Public Health Nutrition: 18(4), 736—741 doi:10.1017/81368980014000755

Short Communication

Obese women less likely to have low serum ferritin, Nicaragua

Amanda S Wendt'*, Maria E Jefferds?, Cria G Perrine?, Patricia Halleslevens® and

Kevin M Sullivan®#

"Nutrition and Health Sciences Program, Graduate Division of Biological and Biomedical Sciences, Laney Graduate
School, Emory University, 1599 Clifton Road NE — Room 6.426, Atlanta, GA 30322, USA: ?Division of Nutrition,
Physical Activity, and Obesity, Centers for Disease Control and Prevention, Atlanta, GA, USA: *Nutrition

Component, Ministry of Health, Managua, Nicaragua: “Rollins School of Public Health at Emory University,
Atlanta, GA, USA

Submitted 16 July 2013: Final revision received 14 March 2014: Accepted 17 March 2014: First published online 22 May 2014
Abstract

Objective: To examine the association between overweight and obesity and serum
ferritin among women of reproductive age (15-49 years) in Nicaragua, considering
the effect of a;-acid glycoprotein (AGP), a marker of inflammation.

Design: We analysed data from the 2004-05 Nicaraguan Integrated Surveillance
System for Nutrition Interventions. Three logistic regression models were analysed
with low serum ferritin (<15 pg/D as the dependent variable: (i) overweight or
obese status and covariates; (i) model 1 plus AGP; and (iii) model 1 restricted to
only women with normal AGP levels (<1-0 g/D.

Seiting: Nicaragua.

Subjects: Included in this analysis were 832 non-pregnant mother/caregivers
(15-49 years) surveyed in 2004-2005.

Results: In the sample, prevalence of overweight and obesity was 31-8% and
19-2 %, respectively, and 27-6 % had low serum ferritin. In model 1, the adjusted
OR of low serum ferritin was 0-74 (95 % CI 0-52, 1-05) for overweight women and
0-42 (95% CI 0-26, 0-65) for obese women. In model 2, AGP was significantly
independently associated with low serum ferritin (adjusted OR=10-56, 95 % CI
0-34, 0-92) while the adjusted OR for overweight and obesity were largely
unchanged. Excluding women with elevated AGP did not appreciably affect the
relationship between overweight or obesity and low serum ferritin (model 3).
Conclusions: Overall, in this population of reproductive-age women, obese
women were less likely to have low serum ferritin levels, and this was
independent of inflammation as measured by AGP.
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Anaemia is one of the most common nutritional disorders,
affecting an estimated 1-62 billion people around the
globe™™. Fe deficiency is an important cause of anaemia, but
can also be present without anaemia. Fe deficiency is also
highly prevalent globally and non-pregnant women of
reproductive age (15-49 years) are greatly affected, with over
496 million® identified as Fe deficient worldwide. Anaemia
and Fe deficiency are associated with impaired cognitive
function and decreased work capacity®. For women of
reproductive age who may become pregnant, additional
adverse effects include increased risk for preterm delivery,
low-birth-weight infants and decreased Fe stores for the
baby, which may lead to impaired development™. Popula-
tions in developing countries are particularly susceptible to
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anaemia and Fe deficiency due to increased risk of infections
and poor diet quality™.

There is uncertainty regarding the ideal biomarkers
to assess Fe status during states of infection and/or
inflammation. Serum ferritin is greatly affected by
increased inflammation, while other Fe status markers
such as soluble transferrin receptor, Zn protoporphyrin
and erythropoietin may be less affected, although these
indicators have other drawbacks'®. Serum ferritin is the
WHO-recommended indicator to assess Fe deficiency in
populations in the absence of inflammation. However, there
is no clear guidance on how to account for inflammation in
assessing Fe status in populations with a high prevalence of

inflammation.
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Concurrently, overweight and obesity have become a
global epidemic with over a third of adult women con-
sidered overweight or obese and almost two-thirds in
central Latin America®”. A growing number of developing
countries are experiencing a dual burden of malnutrition
with undernutrition and overnutrition present at the same
time"'°'¥. Obesity is associated with CVD, diabetes and
some cancers'®. In addition, obesity, anaemia and Fe
deficiency can result in overlapping consequences,
including adverse pregnancy outcomes !>, Using various
indicators of Fe status to define Fe deficiency, several
reports have found an association between obesity and Fe
deficiency, with the direction of the relationship varying
by the Fe indicator used'®??. Serum ferritin is often used as
a biomarker for detecting Fe deficiency in epidemiological
studies since low serum ferritin levels are a reflection of
depleted Fe stores””. Multiple studies, most carried out in
high-income countries, have reported positive'#2>?? or
non-significant associations ***>*” between serum ferritin
and obesity or overweight status. This may be due to
increased inflammation associated with obesity®® and
ferritin’s role as an acute-phase protein’®*”. This is in con-
trast to other indicators that detect later stages of Fe defi-
ciency (e.g. soluble transferrin receptor, serum Fe, transferrin
saturation), which tend to show an inverse relationship
between Fe status and weight status 1071820223030

During an acute-phase response, the concentration of
positive acute-phase proteins increases and may lead to a
decrease in Hb production and an increase in serum ferri-
tin“*** although the exact mechanism of this increase
remains unclear®”. C-reactive protein (CRP) and oy-acid gly-
coprotein (AGP) are commonly used to measure the acute-
phase response caused by inflammation®. Both of these
indicators have been positively associated with obesity®” and
elevated serum ferritin'”. CRP has been frequently used to
measure  inflammation in  overweight and obese
populations®18213139 " although AGP, a marker of chronic
low-grade inflammation, may be a more appropriate indicator
for assessing the chronic inflammation associated with obe-
sity®. The use of CRP as a marker of acute inflammation and
AGP as a marker of chronic inflammation is based on the
behaviours of these proteins in response to an acute or
chronic infection®. The behaviours of these proteins in
response to chronic excess of adipose tissue and elevation of
adipokines have been less studied, although it appears they
are associated®®.

In developing countries where the double burden of
undernutrition and overnutrition is increasing, understanding
the potential influence of overweight and obesity on serum
ferritin, a key indicator of Fe deficiency, may be important to
understand the prevalence of and changes in Fe deficiency
in these countries over time. The objective of the current
analysis was to examine the relationship between over-
weight and obesity and serum ferritin among a population of
women of reproductive age from Nicaragua. We also con-
sider the impact of AGP on these relationships.
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Experimental methods

Participants

In Nicaragua, the Sistema Integrado de Vigilancia de
Intervenciones Nutricionales (SIVIN; Integrated Surveillance
System for Nutrition Interventions) surveys a nationally
representative sample of households with children 6-59
months of age. SIVIN employs a complex, multistage,
probability cluster design to continuously sample selected
households throughout the year, resulting in a national
sample after 12 months of data collection; multiple years
can be combined for increased sample size. In each
household, a single child (6-59 months) as well as his/
her mother or caregiver are invited to participate. The
participants included in the current analysis were the non-
pregnant mother/caregivers (aged 15-49 years) surveyed
in 2004-2005. These women reported information about
the household, family, herself and her child; anthropometric
and biological measures were also collected.

Etbical review

Participation in the interview and biological sample col-
lection was voluntary and informed consent by signature
was obtained from each woman. The Nicaraguan Ministry
of Health approved the data collection. A de-identified
data set was used for the current analysis. Emory
University Institutional Review Board (IRB) determined no
IRB review was required for this secondary analysis.

Antbropometric measures

Height and weight measurements were taken according to
recommended standards®”. Shorr measuring boards were
used to measure each woman’s height in centimetres and
millimetres. Weight was measured by SECA 881 scales
in kilograms. BMI (kg/m® values were categorized as:
underweight (<18-5), normal weight (18-5-24-9), overweight
(25:0-29:9) and obese (>30-0)“”. Weight values of <129 kg
or > 140-0 kg, height values of <110-0 cm or >200-0 cm and
BMI values of < 3-2kg/m? or >55-0 kg/m? were excluded as

implausible*".

Biochemical measures

Venous sampling was used to collect blood samples.
Vacutainers were placed in a cold box during the day and
processed each night. After processing, samples were
frozen and stored in freezers in the health clinic until being
transported to the central laboratory within a few days.
Samples were then shipped to the Instituto de Nutricion
de Centro America y Panama (INCAP) in Guatemala for
analysis of AGP and serum ferritin. Serum AGP was
measured by the Dade-Behring turbidimetric method*"
and serum ferritin by the Ramco enzymatic immunoassay.
Elevated AGP was defined as > 1-0 g/I“? and low serum
ferritin as < 15 pg/1?.
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Covariates

Covariates included age (15-0-19-9 years, 20-0-29-9 years,
30-0-39-9 years and 40-0-49-9 years), urban/rural residence,
and education attained (none, primary school, secondary
school, university).

Statistical analyses

From 2004-2005, 1000 women were surveyed. Analysis was
limited to participants with complete data for serum ferritin,
AGP, anthropometry and covariates (2 861). Those excluded
because of insufficient data were more likely to be older
(40-0-49-9 years) and with no formal education. Underweight
women were excluded from analysis due to small sample size
(n 29). This brought the final sample size to 832. Descriptive
statistics and the prevalence of low serum ferritin in each BMI
and AGP group were calculated. Normality assessment
showed AGP and serum ferritin to have non-normal dis-
tributions; therefore geometric means were presented and
Pearson correlations used log-transformed variables.

Logistic regression modelling was implemented
accounting for weighting and complex sample design
using the procedure SURVEYLOGISTIC in the statistical
software package SAS version 9-2. Collinearity was asses-
sed by a macro accounting for sample design using PROC
SURVEYLOGISTIC (M Zack, J Singleton, C Satterwhite
et al., unpublished results). Three models with low serum
ferritin as the dependent variable and categorized BMI as
the primary independent variable were analysed. The first
model included only the weight status variables and
covariates, the second model additionally adjusted for
AGP, and the third model was the same as the first model
except that the sample was limited to only those
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participants without elevated AGP (1 663). All models
were adjusted for age, urban/rural residence and educa-
tion. Interactions were assessed for weight status with
each covariate and considered significant at P<0-05. In
the primary model the interaction between age and weight
status was statistically significant but was dropped because
of the low sample size in one subset (12 4). No other two-
way interactions were significant.

Results

As shown in Table 1, 49-0% of the women in the final
sample were categorized as normal weight, 31-8% as
overweight and 19-2% as obese, with mean BMI of 26-1
(95 % CI 25-7, 26-4) kg/m?. Obese and overweight women
were more likely to have elevated AGP levels. Only 15-4 %
of normal-weight women had elevated AGP compared
with 227 % of overweight and 29-6 % of obese women
(P<0:0001). The geometric mean of AGP among the
women was 0-82 (95 % CI 0-80, 0-84) g/l (data not shown).

Just over a quarter of women had low serum ferritin
(Table 1) with a geometric mean of 26-1 (95% CI 24-3,
281 pg/l. Overweight (26:4%) and obese (17-0%)
women were less likely to have low serum ferritin com-
pared with normal-weight women (32-6 %; Table 2), with
crude prevalence odds ratio for overweight . normal
weight of 0-74 (95% CI 0-54, 1-03) and obese v. over-
weight of 0-42 (95 % CI 0-27, 0-65; Table 1). Serum ferritin
and AGP were both significantly correlated with BMI and
with each other, with Pearson’s 7 of 0-20-0-22 (means and
correlation data not shown).

Table 1 Descriptive characteristics and crude odds ratios of low serum ferritin by covariates among non-pregnant women aged 15-49 years

with a child 6-59 months of age (n 832), Nicaragua SIVIN, 2004—2005

n % OR 95% CI P value
Low serum ferritin (<15 pg/l) 229 276 - -
Elevated AGP (>1-0g/l)
Yes 169 20-3 0-51 0-32, 0-83 0-0060
No 663 79-7 1-00 Ref.
BMI (kg/m?)
18-5-24-9 405 49.0 1.00 Ref. -
25.0-29-9 266 318 074 0-54, 1-03 0-0747
>30-0 161 192 042 0-27, 0-65 0-0001
Age group (years)
15.0-19-9 80 97 1.04 0-60, 1-79 0-9003
20-0-29-9 459 554 1.00 Ref. -
30-0-39-9 213 25.3 0-99 069, 143 09757
40-0-49-9 80 9-6 078 045, 1-33 0-3597
Urban/rural
Urban 504 59.7 116 0-83, 1-61 0-3848
Rural 328 40-3 1.00 Ref.
Education
None 105 126 1.28 0-66, 2:47 07153
Primary (1st-6th grade) 334 41.0 1-14 0-65, 1-99 0-6489
Secondary (7th—11th grade) 327 388 1.44 0-83, 250 0-1234
University (>11th grade) 66 76 1-00 Ref.

SIVIN, Sistema Integrado de Vigilancia de Intervenciones Nutricionales (Integrated Surveillance System for Nutrition Interventions); AGP, a4-acid glycoprotein;

Ref., reference category.
Women with BMI <185 kg/m? were excluded (n 29).
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Table 2 Prevalence of low serum ferritin by weight status and AGP level among non-pregnant women aged 15-49years with a child
6-59 months of age, Nicaragua SIVIN, 2004—2005

Obese
(BMI > 30-0 kg/m?)

Normal weight

Overweight
(BMI =18-5-24.9 kg/m?)

(BMI =25.0-29-9 kg/m?)

n % 95% ClI n % 95 % Cl n % 95% CI P value
Total 405 32-6 28.-3, 36-9 266 26-4 20-9, 32.0 161 170 10.9, 231 0-0005
Elevated AGP 61 16-5 6-2, 27.0 60 221 11-1, 331 48 151 4.4, 25.9 0-61
Normal AGP 344 355 30-7, 40-4 206 277 21.5, 33-8 113 178 10-2, 25-3 0-000

AGP, a4-acid glycoprotein; SIVIN, Sistema Integrado de Vigilancia de Intervenciones Nutricionales (Integrated Surveillance System for Nutrition Interventions).

Elevated AGP is AGP> 1-0 g/l; normal AGP is AGP <1-0g/l.

P values indicate a difference in prevalence of serum ferritin by weight status and are based on Rao-Scott 4 test.

Table 3 Association between low serum ferritin and weight status among women aged 15—49 years with a child 6-59 months of age,

Nicaragua SIVIN, 2004-2005

Model 1 (n 832)

Model 2 (n 832) Model 3 (n 663)

AOR 95% ClI AOR 95 % ClI AOR 95 % ClI

Weight status*

Normal weight 1-00 - 1.00 - 1-00 -

Overweight 074 0-52, 1-05 077 0-54, 1-10 0-69 047, 1-03

Obese 0-42 0-26, 0-.65 0-45 0-28, 0.71 0-39 0-22, 0.67
Elevated AGP

Yes N/A N/A 0-56 0-34, 0-92 N/A N/A

No N/A N/A 1-00 - N/A N/A

SIVIN, Sistema Integrado de Vigilancia de Intervenciones Nutricionales (Integrated Surveillance System for Nutrition Interventions); AOR, adjusted odds ratio;

AGP, o4-acid glycoprotein; N/A, not applicable.

*Weight status is based on BMI: normal weight is BMI = 18.5-24-9 kg/m?; overweight is BMI = 25.0-29-9 kg/m?; and obese is BMI > 30-0 kg/m?. Estimates are
odds ratios from logistic regression models. Low serum ferritin <15 pg/l is the outcome in all models.
Model 1 shows the association between BMI and low serum ferritin, adjusting for age, education and region.

Model 2 is the same as model 1, additionally adjusting for AGP.

Model 3 is the same as model 1, except the sample is restricted to only those participants with normal AGP levels.

In order to explore the effect of inflammation (AGP) and
weight status on low serum ferritin, three models were
constructed. In the first model, all women were included
(elevated and normal AGP). Only obese status was a sig-
nificant predictor of low serum ferritin with an adjusted
odds ratio (AOR) of 0-42 (95 % CI 0-26, 0-65). In the second
model, AGP was included and was significantly associated
with low serum ferritin with AOR of 0-56 (95 % CI 0-34,
0-92). However, the relationship between weight status
and serum ferritin remained largely unchanged with an
overweight AOR of 0-77 (95 % CI 0-54, 1-10) and an obese
AOR of 0-45 (95% CI 0-28, 0-71). In the third model, all
women with elevated AGP (z 169) were excluded from
the analysis. This also had little effect on the relationship
between weight status and serum ferritin. Overweight
women had an OR of 0-69 (95 % CI 0-47, 1:03) and obese
women had an OR of 0-39 (95% CI 0-22, 0-67; Table 3).
Overall, women with a BMI > 30-0 kg/m? were significantly
less likely to have low serum ferritin. This relationship was
not appreciably affected when accounting for inflammation
as indicated by AGP.

Discussion

Low serum ferritin and obesity were significantly inversely
associated in this nationally representative sample of
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non-pregnant, reproductive-age women with children
under 5years in Nicaragua, indicating that obese women
were less likely to have low serum ferritin levels (an
indicator of Fe deficiency) when compared with normal-
weight women. Age, region and education did not modify
or confound this relationship nor independently predict Fe
status. In addition, when the population was restricted to
women with normal AGP values or when AGP was added
to the model, the relationship between BMI and low
serum ferritin remained largely unchanged. After adjusting
for AGP in the model, the AOR for overweight and obese
women did not meaningfully change. This is in contrast to
Ausk and Toannou in which including CRP in the model
with serum Fe status markers decreased the association
between BMI and Fe status by 30-50 %', however, this
may be related to the use of a different inflammation
indicator. In Cepeda-Lopez et al., obesity no longer
independently predicted Fe deficiency when CRP was
added to the model”. Although AGP has been shown to
be useful in adjusting for the acute-phase response in
chronic infection®, we show a lack of impact on the
relationship between obesity and Fe deficiency in our
population. The continued influence of BMI on serum
ferritin, independent of AGP, may be due to other
inflammatory events that are not signalled by AGP, or it
may be through a currently unknown mechanism.
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The current study had several strengths. The data set was
a nationally representative sample of women with children
under 5 years of age in a developing country setting.
Low serum ferritin prevalence was approximately twice
that of a similar US population (26:1% 0. 13-6 %)%
Inflammation was measured through AGP, a marker of low-
grade, chronic inflammation®, which may be an appropriate
choice for assessing inflammation associated with over-
weight and obesity. The analysis took into account the
complex sample design of the survey.

There were also several limitations in the study. Only
one marker of Fe status was measured in this population.
While serum ferritin is the recommended indicator for
assessing Fe deficiency by WHO, its role as an acute-phase
protein makes assessing Fe deficiency in a population with
inflammation or infection challenging. Measuring additional
indicators that are less affected by inflammation may be
useful. Underweight women were excluded due to small
sample size and women interviewed were from households
with pre-school children, which may not be representative of
all women of childbearing age in Nicaragua. There was no
information on dietary intake or parasitic infections available,
which may also influence Fe status. Dietary Fe is a primary
determining factor of body Fe stores'”” and in this case it was
not possible to compare dietary Fe intakes across BMI
groups or in relation to low serum ferritin. The study was
cross-sectional and therefore temporal associations could not
be examined.

Overall, in this population of reproductive-age women,
obese women had a lower prevalence of low serum
ferritin and this lower prevalence was independent of
inflammation as measured by AGP. Obesity is an inde-
pendent predictor of serum ferritin even when controlling
for the inflammatory marker AGP. Measuring height and
weight is common in nutrition surveys in both developing
and developed country settings, although Fe deficiency
prevalence is not always reported across BMI categories.
Regularly reporting this information would be useful to
allow further examination of the impact of weight status
on Fe status. Further studies in different populations
should continue to explore the possible additional impact of
inflammation on this relationship. It may also be important to
collect data on anthropometry in Fe supplementation trials,
as BMI has been shown to affect Fe absorption””. Doc-
umenting the prevalence of Fe deficiency across BMI cate-
gories should be considered when describing the prevalence
of Fe deficiency in a given population.

Acknowledgements

Financial support: This research received no specific grant
from any funding agency in the public, commercial or
not-for-profit sectors. The primary author was supported
by a T-32 Reproductive, Perinatal, Pediatric Predoctoral
Fellowship through the National Institutes of Health (Grant

https://doi.org/10.1017/51368980014000755 Published online by Cambridge University Press

AS Wendt et al.

# 2T32HD052460). The findings and conclusions in this
report are those of the authors and do not necessarily
represent the official position of the US Centers for Disease
Control and Prevention. Conflict of interest: None.
Authorship: A.S.W. is primary author and primary data
analyst. M.EJ., C.G.P. and K.M.S. are advisors to analyses
and contributed to editing and revision of the manuscript.
P.H. contributed to revision of the manuscript. Ethics of
buman subject participation: Participation in the inter-
view and biological sample collection was voluntary
and informed consent by signature was obtained from
each woman. The Nicaraguan Ministry of Health approved
the data collection. A de-identified data set was used for
this analysis. Emory University Institutional Review Board
(IRB) determined no IRB review was required for this
secondary analysis.

References

1. McLean E, Cogswell M, Egli I et al. (2009) Worldwide pre-
valence of anaemia, WHO Vitamin and Mineral Nutrition
Information System, 1993-2005. Public Health Nutr 12,
444-454.

2. Stevens GA, Finucane MM, De-Regil LM et al. (2013) Global,
regional, and national trends in haemoglobin concentration
and prevalence of total and severe anaemia in children and
pregnant and non-pregnant women for 1995-2011: a sys-
tematic analysis of population-representative data. Lancet
Global Health 1, e16-e25.

3. World Health Organization (2001) Iron Deficiency Anae-
mia: Assessment, Prevention and Control. A Guide for
Programme Managers. Geneva: WHO.

4. Allen LH (2000) Anemia and iron deficiency: effects on
pregnancy outcome. Am J Clin Nutr 71, 5 Suppl,
1280 S-1284S.

5. Thurnham DI, McCabe LD, Haldar S et al. (2010) Adjusting
plasma ferritin concentrations to remove the effects of
subclinical inflammation in the assessment of iron defi-
ciency: a meta-analysis. Am J Clin Nutr 92, 546-555.

6. Kung'u JK, Wright VJ, Haji HJ et al. (2009) Adjusting for
the acute phase response is essential to interpret iron
status indicators among young Zanzibari children prone to
chronic malaria and helminth infections. J Nutr 139,
2124-2131.

7. World Health Organization/Centers for Disease Control and
Prevention (2005) Assessing the Iron Status of Populations:
Report of a Joint World Health Organization/Centers for
Disease Control and Prevention Technical Consultation on
the Assessment of Iron Status at the Population Level.
Geneva: WHO; available at http://stacks.cdc.gov/view/cdc/
6681

8. Caballero B (2007) The global epidemic of obesity: an
overview. Epidemiol Rev 29, 1-5.

9. Stevens GA, Singh GM, Lu Y et al. (2012) National, regional,
and global trends in adult overweight and obesity pre-
valences. Popul Health Metr 10, 22.

10. Satia JA (2010) Dietary acculturation and the nutrition transi-
tion: an overview. Appl Physiol Nutr Metab 35, 219-223.

11. Shafique S, Akhter N, Stallkamp G et al. (2007) Trends of
under- and overweight among rural and urban poor women
indicate the double burden of malnutrition in Bangladesh.
Int ] Epidemiol 36, 449-457.

12. Mendez MA, Monteiro CA & Popkin BM (2005) Overweight
exceeds underweight among women in most developing
countries. Am J Clin Nutr 81, 714-721.


http://stacks.cdc.gov/view/cdc/6681
http://stacks.cdc.gov/view/cdc/6681
https://doi.org/10.1017/S1368980014000755

Obese women less likely to have low serum ferritin

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

20.

27.

28.

29.

30.

Fernald LC & Neufeld LM (2007) Overweight with con-
current stunting in very young children from rural Mexico:
prevalence and associated factors. Eur J Clin Nutr 61,
623-632.

World Health Organization (2003) Diet, Nutrition and the
Prevention of Chronic Diseases. Joint WHO/FAO Expert
Consultation. WHO Technical Report Series no. 916.
Geneva: WHO.

Farr SA, Yamada KA, Butterfield DA et al. (2008) Obesity
and hypertriglyceridemia produce cognitive impairment.
Endocrinology 149, 2628-2636.

Aeberli I, Hurrell RF & Zimmermann MB (2009) Overweight
children have higher circulating hepcidin concentrations
and lower iron status but have dietary iron intakes and
bioavailability comparable with normal weight children.
Int ] Obes (Lond) 33, 1111-1117.

Cepeda-Lopez AC, Osendarp SJ, Melse-Boonstra A et al.
(2011) Sharply higher rates of iron deficiency in obese
Mexican women and children are predicted by obesity-
related inflammation rather than by differences in dietary
iron intake. Am J Clin Nutr 93, 975-983.

Ausk KJ & Ioannou GN (2008) Is obesity associated with
anemia of chronic disease? A population-based study.
Obesity (Silver Spring) 16, 2356-23061.

Nead KG, Halterman JS, Kaczorowski JM et al. (2004)
Overweight children and adolescents: a risk group for iron
deficiency. Pediatrics 114, 104-108.

Pinhas-Hamiel O, Newfield RS, Koren I et al. (2003) Greater
prevalence of iron deficiency in overweight and obese
children and adolescents. Int | Obes Relat Metab Disord 27,
416-418.

Tussing-Humphreys LM, Liang H, Nemeth E et al. (2009)
Excess adiposity, inflammation, and iron-deficiency in
female adolescents. J Am Diet Assoc 109, 297-302.

Lecube A, Carrera A, Losada E et al. (2006) Tron deficiency
in obese postmenopausal women. Obesity (Silver Spring)
14, 1724-1730.

Ahmed F, Coyne T, Dobson A et al. (2008) Iron status
among Australian adults: findings of a population based
study in Queensland, Australia. Asia Pac J Clin Nutr 17,
40-47.

Moschonis G, Chrousos GP, Lionis C et al. (2012) Associa-
tion of total body and visceral fat mass with iron deficiency
in preadolescents: the Healthy Growth Study. BrJ Nutr 108,
710-719.

Karl JP, Lieberman HR, Cable SJ et al. (2009) Poor iron status
is not associated with overweight or overfat in non-obese
pre-menopausal women. J Am Coll Nutr 28, 37-42.
Fanou-Fogny N, N JS, Koreissi Y et al. (2011) Weight status
and iron deficiency among urban Malian women of
reproductive age. Br J Nutr 105, 574-579.

Kordas K, Centeno ZY, Pachon H et al. (2013) Being
overweight or obese is associated with lower prevalence of
anemia among Colombian women of reproductive age.
J Nutr 143, 175-181.

Greenberg AS & Obin MS (2006) Obesity and the role of
adipose tissue in inflammation and metabolism. Am J Clin
Nutr 83, issue 2, 461 S—4658S.

Means RT Jr (2004) Hepcidin and anaemia. Blood Rev 18,
219-225.

Menzie CM, Yanoff LB, Denkinger BI et al. (2008) Obesity-
related hypoferremia is not explained by differences in
reported intake of heme and nonheme iron or intake of
dietary factors that can affect iron absorption. J Am Diet
Assoc 108, 145-148.

https://doi.org/10.1017/51368980014000755 Published online by Cambridge University Press

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

741

Yanoff LB, Menzie CM, Denkinger B et al. (2007) Inflam-
mation and iron deficiency in the hypoferremia of obesity.
Int | Obes (Lond) 31, 1412-1419.

Finch CA, Bellotti V, Stray S et al. (1986) Plasma ferritin
determination as a diagnostic tool. West J Med 145, 657-063.
Baynes R, Bezwoda W, Bothwell T et al. (1986) The non-
immune inflammatory response: serial changes in plasma
iron, iron-binding capacity, lactoferrin, ferritin and C-reactive
protein. Scand J Clin Lab Invest 46, 695-704.

Feelders RA, Vreugdenhil G, Eggermont AM et al. (1998)
Regulation of iron metabolism in the acute-phase response:
interferon y and tumour necrosis factor a induce hypoferrae-
mia, ferritin production and a decrease in circulating transferrin
receptors in cancer patients. Eur J Clin Invest 28, 520-527.
Northrop-Clewes CA (2008) Interpreting indicators of iron
status during an acute phase response — lessons from
malaria and human immunodeficiency virus. Ann Clin
Biochem 45, 18-32.

Timpson NJ, Nordestgaard BG, Harbord RM et al. (2011)
C-reactive protein levels and body mass index: elucidating
direction of causation through reciprocal Mendelian ran-
domization. Int | Obes (Lond) 35, 300-308.

Thurnham DI, Mburu AS, Mwaniki DL et al. (2005) Micro-
nutrients in childhood and the influence of subclinical
inflammation. Proc Nutr Soc 64, 502-509.

Maachi M, Pieroni L, Bruckert E et al. (2004) Systemic low-
grade inflammation is related to both circulating and adi-
pose tissue TNFa, leptin and IL-6 levels in obese women.
Int ] Obes Relat Metab Disord 28, 993-997.

World Health Organization (2012) Training Course on
Child Growth Assessment. Geneva: WHO; available at
http://www.who.int/childgrowth/training/en/index.html
World Health Organization (1995) Physical Status: The Use
and Interpretation of Anthropometry. Report of a WHO
Expert Committee. WHO Technical Report Series no. 854.
Geneva: WHO.

Ministerio de Salud Nicaragua (2008) Sistema Integrado de
Vigilancia de Intervenciones Nutricionales (SIVIN): Informe
de Progreso, Nicaragua, 2003-2005. Managua: Ministerio
de Salud.

Thurnham DI, McCabe GP, Northrop-Clewes CA et al.
(2003) Effects of subclinical infection on plasma retinol
concentrations and assessment of prevalence of vitamin A
deficiency: meta-analysis. Lancet 362, 2052-2058.
Hallberg L, Bengtsson C, Lapidus L et al. (1993) Screening
for iron deficiency: an analysis based on bone-marrow
examinations and serum ferritin determinations in a
population sample of women. Br J Haematol 85, 787-798.
US Centers for Disease Control and Prevention (2012)
Second National Report on Biochemical Indicators of Diet
and Nutrition in the US Population 2012. Atlanta, GA:
National Center for Environmental Health; available at
http://www.cdc.gov/nutritionreport/

Zimmermann MB, Zeder C, Muthayya S et al. (2008)
Adiposity in women and children from transition countries
predicts decreased iron absorption, iron deficiency and a
reduced response to iron fortification. Int J Obes (Lond) 32,
1098-1104.

McClung JP & Karl JP (2009) Iron deficiency and obesity:
the contribution of inflammation and diminished iron
absorption. Nutr Rev 67, 100-104.

Baumgartner J, Smuts CM, Aeberli I et al. (2013) Overweight
impairs efficacy of iron supplementation in iron-deficient
South African children: a randomized controlled intervention.
Int ] Obes (Lond) 37, 24-30.


http://www.who.int/childgrowth/training/en/index.html
http://www.cdc.gov/nutritionreport/
https://doi.org/10.1017/S1368980014000755

	Obese women less likely to have low serum ferritin, Nicaragua
	Experimental methods
	Participants
	Ethical review
	Anthropometric measures
	Biochemical measures
	Covariates
	Statistical analyses

	Results
	Table 1Descriptive characteristics and crude odds ratios of low serum ferritin by covariates among non-pregnant women aged 15�&#x2013;�49 years with a child 6�&#x2013;�59�&#x2009;�months of age (n 832), Nicaragua SIVIN, 2004�&#x2013;�2005
	Discussion
	Table 2Prevalence of low serum ferritin by weight status and AGP level among non-pregnant women aged 15�&#x2013;�49�&#x2009;�years with a child 6�&#x2013;�59�&#x2009;�months of age, Nicaragua SIVIN, 2004�&#x2013;�2005
	Table 3Association between low serum ferritin and weight status among women aged 15�&#x2013;�49�&#x2009;�years with a child 6�&#x2013;�59�&#x2009;�months of age, Nicaragua SIVIN, 2004�&#x2013;�2005
	Acknowledgements
	ACKNOWLEDGEMENTS
	References


