
recommended UL for calcium (Table 5). The mean
flour intake in adults ranged from 231.3 to 312.6 g
per day, and it was mainly cassava and maize flour.
After simulating the intake of flour fortified with

156 mg of calcium per 100 mg, the prevalence of
low calcium intake decreased from 89.8% to 58.1%
in the group of NPW aged 19 to less than 31 years,
from 98.1% to 62.9% in the group of NPW aged 31

to less than 51 years, from 98.0% to 67.2% in the
group of NPW aged 51 to less than 71 years, from
99.6% to 54.6% in PW aged 19 to less than 31 years,
and from 99.0% to 66.3% in PW 31 to less than
51 years (Table 5). None of the groups had more
than 0.2% of the individuals with calcium intake
exceeding the recommended UL for calcium.
The original and after-simulation calcium intake

distributions are presented in Figure S5 (online
only).

The United States
The mean and SD daily calcium intake ranged from
715.4 (SD= 319.8) to 952.3 (SD= 487.6)mg in chil-
dren, from731.7 (SD= 418.3) to 919.1 (SD= 547.9)
mg in girls and NPW, from 947.7 (SD = 507.5)
to 999.0 (SD = 542.3) mg in PW, and from 871.6
(SD = 553.8) to 1100.3 mg (SD = 698.9) mg in
boys andmen. The prevalence of low calcium intake
ranged from 3.1% to 28.9% in children, from 54.6%
to 78.6% in girls and NPW, from 40.5% to 42.8%
in PW, and from 42.7% to 67.1% in boys and men.
Children and women did not exceed the calcium
intake UL in more than 2.9%, whereas around 3.5–
5.8% of the individuals exceeded the UL in the
group of men older than 19 years (Table 6). The
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Table 6. Results of the simulation for the United States: hypothetical changes in usual (adjusted) calcium intake
after addition of 156 mg of calcium per 100 g of flour

Flour consumption Calcium intake

Calcium intake after
fortification with 156 mg in

100 g flour

Group
(age in years)

N
round
1

N
round
2 EAR UL

%
population
consum-
ing flour

Mean
flour
intake
(mg) SD

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Children
0.5 ≤ age < 1 126 99 270 1500 88.9 30.9 34.5 715.4 319.8 3.1 2.9 764.2 344.5 2.2 3.9
1 ≤ age < 4 564 457 400 2500 98.8 77.6 58.8 915.0 492.0 11.1 1.1 1036.1 530.2 7.1 1.8
4 ≤ age < 9 828 649 640 2500 98.4 119.4 70.0 952.3 487.6 28.9 0.7 1140.2 547.6 18.1 1.9

Nonpregnant women
9 ≤ age < 14 417 330 1100 3000 98.3 127.0 77.0 919.1 547.9 69.2 0.4 1118.5 623.9 55.7 1.0
14 ≤ age < 19 383 311 1100 3000 97.4 123.1 79.7 826.8 520.9 75.4 0.3 1018.0 598.6 62.7 0.8
19 ≤ age < 31 511 411 800 2500 96.9 115.1 82.7 825.9 501.5 56.3 0.9 1005.0 572.0 42.1 1.9
31 ≤ age < 51 854 717 800 2500 97.2 109.3 77.0 837.7 471.8 54.6 0.6 1008.2 546.1 41.0 1.7
51 ≤ age < 71 845 740 1000 2000 96.0 96.3 69.1 775.7 436.4 74.9 1.6 926.2 496.5 62.7 3.5
age ≥ 71 381 327 1000 2000 96.3 82.3 56.2 731.7 418.3 78.6 1.3 861.3 456.0 68.6 2.3

Pregnant women
19 ≤ age < 31 37 31 800 2500 97.3 151.0 106.2 999.0 542.3 40.5 1.2 1239.4 614.6 25.5 3.4
31 ≤ age < 51 26 20 800 2500 92.3 111.2 84.2 947.7 507.5 42.8 0.6 1123.3 590.4 31.8 1.8

Male
9 ≤ age < 14 412 340 1100 3000 98.6 146.1 84.8 1039.3 650.0 62.2 1.3 1268.0 721.4 48.0 2.6
14 ≤ age < 19 374 304 1100 3000 99.2 158.9 101.9 1100.3 698.9 58.1 1.8 1348.7 810.5 44.7 4.2
19 ≤ age < 31 497 385 800 2500 94.6 169.2 128.9 1067.7 719.6 42.9 4.7 1329.0 845.5 30.1 9.4
31 ≤ age < 51 792 643 800 2500 95.7 154.1 109.8 1042.1 658.1 42.7 3.5 1279.1 773.9 30.2 7.5
51 ≤ age < 71 824 694 800 2000 95.8 130.0 93.7 939.1 581.7 47.9 5.8 1141.3 672.5 34.7 10.2
age ≥ 71 372 333 1000 2000 97.6 108.0 78.9 871.6 553.8 67.1 3.9 1040.9 605.7 55.4 7.4

Note: Shown for each age group are the number of individuals included in the analysis, dietary reference values for calcium (EAR
and UL), percentage of individuals who consumed flour, mean flour intake taking into account all the individuals in the group and
SD, calcium intake, adequacy of calcium intake, and calcium intake after fortifying flour with 156 mg of calcium per 100 g of flour.
EAR, estimated average requirement; UL, the upper limit for calcium according to the dietary reference intakes of the Institute of
Medicine Food and Nutrition Board.

mean flour intake in adults ranged from 82.3 to
169.2 g per day, and it was mainly wheat.
After simulating the intake of flour fortified with

156 mg per 100 g, the prevalence of low calcium
intake decreased from 3.1% to 2.2% in children less
than 1 year, from 11.1% to 7.1% in children aged
1 to less than 4 years, and from 28.9% to 18.1% in
children aged 4 to less than 9 years. The prevalence
of low calcium intake was reduced from 69.2% to
55.7% in girls from 9 to less than 14 years and from
75.4% to 62.7% in girls from 14 to less than 19 years.
The prevalence of low calcium intake was

reduced to 42.1% in the group of NPW aged 19
to less than 31 years, 41.0% in the group of NPW

aged 31 to less than 51 years; 62.7% in the group
of NPW aged 51 to less than 71 years; 68.6% in the
group ofNPWaged over 71; 25.5% in PWaged 19 to
less than 31 years; and 31.8% in PW 31 to less than
51 years old (Table 6). None of the groups had more
than 3.9% of the individuals with calcium intakes
exceeding the UL.
The prevalence of low calcium intake was

reduced from 62.2% to around 48.0% in boys aged
9 to less than 14, from 58.1% to 44.7% in boys aged
14 to less than 19; from around 43% to around 30%
inmen aged 19 to less than 51; from 47.9% to 34.7%
in men aged 51 to less than 71; and from 67.1% to
55.4% in men aged over 71. In the group of men

68 Ann. N.Y. Acad. Sci. 1493 (2021) 59–74 © 2021 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences



Cormick et al. Simulation of calcium fortification of flour

Table 7. Results of the simulation for Zambia: hypothetical changes in usual (adjusted) calcium intake after addition
of 156 mg of calcium per 100 g of flour

Flour consumption Calcium intake

Calcium intake after
fortification with 156 mg

in 100 g flour

Group
(age in years)

N
round
1

N
round
2 EAR UL

%
population
consuming

flour

Mean
flour
intake
(mg) SD

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Mean
(mg) SD

<EAR
(%)

>UL
(%)

Children
1 ≤ age < 4 322 280 400 2500 99.7 156.5 73.0 202.6 70.8 98.7 0.0 452.9 141.5 38.6 0.0
4 ≤ age < 9 132 121 640 2500 99.2 194.1 77.2 220.2 64.0 100.0 0.0 516.3 129.4 85.0 0.0

Nonpregnant women
19 ≤ age < 31 73 65 800 2500 100.0 276.8 116.0 339.3 9.6 100.0 0.0 746.5 176.4 65.2 0.0
31 ≤ age < 51 72 61 800 2500 100.0 300.9 99.3 311.5 24.5 100.0 0.0 808.1 167.2 50.8 0.0

Pregnant women
19 ≤ age < 31 126 108 800 2500 100.0 302.2 106.9 322.2 114.4 99.8 0.0 788.5 199.0 56.8 0.0
31 ≤ age < 51 60 56 800 2500 98.3 295.4 118.4 317.4 85.6 100.0 0.0 777.6 222.7 57.2 0.0

Note: Shown for each age group are the number of individuals included in the analysis, dietary reference values for calcium (EAR
and UL), percentage of individuals who consumed flour, mean flour intake taking into account all the individuals in the group and
SD, calcium intake, adequacy of calcium intake, and calcium intake after fortifying flour with 156 mg of calcium per 100 g of flour.
EAR, estimated average requirement; UL, the upper level for calcium according to the dietary reference intakes of the Institute of
Medicine Food and Nutrition Board.

aged 19 to over 71, between 7.4% and 10.2% of them
exceeded the UL (Table 6).
The original and after-simulation calcium intake

distributions are presented in Figure S6 (online
only).

Zambia
The mean and SD daily calcium intake ranged from
202.6 (SD = 70.8) to 220.2 mg (SD = 64.0) in chil-
dren, from311.5 (SD= 24.5) to 339.3mg (SD= 9.6)
in NPW, and from 317.4 (SD = 85.6) to 322.2 mg
(SD = 114.4) in PW. The prevalence of low calcium
intakewas 98%or higher. All of the groups had 0.0%
of the individuals with calcium intakes exceeding
the recommended UL for calcium (Table 7). The
mean flour intake in adults ranged from 276.8 to
302.2 g per day, and it was mainly maize flour.
After the simulation, the intake of flour fortified

with 156 mg per 100 g, the prevalence of low cal-
cium intake decreased from 98.7% to 38.6% in chil-
dren 1 to less than 4 years; from 100.0% to 85% in
children 4 to less than 9 years; and from 100.0% to
between 50.8% and 65.2% in NPW and PW from
19 to less than 51 (Table 7). All of the groups had
0.0%of the individuals with calcium intakes exceed-
ing the UL.

The original and after-simulation calcium intake
distributions are presented in Figure S7 (online
only).
Finally, as an example, Figures 1 and 2 present

the distribution of mg of adjusted daily calcium
intake of NPW and PW aged between 31 and 50.9
years, respectively, for Argentina, Bangladesh, Italy,
the Lao PDR, Uganda, the United States, and Zam-
bia. Figures 3 and 4 present the distribution of mg
of daily calcium intake after simulating fortifica-
tion of flour with 156 mg of calcium per 100 g of
flour for the same groups. Figures 3 and 4 show that
after flour fortification, most of the populations in
HICs had calcium intakes between 800 (EAR) and
2500 (UL) mg of calcium a day, which are the lim-
its considered safe for calcium, whereas LMICs had
most of their populations under 800 mg of calcium
a day.

Discussion

This simulation exercise shows that calcium flour
fortification strategy with 156 mg of calcium per
100 g of flour could improve the calcium intake
in those populations where flour is consumed by
most of the population and that in this theoreti-
cal model, the impact of the fortification strategy
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Figure 1. Distribution ofmg of adjusted daily calcium intake of NPWaged between 31 and 50.9 years for Argentina, Bangladesh,
Italy, the Lao PDR, Uganda, the United States, and Zambia.

would vary according to the amount and distri-
bution of flour consumed by the population. The
simulation exercise shows that flour fortification
would decrease the proportion of individuals with
inadequate calcium intake in Argentina, Italy,
Uganda, and Zambia. On the other hand, accord-
ing to the model presented in this study, the strat-

egy would not be suitable for Bangladesh or the Lao
PDR, where the percentage of the population con-
suming flour is very low. For these countries, for-
tification strategies should probably focus on food
vehicles more frequently consumed by the target
populations. Similarly, this strategy would not be
appropriate for countries where calcium intake is

Figure 2. Distribution of mg of adjusted daily calcium intake of PW aged between 31 and 50.9 years for Argentina, Bangladesh,
Italy, the Lao PDR, Uganda, the United States, and Zambia.
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Figure 3. Distribution of mg of adjusted daily calcium intake of NPW aged between 31 and 50.9 years after simulating fortifica-
tion of flour with 156 mg of calcium per 100 g of flour for Argentina, Bangladesh, Italy, the Lao PDR, Uganda, the United States,
and Zambia.

only inadequate in some population groups and
where flour intake is high and widespread, such as
in the United States.
We selected the UK level of fortification (156 mg

of calcium per 100 g of flour) as it was the only
mandatory flour fortification example currently
available. This is just an exercise, and we reinforce
that the application of this strategy should be repli-
catedwith themost recent dietary intake data for the
aimed population. Furthermore, the technical feasi-
bility analysis of calcium fortification of other types
of flours and with other fortification levels besides
white flour should be performed, as well as stability
and organoleptic test of products prepared with for-
tified flours. Although only white flour is fortified
in the United Kingdom, we applied it to any type
of flour consumed. Also, there is a need to explore
other vehicles to accomplish the desired target in
countries like Bangladesh and the Lao PDR, where
flour is not commonly consumed.
The model and analysis presented here have

some limitations. This study is based on simu-
lation with theoretical assumptions. The analysis
was performed with available databases where adult
men information was very scarce, and thus, it was
impossible to evaluate the impact and risk in this

group in all countries. Also, the database from
Argentina was adjusted with external data as the
survey did not have repeated measurements. Fur-
thermore, some databases are old, and flour and
calcium intake could have changed in these pop-
ulations. Lastly, the fortification level was selected
according to the current UK wheat fortification,
and, therefore, there is a need to explore not only
the calcium fortification level needed but also how
this fortification level would affect the different
stages of flour fortification, including but not lim-
ited to, flour production, cost, interactions with
food matrix, products prepared from fortified flour
and with the whole diet, and acceptability and
access. Another limitation is that we used available
data on flour content of foods, a proper analysis
would require using the exact chemical composi-
tion of foods consumed in each of the countries
evaluated.
In this exercise, we selected the current manda-

tory calcium fortification level for white flour used
in the United Kingdom; however, we applied it to all
types of flour. This selection would probably over-
estimate the effect of the flour fortification strat-
egy; however, we selected this scenario to assess
the risk of calcium intake excess measured by the
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Figure 4. Distribution ofmg of adjusted daily calcium intake of PW aged between 31 and 50.9 years after simulating fortification
of flour with 156 mg of calcium per 100 g of flour for Argentina, Bangladesh, Italy, the Lao PDR, Uganda, the United States, and
Zambia.

percentage of people above the UL. Assessments of
the technical feasibility of adding this amount to
other flours besides white flour should be done.
The fortification level of 156 mg of calcium per

100 g of flourwould probably be too high for theUK
if all types of flour were under the mandatory flour
fortification regulations; however, it does not seem
to be high for the LMIC populations we include in
this exercise, as they all improve their diet and none
showed the risk of excess (over the UL).
Further analysis would require to explore the

distribution of each type of flour intake so as to
identify if there is a type of flour that would even-
tually have more impact on the most vulnerable
population and to explore the interactionwith other
fortification micronutrients already approved in
flour. Besides, the cost-effectiveness of this strategy
should be evaluated for each country; analysis in
the UK assessed that stopping mandatory calcium
fortification would increase social care costs by
£3.06 million per year and £22.39 million per year
in the National Health Service.29
There is limited information on the effect of cal-

cium fortification strategies on clinical outcomes.
Most of the evidence comes from calcium sup-
plementation trials, where there have been con-

cerns related to the effects of calcium supplements
on iron absorption. On the basis of short-term
studies reporting a reduction in iron absorption
of up to 55% depending on the dose, type of salt
used, time of supplementation, and the presence of
heme or nonheme iron in the food.37 However, evi-
dence from long-term calcium supplementation tri-
als shows no effect.10 Furthermore, following this
evidence, concomitant supplementation of iron and
folic acid and calcium has been recommended for
PW to improve supplementation adherence.38

Conclusion

In view of the benefits of adequate calcium intake
and the low intake of calcium in populations of
LMICs, strategies to increase calcium intake are
needed.While strategies to improve food habits and
access to health and nutritional facilities to obtain
calcium supplements are put in place, flour fortifi-
cation with calcium could be considered as a strat-
egy to contribute to increasing calcium intake at the
population level. On the basis of the magnitude of
calcium inadequacy and with more updated infor-
mation on calcium and flour intake, each country
should select a strategy or combination of strate-
gies that better suits its population’s needs. This
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study shows that in some LMICs, flour fortification
would, in theory, increase calcium intake without
putting the population at risk of excess of calcium
intake. However, in two LMICs, flour intake was
so low that the impact on calcium intake was neg-
ligible, and fortification of other widely consumed
foods should be considered. Results shown in this
study are limited to the countries selected, but it
can be hypothesized that similar results would be
obtained in other LMICs. The analysis performed in
this study is required in any country with the most
updated information before implementing a fortifi-
cation strategy.

Acknowledgments

We would like to thank Alicia Carriquiry for her
help in using IMAPP. We would also like to thank
Catherine Leclercq and Enrique Abeyá for their
help in obtaining the databases. Also, the Harvest-
Plus, International Food Policy Research Institute
(IFPRI); University of California, Davis; Inter-
national Centre for Diarrhoeal Disease Research
(ICDDR), Bangladesh, 2017; the 2007–2008 Har-
vestPlus Bangladesh Biofortified Rice Project
Food Intake Dataset (https://doi.org/10.7910/
DVN/HAZLJG). This research was funded by
the UNDP–UNFPA–UNICEF–WHO–Work Bank
Special Programme of Research Development
and Research Training in Human Reproduction
(HRP) at the WHO and the Bill & Melinda Gates
Foundation Grant number OPP1190821.

Author contributions

G.C. and A.P.B. were involved with conceptualiza-
tion. L.G. and G.C. performed formal analysis. I.R.
and S.P. carried out investigation. I.R., S.P., and
G.C. were involved with data curation. G.C. and J.B.
wrote the article. All authors wrote, reviewed, and
edited the article. All authors have read and agreed
to the published version of the article.

Supporting information

Additional supporting informationmay be found in
the online version of this article.

Figure S1.Argentina: distribution of calcium intake
pre- and post-flour fortification simulation.

Figure S2. Bangladesh: distribution of calcium int-
ake pre- and post-flour fortification simulation.

Figure S3. Italy: distribution of calcium intake pre-
and post-flour fortification simulation.

Figure S4. The Lao PDR: distribution of calcium
intake pre- and post-flour fortification simulation.

Figure S5. Uganda: distribution of calcium intake
pre- and post-flour fortification simulation.

Figure S6. The United States: distribution of cal-
cium intake pre- and post-flour fortification simu-
lation.

Figure S7. Zambia: distribution of calcium intake
pre- and post-flour fortification simulation.

Competing interests

The authors declare no competing interests.

References
1. Hofmeyr, G.J. & S. Manyame. 2014. Calcium supplemen-

tation commencing before or early in pregnancy, or food
fortification with calcium, for preventing hypertensive dis-
orders of pregnancy. Cochrane Database Syst. Rev. 2014.
https://doi.org/10.1002/14651858.CD011192.

2. Cormick, G., A. Ciapponi, M.L. Cafferata & J.M. Belizán.
2015. Calcium supplementation for prevention of pri-
mary hypertension. Cochrane Database Syst. Rev. 2015:
CD010037.

3. Bergel, E. & A.J.D. Barros. 2007. Effect of maternal calcium
intake during pregnancy on children’s blood pressure: a sys-
tematic review of the literature. BMC Pediatr. 7. https://doi.
org/10.1186/1471-2431-7-15.

4. Bergel, E. & J.M. Belizán. 2002. A deficientmaternal calcium
intake during pregnancy increases blood pressure of the off-
spring in adult rats. BJOG 109: 540–545.

5. Hofmeyr, G.J., A.P. Betrán, M. Singata-Madliki, et al. 2019.
Prepregnancy and early pregnancy calcium supplementa-
tion among women at high risk of pre-eclampsia: a multi-
centre, double-blind, randomised, placebo-controlled trial.
Lancet 393: 330–339.

6. Chen, C., S. Ge, S. Li, et al. 2017. The effects of dietary cal-
cium supplements alone or with vitamin D on cholesterol
metabolism. J. Cardiovasc. Nurs. 32: 496–506.

7. Weingarten, M.A., A. Zalmanovici & J. Yaphe. 2008. Dietary
calcium supplementation for preventing colorectal cancer
and adenomatous polyps. Cochrane Database Syst. Rev.
https://doi.org/10.1002/14651858.CD003548.pub4.

8. Zhang, N., S. Wilkinson, M. Riaz, et al. 2012. Calcium sup-
plementation and kidney stone risk in osteoporosis? A sys-
tematic literature review. Clin. Exp. Rheumatol. 30: 962–
971.

9. Imdad, A. & Z.A. Bhutta. 2012. Effects of calcium supple-
mentation during pregnancy on maternal, fetal and birth
outcomes. Paediatr. Perinat. Epidemiol. 26: 138–152.

10. Cormick, G. & J.M. Belizán. 2019. Calcium intake and
health. Nutrients 11. https://doi.org/10.3390/nu11071606.

73Ann. N.Y. Acad. Sci. 1493 (2021) 59–74 © 2021 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences

https://doi.org/10.7910/DVN/HAZLJG
https://doi.org/10.7910/DVN/HAZLJG
https://doi.org/10.1002/14651858.CD011192
https://doi.org/10.1186/1471-2431-7-15
https://doi.org/10.1186/1471-2431-7-15
https://doi.org/10.1002/14651858.CD003548.pub4
https://doi.org/10.3390/nu11071606


Simulation of calcium fortification of flour Cormick et al.

11. Balk, E.M., G.P. Adam, V.N. Langberg, et al. 2017. Global
dietary calcium intake among adults: a systematic review.
Osteoporos. Int. 28: 3315–3324.

12. Cormick, G., A.P. Betrán, I.B. Romero, et al. 2019. Global
inequities in dietary calcium intake during pregnancy: a sys-
tematic review and meta-analysis. BJOG 126: 444–456.

13. Kumssa, D.B., E.J.M. Joy, E.L. Ander, et al. 2015. Dietary
calcium and zinc deficiency risks are decreasing but
remain prevalent. Sci. Rep. 5. https://doi.org/10.1038/srep
10974.

14. Cormick, G., A.P. Betrán, F. Metz, et al. 2020. Regula-
tory and policy-related aspects of calcium fortification of
foods. implications for implementing national strategies of
calcium fortification. Nutrients 12. https://doi.org/10.3390/
nu12041022.

15. Tanumihardjo, S.A. 2018. Nutrient-wise review of evidence
and safety of fortification. In Food Fortification in a Global-
ized World. 247–253. Academic Press.

16. Palacios, C., G. Cormick, G.J. Hofmeyr, et al. 2021. Calcium-
fortified foods in public health programs: considerations for
implementation. Ann. N.Y. Acad. Sci. 1485: 3–21.

17. Palacios, C., G.J. Hofmeyr, G. Cormick, et al. 2021. Current
calcium fortification experiences: a review. Ann. N.Y. Acad.
Sci. 1484: 55–73.

18. Allen, L., B. Benoist de, O. Dary & R. Hurrell. 2020. Guide-
lines on Food Fortification with Micronutrients. WHO.

19. Iowa State University of Science and Technology Soft-
ware for Intake Distribution Estimation. Intake monitor-
ing, assessment and planning program (IMAPP). Accessed
December 1, 2020. http://www.side.stat.iastate.edu.

20. Morimoto, J.M., D.M.L. Marchioni, C.L.G. Cesar & R.M.
Fisberg. 2011. Within-person variance for adjusting nutri-
ent distribution in epidemiological studies. Rev. Saude Pub-
lica 45: 621–625.

21. Cormick, G., L. Gibbons & J.M. Belizán. 2020. Impact of
water fortification with calcium on calcium intake in differ-
ent countries: a simulation study. Public Health Nutr. 3: 1–
14.

22. WHO. 2008. Recommendations on wheat and maize flour
fortification meeting report: interim consensus statement.
WHO.

23. De-Regil, L.M., J.L. Finkelstein, I. Sæterdal, et al. 2016.
Fortification of wheat and maize flour with folic acid for
population health outcomes. Cochrane Database Syst. Rev.
https://doi.org/10.1002/14651858.CD012150.

24. Shah, D., H.S. Sachdev, T. Gera, et al. 2016. Fortifica-
tion of staple foods with zinc for improving zinc sta-
tus and other health outcomes in the general popula-
tion. Cochrane Database Syst. Rev. https://doi.org/10.1002/
14651858.CD010697.pub2.

25. Scientific Advisory Committee on Nutrition. 2012. Nutri-
tional implications of repealing the UK bread and flour reg-

ulations. Accessed April 1, 2020. https://assets.publishing.
service.gov.uk/government/uploads/system/uploads/
attachment_data/file/221137/sacn-uk-bread-flour-
regulations-position-statement.pdf.

26. Leclercq, C., P. Allemand, A. Balcerzak, et al. 2019.
FAO/WHO GIFT (Global Individual Food consumption
data Tool): a global repository for harmonised individual
quantitative food consumption studies. Proc. Nutr. Soc. 78:
484–495.

27. Ministerio de Salud de la Nación. 2007. Encuesta Nacional
de Nutrición y Salud. Accessed December 1, 2020.
http://www.extensioncbc.com.ar/wp-content/uploads/
ENNyS-2007.pdf.

28. National Health and Nutrition Examination Survey.
Accessed December 1, 2020. https://www.cdc.gov/nchs/
nhanes/index.htm.

29. Government of UK. 1998. The Bread and Flour Reg-
ulations 1998. http://www.nabim.org.uk/bread-and-flour-
regulations.

30. Institute of Medicine (IOM). 2000. DRI dietary reference
intakes: applications in dietary assessment.

31. Stray-Pedersen, M., R.M. Helsing, L. Gibbons, et al. 2009.
Weight status and hypertension among adolescent girls in
Argentina and Norway: data from the ENNyS and HUNT
studies. BMC Public Health 9. https://doi.org/10.1186/1471-
2458-9-398.

32. Institute of Medicine. 2011. Food and Nutrition Board.
Dietary reference intakes: recommended dietary allowances
and adequate intakes of vitamins and elements. National
Academy of Press.

33. Sette, S., C. Le Donne, R. Piccinelli, et al. 2011. The third
Italian National Food Consumption Survey, INRAN-SCAI
2005–06 – Part 1: nutrient intakes in Italy.Nutr. Metab. Car-
diovasc. Dis. 21: 922–932.

34. National Center for Health Statistics. 2016. NHANES —
National Health andNutrition Examination Survey. Centers
for Disease Control and Prevention.

35. Cormick, G., A.P. Betrán, J. Harbron, et al. 2018. Are women
with history of pre-eclampsia starting a new pregnancy in
goodnutritional status in SouthAfrica andZimbabwe?BMC
Pregnancy Childbirth 18: 236.

36. Standing Committee on the Scientific Evaluation of Dietary
Reference Intakes, Food and Nutrition Board Institute of
Medicine. 1997.Dietary Reference Intakes for Calcium, Phos-
phorus, Magnesium, Vitamin D, and Fluoride.

37. Cook, J.D., S.A. Dassenko & P. Whittaker. 1991. Calcium
supplementation: effect on iron absorption. Am. J. Clin.
Nutr. 53: 106–111.

38. Omotayo, M.O., K.L. Dickin, K.O. O’Brien, et al. 2016. Cal-
cium supplementation to prevent preeclampsia: translating
guidelines into practice in low-income countries. Adv. Nutr.
7: 275–278.

74 Ann. N.Y. Acad. Sci. 1493 (2021) 59–74 © 2021 The Authors. Annals of the New York Academy of Sciences
published by Wiley Periodicals LLC on behalf of New York Academy of Sciences

https://doi.org/10.1038/srep10974
https://doi.org/10.1038/srep10974
https://doi.org/10.3390/nu12041022
https://doi.org/10.3390/nu12041022
http://www.side.stat.iastate.edu
https://doi.org/10.1002/14651858.CD012150
https://doi.org/10.1002/14651858.CD010697.pub2
https://doi.org/10.1002/14651858.CD010697.pub2
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/221137/sacn-uk-bread-flour-regulations-position-statement.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/221137/sacn-uk-bread-flour-regulations-position-statement.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/221137/sacn-uk-bread-flour-regulations-position-statement.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/221137/sacn-uk-bread-flour-regulations-position-statement.pdf
http://www.extensioncbc.com.ar/wp-content/uploads/ENNyS-2007.pdf
http://www.extensioncbc.com.ar/wp-content/uploads/ENNyS-2007.pdf
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
http://www.nabim.org.uk/bread-and-flour-regulations
http://www.nabim.org.uk/bread-and-flour-regulations
https://doi.org/10.1186/1471-2458-9-398
https://doi.org/10.1186/1471-2458-9-398

