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a b s t r a c t

Objective: The aim of this study was to determine the effect of combined calcium and iron versus
single iron supplementation on iron status in Bolivian schoolchildren.
Methods: Children ages 6 to 10 y old (N ¼ 195), were randomly assigned to receive either 700 mg Ca
(as calcium carbonate) plus 30 mg Fe (as ferrous sulfate) (Ca þ Fe group) or 30 mg Fe (as ferrous
sulfate) (Fe group). The doses were administered daily, from Monday to Friday, between meals at
school over 3 mo. Iron status was assessed at baseline and after intervention. Additionally, overall
nutritional status was assessed by anthropometry and an estimation of dietary intake.
Results: At baseline, the prevalence of anemia in the Ca þ Fe group and the Fe group were 15% and
21.5%, respectively. After 3 mo follow-up, the prevalence of iron deficiency anemia dropped
significantly (P < 0.001) to 3% in both groups (c2 ¼ NS). Iron dietary intake was within recom-
mended levels, but calcium intake only covered 39% of the Recommended Daily Intake.
Conclusion: Combined calcium and iron supplementation is equally as effective as single iron
supplementation in reducing the prevalence of iron deficiency anemia in Bolivian school children.

� 2014 Elsevier Inc. All rights reserved.

Introduction

Iron (Fe) is an essential mineral for humans, involved in many
biological processes. Fe is needed for oxygen transport, storage,
and erythropoiesis; being involved in cell division and the syn-
thesis of hemoglobin (Hb) [1]. This micronutrient is also essential
for the proper functioning of many enzymes. Iron deficiency is
probably themost common nutritional deficiency disorder in the
world especially in developing countries and is the most com-
mon cause of anemia worldwide [2].

The World Health Organization (WHO) estimates that about
39% of children age <5 y, 48% of children ages 5 to 14 y, 42% of
all women, and 52% of pregnant women in developing coun-
tries have iron deficiency anemia (IDA) [3]. The etiology of IDA is
multifaceted and often several factors are at play in the

individual with anemia. Additionally, the condition is inher-
ently associated with poverty and is therefore particularly
prevalent in the developing world where the problem is often
exacerbated by limited access to appropriate health care and
treatment options [3].

It has been reported that other nutrients can interact with
Fe thus altering Fe absorption and their nutritional status.
Calcium (Ca) is the only micronutrient in the diet that may
inhibit both heme and non-heme Fe absorption. Some studies
have shown that the acute intake of Ca interferes with the
absorption of Fe and that this effect is dose-dependent. These
studies, however, do not isolate the effect of Ca from other
dietary components [4–7]. A recent study demonstrated that
doses up to 800 mg of calcium as Ca chloride do not affect the
absorption of a dose of 5 mg Fe as ferrous sulfate on an empty
stomach [8]. This latter finding has prompted us to test the
effect of Ca and Fe on the iron status of Bolivian schoolchildren,
allowing us to assess the feasibility of using this mixture of
minerals in supplementation programs. We hypothesized that
the combined supplementation of Ca and Fe has the same ef-
fect as Fe supplementation alone on the Fe status of Bolivian
schoolchildren.
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Materials and methods

Study design

An experimental, double-blind, randomized controlled trial was performed.
Participants were randomized into two groups: The first group was given 700mg
Ca as calcium carbonate and 30 mg Fe as ferrous sulfate (Ca þ Fe group), and the
second group received 30 mg single Fe as ferrous sulfate (Fe group). Medical
personnel administered the supplements as a chewable tablet of similar
appearance at the time of school entry. Supplementation lasted 3 mo, with
children receiving the compounds daily fromMonday to Friday. The Fe dose of 30
mg/d was chosen as recommended by the WHO/Food and Agriculture Organi-
zation (FAO) for supplementation programs in children ages 6 to 10 y [9]. The
dose of 700 mg Ca/d was also chosen as recommended by the WHO/FAO for
supplementation in schoolchildren [10].

Sample size calculation

A sample size of 88 children per group was calculated assuming an alpha
error of 5%, a power of 80%, and a difference in the prevalence of anemia of 15% at
the end of the study. The sample size was increased by 10% to allow for losses,
calculating 194 children in all.

Participants

Between August and December 2010, 195 schoolchildren (6–10 y) of both
sexes were selected. They were apparently healthy and were students from a
public school (social class was measured with a standardized and validated
survey focused on acquisitions and salary) in the city of Sucre, Bolivia. Exclusion
criteria were the presence of severe IDA (hemoglobin [Hb] <83 g/L corrected by
altitude at 2790 m.a.s.l.), intake of vitamin or mineral supplements in the past
6 mo and any gastrointestinal disorders that could interfere with Fe absorption.

Ethics

Written, informed consent was obtained from all the volunteers before the
studies began. Participation was voluntary, no remuneration was provided, and
all childrenwere free to withdraw at any stage of the study. Parents or guardians
received detailed information about the study and those who agreed to partici-
pate, also signed an informed consent. The protocol was approved by the Ethics
Committee of the Institute of Nutrition and Food Technology, University of Chile,
before its execution, which was conducted in accordance with the Helsinki
Declaration. Moreover, the study was approved by health and education au-
thorities from Sucre, Bolivia.

Biochemical and hematologic determinations

A fasting venous blood sample was obtained at baseline and at the end of the
study between 0700 and 0800 after an overnight of 8 to 10 h to measure Hb,
serum ferritin (SF), and C-reactive protein (CRP). In the laboratory of Biochem-
istry at the University of San Francisco Xavier de Chuquisaca, Sucre-Bolivia, Hb
was determined by electronic cell counter (Horiba ABXMicros 60) and serumwas
separated and frozen at �22 �C. In the laboratory of micronutrients at INTA,
University of Chile, Santiago, SF was measured by enzyme-linked immunosor-
bent assay (ELISA) [11]. CRP was determined by turbidimetry (Orion Diagnostica,
Espoo, Finland). The upper normal cutoff value of 5 mg/L was used to indicate the
presence of inflammation or infection [12,13]. IDA was defined by Hb <134 g/L
using a cutoff adjusted for age and corrected for altitude [14]. Iron depleted stores
(IDS) were defined as normal with normal Hb and SF <30 mg/L [15].

Anthropometric measurements and nutritional status assessment

Weight and height were measured in accordance with the anthropometric
indicators measurement guide, food and nutrition technical assistance project,
and the U.S. Academy for Educational Development [16]. Weight was measured
using a Camry digital scale with a maximum capacity of 120 kg and 10 g accuracy.
Height was measured with a portable stadiometer fixed to the wall (Seca-206),
with a capacity of 220 cm and 0.1 cm accuracy. The assessment of nutritional
status Z scores was calculated according to the 2007 WHO growth standards for
children ages 5 to 19 y [17]. Stunting and underweight were defined as a Z score<
�2 SD for height/age and weight/age, respectively [18]. The body mass index
(BMI) for age was also calculated and ranked to determine nutritional status in
four intervals: Severe thinness, <�3 SD; thinness, <�2 SD; overweight, >þ1 SD
(equivalent to BMI 25 kg/m2 at 19 y); obesity: >þ2 SD (equivalent to BMI 30 kg/
m2 at 19 y).

Dietary intake estimation

Two 24-h dietary recalls at baseline (one for weekdays and another for
weekends) were obtained from the parents or guardians of each child using vi-
sual models of foods [19]. Calorie and nutrient intake were calculated using the
Excel program and according to the database of the Chilean food composition
database; a dietary database that includes food composition information from
national, regional, and international databases, such as those developed by the
U.S. Department of Agriculture [20].

Statistical analysis

Because SF concentrations had a skewed distribution, these values were log-
transformed before calculating means, SD, or performing statistical analyses [21].
SF is an acute-phase protein that increases with inflammation and infection. In
this sense, one approachwidely used to reduce the effect of inflammation on SF is
to exclude individuals with inflammation on the statistical analysis. However,
this approach can significantly reduce the sample size, especially in developing
countries where many asymptomatic individuals present with chronic inflam-
mation leading to biased results [22,23]. For this reason, and in an attempt to
adjust the high prevalence of inflammation observed before (96.6% Fe group and
94.4% Ca þ Fe group) and after supplementation (100% Fe group and 96.5% Ca þ
Fe group) we did not exclude children with elevated CRP (>5 mg/L) [12,13],
increasing the cut point for SF to 30 mg/L [2,15].

Sixteen children who had no data in the second measurement because of
parental refusal to obtain a second blood sample, were dropped from the anal-
ysis. No children were removed due to severe IDA. Continuous variables that
showed Gaussian distribution were presented as means and SD and were
compared through Student’s t tests. In addition, the c2 test was used to evaluate
differences between proportions (comparison of prevalence of anemia and Fe
status). The effect of Ca supplementation on Fe status biomarkers before and after
supplementation was determined by two-way repeated-measures analysis of
variance, considering Ca (700 mg) and time as variables. P-value < 0.05 was
considered significant.

The software package Statistica for Windows 6.0 (StatSoft Inc., Tulsa, OK,
USA) was used for statistical analysis and the program R Studio (R-Tools Tech-
nology Inc. Richmond Hill, Ontario, Canada) for plotting figures.

Results

The protocol was completed for 179 schoolchildren; 89 in the
Fe group and 90 in the Caþ Fe group. The mean agewas 8.3� 1.3
y (range 6–10 y). There were no significant differences on de-
mographic and socioeconomic indicators between the two
groups (Table 1). It was also noted that the study population had
a high level of poverty, with most of them receiving the mini-
mum salary and insufficient resources to cover their basic needs
(data not shown).

Before supplementation, it was observed that most children
had weights and heights below the normal growth curve. There
was no significant difference in the percentage of malnourished
children in accordance with Z score for weight/age (<2 z) neither
in the indicator of height/age before supplementation (c2 ¼ NS)
(data not shown).

Table 1
Anthropometric and dietary characteristics of school children at baseline

Fe group Ca þ Fe group P-value*

N 89 90
Age (y)y 8.2 � 1.4 8.4 � 1.3
Girls (%) 42.7 45.6
z Weight/age �0.8 � 0.9 �0.9 � 0.9 0.386
z Height/age �1.3 � 0.9 �1.3 � 0.8 0.528
z BMI/age 0.0 � 1.0 �0.1 � 0.9 0.570
Dietary Fe (mg)z 11.8 � 3.5 12.2 � 4.1 0.534
Dietary Ca (mg) 366.0 � 130.5 369.1 � 118.7 0.871

BMI, body mass index; Ca, calcium, Fe, iron
* Significant P value for Student’s t test <0.05.
y Mean and SD.
z Reference Nutrient Intake 5% bioavailability,15.2 mg.
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