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ARTICLE INFO ABSTRACT
Article history: Background: The prevalence of obesity has increased at an alarming rate worldwide. Some studies have
Received 10 January 2014 observed an association between iron (Fe) deficiency (ID) and obesity, however more research is needed.
Accepted 26 March 2014 Objective: To assess whether body mass index (BMI) is associated with both Fe absorption and Fe status.
Methods: A cross sectional sample of 318 Chilean childbearing age women was studied. The women
giye"s‘{zrd&' received either a single dose of 0.5 mg of Fe (n=137, group 1) or 3 mg of Fe plus ascorbic acid (1:2 molar
1ty

ratio) (n=181, group 2), both as FeSO,4 with labeled radioisotopes. Fe absorption was assessed through
radio Fe erythrocyte incorporation. Fe status was determined by hemoglobin (Hb), mean corpuscular
volume, serum Fe, total iron binding capacity, transferrin saturation, erythrocyte Zn protoporphyrin and
serum ferritin (SF).

Results: 29%, 47% and 24% of the women were classified as normal, overweight or obese, respectively. Fe
absorption was significantly lower in obese women (p <0.05). In group 1, the geometric mean and range
+1 SD of the percentage of Fe absorption for normal-weight women was 32.9% vs. 19.7% in obese. For
group 2, this percentage was 36% vs. 30%, respectively (2-way ANOVA: BMI classification and Fe dose
p<0.05; interaction p=0.34). Although Fe absorption was lower in obese women, they had higher SF
(p<0.01) and Hb (p <0.05) concentrations.

Conclusion: Although we did not observe a relationship between BMI and Fe status, obese women dis-
played lower Fe absorption compared with overweight and normal weight women, possibly due to
subclinical inflammation associated with obesity.
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Introduction

The nutritional status of populations in countries undergoing
economic transition is changing rapidly due to diet and lifestyle
changes [1-3]. These populations display a high prevalence of
chronic disease associated with obesity, such as cardiovascular dis-
ease, type 2 diabetes and cancer. These populations continue to
have high rates of micronutrient deficiencies, such as iron defi-
ciency (ID)[4]. Both obesity and ID are independently major disease
burdens [5,8]. Obesity is currently considered a global pandemic,
while ID continues to be the most prevalent single micronutrient
deficiency in the world [6-8]. A connection between obesity and
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ID was first reported in obese adolescents, who apparently had
lower serum Fe concentrations compared to non-obese adolescents
[9,10]. Other studies have described an association between ID and
obesity in children and adults [11-13]. The proposed mechanisms
that explain this relationship include diminished Fe absorption and
decreased Fe mobilization from stores due to inflammation, as well
as increased Fe requirements due to high blood volume [14]. Evi-
dence shows elevated inflammatory biomarkers, such as C-reactive
protein (CRP), in obese subjects when compared to non-obese sub-
jects and the detrimental effect that pro-inflammatory molecules
have on Fe status [15]. To our knowledge, only one study to date has
reported an inverse relationship between body mass index (BMI)
and Fe absorption, independent of Fe status in childbearing age
women [16].

Chileis a country in the advanced stages of nutritional transition.
Under-nutrition has virtually disappeared, however, obesity rates
and risk factors for chronic diseases are rising. Although anemia
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is not a public health problem in childbearing age women [17], ID
is still highly prevalent. Thus, the objective of the present study is
to determine the association between BMI and both Fe absorption
and Fe status in Chilean childbearing age women.

Subjects and methods
Design

A cross-sectional study was designed using data from 318
women who participated in previously published [18-27] and non-
published Fe absorption studies, between 1997 and 2007 at the
Institute of Nutrition and Food Technology (INTA), University of
Chile. None of the women were pregnant, confirmed by a negative
urine test for human chorionic gonadotropin. All of the women
were using a birth control method (e.g., intrauterine device, oral
contraceptive, or tube ligation) at the time of the study, were in
apparent good health, and none had consumed vitamin or mineral
supplements in the 6 months prior to the studies.

BMI classification

Weights and heights were obtained using standardized
procedures [18-27]. Body mass index was calculated from
bodyweight/height2, as defined by the World Health Organiza-
tion (WHO) [28]. Women were classified as normal (BMI >18.5
to <25 kg/m?), overweight (BMI >25 kg/m? to <30 kg/m?) or obese
(BMI >30kg/m?), according to WHO criteria [28].

Iron absorption

The participants received, after an overnight fast, either a single
dose of 0.5 mg of Fe (group 1; n=137) or 3 mg of Fe plus ascorbic
acid (1:2 molar ratio) (group 2; n=181) as ferrous sulfate (FeSOy4)
labeled with either >°Fe (37kBq) or °>Fe (111 kBq), radioisotopes of
high specific activity (NEN, Life Science Products, Boston, MA, USA).
In addition, venous blood samples were drawn to assess hemato-
logical parameters and to measure circulating radioactivity. Blood
radioactivity was estimated according to the method described by
Eakins and Brown [29]. The percentages of Fe absorption were
calculated on the basis of blood volume estimated by height and
weight [30], assuming 80% incorporation of the radioisotope into
erythrocytes [31].

Iron status and hematological parameters

Hemoglobin (Hb), mean cell volume (MCV) (CELL-DYN 1700,
ABBOTT Diagnostics, Abbott Park, IL CEll Dyn), serum Fe, total iron
binding capacity (TIBC), transferrin saturation (Sat) [32], erythro-
cyte Zn protoporphyrin (Zpp) measured by hematofluorometry
(hematofluorometer Model 206D, AVIV Biomedical Inc, Lakewood,

Table 1
Characteristics of women (mean 4 SD).

NJ), and serum ferritin (SF) were assessed by an enzyme immune
assay of double sandwich (INACG) [33].

Anemia was defined as Hb <12 g/dL and iron deficiency anemia
(IDA) was defined as Hb concentrations <12 g/dL with at least two
of the following abnormal indicators of Fe status: Sat <15%, MCV
<80 fL, SF <12 wg/L and Zpp >70 pg/dL red blood cells (RBC) [34]. ID
without anemia was defined as Hb concentrations >12 g/dL with at
least two abnormal indicators of Fe status. Depleted Fe stores were
defined as SF <12 pg/L. Fe status was considered to be normal when
all of these laboratory indexes were within the reference ranges.

Ethical approval

All studies were performed in accordance with the Helsinki
Declaration, and were approved by the Ethics Committee at INTA,
University of Chile, before their execution. The doses of radioiso-
topes used were approved by the Chilean Commission on Nuclear
Energy.

Statistical analysis

Normally distributed variables were described by means and
standard deviations (SD). Distributions of SF and Zpp concentra-
tions were skewed, therefore the values were log-transformed and
the results were then retransformed into antilogarithms to recover
the original units. SF results are expressed as geometric means and
range +1 SD.

The differences between dose groups, classifications of normal,
overweight or obese, were assessed by two-way ANOVA with a post
hoc Scheffé test. The relationship between Fe absorption, SF and
BMI was calculated with a Pearson correlation coefficient. SF was
expressed as a natural logarithm.

The statistical significance level was set at p <0.05. All statisti-
cal analyses were performed with STATA, version 10.0 (StataCorp,
College Station, TX, USA).

Results

The general characteristics of the women are shown in Table 1.
The mean age of all the women (n=318) was 40+ 5y. There was a
statistically significant difference in the age of the women between
the groups with different doses of Fe. Of all the women, twenty-nine
percent were classified as having normal weight, 47% as overweight
and 24% as obese. The mean BMIs were 23 + 1 kg/m?2, 27 + 1 kg/m?
and 33 + 3 kg/m?2, respectively.

Out of all the women, the prevalence of IDA, ID without ane-
mia, Fe depleted stores, and normal Fe status was 7%, 9%, 18% and
66%, respectively. There were no significant differences in Fe status
within each category of BMI classification.

The percentage of Fe absorption was significantly lower in obese
women compared to normal-weight (p<0.02) and overweight
women (p <0.005) (Table 2).

Iron dose (0.5 mg)

Iron dose (3 mg)?

n Normal (n=45) Overweight (n=75) Obese (n=17) n Normal (n=47) Overweight (n=74) Obese (n=60)
Age® (y) 135 37.6 £ 44 39.7 £ 43 389 +43 181 40.7 £ 5.1 40.2 + 4.9 40.6 £ 5
Weight (kg) 137 571 +54 66.3 +£ 7.0 76.7 £ 5.8 181 555+ 5.8 67.0 +£ 6.4 81.1 + 10.6
Height (m) 137 1.57 + 0.05 1.56 + 0.06 1.55 + 0.05 181 1.56 + 0.07 1.57 + 0.06 1.55 + 0.06
BMI¢ (kg/m?) 137 231+1.2 272+ 14 318+ 1.3 181 228 +£1.8 273+ 14 33.8+ 4.0

2-way ANOVA for repeated measures.
2 2:1 molar ratio ascorbic acid to iron.
b There were significant differences between Fe doses groups (p <0.05).

¢ There were significant differences between Fe doses (p <0.05) and nutritional status; Sheffé post hoc test: normal vs. overweight, normal vs. obese and overweight vs.

obese (p<0.0001).



Table 2

Iron absorption according to nutritional status and iron dose.

pb

Iron dose (3 mg)?

Iron dose (0.5 mg)
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Interaction
0.336

Iron dose
0.037

Obese (n=60) Nutritional status
0.010

=74)

Overweight (n

47)

36.0(15.5-83.3)

Normal (n

17)

Obese (n=

=75)

Overweight (n

45)

32.9(15.9-68.2)

Normal (n

33.0(15.9-68.6) 19.7 (8.4-463) 181 35.9(18.0-71.8) 30.1(14.5-62.5)

137

Iron absorption (%)°

Scheffé post hoc test: normal vs. obese (p <0.02), overweight vs. obese (p <0.005) and normal vs. overweight (p <0.02).

3 2:1 molar ratio ascorbic acid to iron.

b 2_-way ANOVA.

¢ Geometric mean (range &1 SD)

8 - R2=0.29
P <0.0001

Ln Serum Femitin

0 T
0 1 2 3 4 5

Ln iron absorption (%)

Fig. 1. Relationship between the natural logarithm of iron absorption and the nat-
ural logarithm of serum ferritin.

BMI was inversely correlated with the natural logarithm of Fe
absorption (r=-0.148, p<0.01). Also, the natural logarithm of SF
was inversely correlated with the natural logarithm of Fe absorp-
tion (r=-0.54, p<0.0001) (Fig. 1).

As expected, the women who received 3 mg Fe plus ascorbic acid
(1:2 molar ratio) had higher Fe absorption compared to the women
who received 0.5 mg of Fe without ascorbic acid (p <0.05)

Hematological parameters and Fe status biomarkers are shown
in Table 3. Hb (p<0.02) and SF (p <0.001) concentrations were sig-
nificantly higher in obese subjects compared with those classified
as having normal BML.

Discussion

Obesity and Fe deficiency are major global health concerns
worldwide [28,33]. Obesity is usually associated with over-
nutrition and Fe deficiency with under-nutrition. Although the
conditions represent opposite ends in the spectrum of malnutri-
tion, they appear to be linked [35]. An inverse association between
Fe status and adiposity has been described in several populations
since 1962 [10]. Consistently, we found that women with obesity
absorb less Fe than overweight women or women with normal
BMIs, showing an inverse correlation between BMI and Fe absorp-
tion. Similar results were reported by Zimmerman et al., showing
that higher BMIs are associated with lower fractional Fe absorption
in childbearing age women, independent of Fe status [16].

Although obese women displayed a lower percentage of Fe
absorption, apparently this did not affect their Fe status. A possible
explanation for this is the intake of bread, made with Fe fortified
flour (30 mg Fe/kg), in Chilean women. It has been reported that the
average daily intake of Fe fortified bread is 239¢g [36]. This inter-
vention may contribute to adequate Fe supply for erythropoiesis.

In the present study, the concentrations of SF and Hb were sig-
nificantly higher in obese women than in women with normal BMIs.
Also, SF showed an inverse correlation with Fe absorption.

With respect to SF, this relationship is likely mediated by
inflammation. Several studies conducted in obese children and
adults have shown increased levels of pro-inflammatory molecules,
such as CRP, IL-6 and hepcidin, compared to normal weight sub-
jects [12,13,15,37-39]. Increased hepcidin levels may decrease Fe
absorption through the reduction of the expression of DMT-1 and
the release of Fe through sequestration of ferroportin [40,41]. Thus,
the pro-inflammatory state present in most of the obese can impair
Fe status by decreasing Fe bioavailability and affecting Fe sta-
tus biomarkers. Although it has been postulated that obesity and
overweight may be associated with poor dietary Fe intake, stud-
ies that have estimated dietary Fe intake in Chilean childbearing
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Table 3

Iron status biomarkers.

P>

Iron dose (3 mg)?

Iron dose (0.5 mg)

Interaction

0.852

Iron dose
0.901

Nutritional status
0.035¢
0.281

Obese (n=60)

=74)

=47) Overweight (n
13.7+14
87+5
87+36

Normal (n

n

17)

Obese (n=

=75)

=45) Overweight (n
13.6+1.3
88+6
81+36

Normal (n

139+1.0
86+4

134+1.6

87+83
87+32

181

14.0+1.3
86+9

133+1.2
89+7
80+37

137
137
1
1

Hb (g/dL)
MCV (fL)

0.600
0.925

0.455

137
156

0.084
0.607

0.978

88+30

77 +£27

36
36

Fe (ug/dL)
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0416

0.861

342 +61

330+61

339465

156

181

335+111
24.4+8.6

339+63

325457

TIBC (ug/dL)

Sat (%)

0.980

0.093
0.006

0.963

27.2+10.3

2744118
69 (48-99)
25 (11-55)

27.4+11.8

248+11.7
61 (43-86)
23 (10-53)

253+13.1

136
137

0.578

0.528

73 (53-100)
28 (11-74)

72 (46-116)
17 (7-44)

137
1

54 (40-74)

58 (38-88)
23 (11-49)

Zpp (pg/dL RBC)

SF (pg/L)*
Abbreviations: hemoglobin (Hb), mean cell volume (MCV), serum iron (Fe), total iron binding capacity (TIBC), zinc protoporhyrin (Zpp), serum ferritin (SF).

0.254

0.217

0.009¢

80

35 (17-72)

136

3 2:1 molar ratio ascorbic acid to iron.

b 2-way ANOVA.

¢ Geometric mean (range +1SD).

d Scheffé post hoc test: normal vs. overweight, p<0.02.
¢ Scheffé post hoc test: normal vs. obese, p<0.001.

age women have not shown lower intake of this mineral in obese
women compared to those with normal BMIs [42]. A sub sam-
ple of 44 women included in this study showed a mean Fe intake
of 15.2 £4.3 mg/day, 16.1 £5.1 mg/day and 15.1 + 5.6 mg/day for
normal, overweight and obese women, respectively. No significant
differences in Fe intake were found by comparing BMIs [24]. Simi-
lar results were reported by Cepeda et al. in Mexican women, who
did not show differences in Fe intake by BMI classification [43].

Regarding Hb, in 1981 Scheer et al. evaluated whether Hb cri-
teria should be adjusted for obesity. They concluded that further
adjustment for obesity appears unwarranted and would compli-
cate efforts to optimize the screening for anemia [14]. It has been
reported that higher Hb levels in obese adults could be explained
by comorbidities commonly present in the obese, such as chronic
tissue hypoxia, obstructive sleep apnea and other obesity-related
respiratory conditions, which may lead to polycythaemia [12].

The strengths of this study include a large sample size and the
use of a well-known technique to measure Fe absorption. There
are also some limitations to this study. Inflammation status was
not assessed in these women. As mentioned before, it has been
reported that inflammation also influences Fe status biomarkers
[37,44-46]. Moreover, SF is a recognized acute phase protein (APP)
and for that reason, the Center for Disease Control and Prevention
(CDC) [34] recommends determining Fe status considering at least
one APP; such as CRP or high sensitivity CRP, to adjust for the effect
of inflammation on Fe status biomarkers. We cannot rule out the
effect of inflammation on the determination of Fe status. Finally,
we did not estimate dietary intake, which limits our analysis of the
contribution of diet to overweight, obesity, Fe absorption and Fe
status.

More robust designs are needed to assess the cause-effect
between Fe absorption and obesity, and vice versa. Ideally, these
studies should be done in groups vulnerable to ID, specifically
children and childbearing age women. The inclusion of other Fe
biomarkers, such as a soluble transferrin receptor, would allow for
the amount of Fe in the body to be estimated from the ratio of SF
receptors to SF, using the equation developed by Cook et al. [47].
Similar studies should incorporate superior methods for determin-
ing adiposity; such as fat tissue percentage through bio-impedance,
DEXA, deuterium isotopes, etc.

Conclusion

Although we did not observe a relationship between BMI and Fe
status, obese women displayed lower Fe absorption compared to
overweight and normal weight women, possibly due to subclinical
inflammation associated with obesity.
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