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Abstract

Background: Pregnancy anemia remains as a public health problem, since the official reports in the 70’s. To guide
the treatment of iron-deficiency anemia in pregnancy, the haemoglobin concentration is the most used test in
spite of its low accuracy, and serum ferritin is the most reliable test, although its cutoff point remains an issue.

Methods/design: The aim of this protocol is to verify the accuracy of erythrocyte indices and serum ferritin
(studied tests) for the diagnosis of functional iron-deficiency in pregnancy using the iron-therapy responsiveness as
the gold-standard. This is an ongoing phase III accuracy study initiated in August 2011 and to be concluded in April
2013. The subjects are anemic pregnant women (haemoglobin concentration < 11.0 g/dL) attended at a low-risk
prenatal care center in the Northeast of Brazil. The sample size (n 278) was calculated to estimate sensitivity of 90%
and 80% of specificity with relative error of 10% and power of 95%. This study has a prospective design with a
before-after intervention of 80 mg of daily oral iron during 90 days and will be analyzed as a delayed-type cross-
sectional study. Women at the second trimester of pregnancy are being evaluated with clinical and laboratorial
examinations at the enrollment and monthly. The ‘responsiveness to therapeutic test with oral iron’ (gold-standard)
was defined to an increase of at least 0.55 Z-score in haemoglobin after 4 weeks of treatment and a total dose of
1200 mg of iron. At the study conclusion, sensitivities, specificities, predictive values, likelihood ratios and areas
under the ROC (Receiver Operating Characteristic) curves of serum ferritin and erythrocyte indices (red blood cell
count, haematocrit, haemoglobin concentration, mean corpuscular volume, mean corpuscular haemoglobin, mean
corpuscular haemoglobin concentration, red blood cell distribution width, reticulocyte count) will be tested. The
compliance and adverse effects are considered confounding variables, since they are the main obstacles for the
iron-therapy responsiveness.

Discussion: This study protocol shows a new approach on iron-deficiency anemia in pregnancy from a functional
point of view that could bring some insights about the diagnostic misclassifications arising from the dynamic
physiologic changes during the gestational cycle.

Trial registration: WHO International Clinical Trials Registry Platform U1111-1123-2605.
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Background
Iron-deficiency anemia is recognized as the nutritional
deficiency of highest prevalence in the world, reaching all
continents and geo-economic blocks [1,2]. This is a ser-
ious problem in the gestation-puerperal period since the
maternal anemia is associated with several adverse peri-
natal outcomes, such as prematurity, low birth weight
and rates of maternal and perinatal mortality [3-9]. For
instance, the relationship between maternal anemia and
perinatal mortality contributed with 56% of 800,000
deaths attributed to iron-deficiency anemia globally in
2000 [9]. Hence, universal supplementation of iron dur-
ing pregnancy has been widely recommended as a health
policy from the 70´s [1,10]. However, the prevalence of
gestational anemia remains 50% globally and 20% in the
Americas since then [1,2] which points to the failure of
this measure, despite the effectiveness of the iron supple-
mentation programs in the general population has been
estimated to about 70% [1].
Apart of the concerning issues to the implementation

degree and quality of the programs to control anemia,
the main limiting factor of the effectiveness and efficacy
of the interventions with iron supplements would be the
poor compliance to therapy, which can achieve figures
up to 70% at pregnancy [11,12] and is associated with
the frequent occurrence (20-70%) of gastrointestinal ad-
verse effects [13-18]. Taking into account that the thera-
peutic success depends on the total dose of iron ingested
throughout the treatment [14,18], higher cure rates of
anemia should be observed in the controlled context of
clinical trials, whereas the therapeutic compliance would
be maximized, however, these rates are around 50%
[19,20]. Therefore, factors not related to the therapeutic
dose of iron may be contributing to these modest
results, among them could be mentioned the criteria
used to indicate and evaluate the iron-therapy during
pregnancy [1,2,10].
The haemoglobin concentration (Hb) has been considered

as a proxy of iron deficiency and widely recommended as
a criterion for the indication of iron-therapy in pregnant
women, particularly in location with few resources [1].
The Hb cutoff point of 11.0 g/dL for pregnancy was
defined from North American and European reference
populations by the Gaussian paradigm: less than 2 stand-
ard deviations below the mean reference [1,21,22]. This is
a theoretical statistic definition that assumes prevalence of
5% for all disorders and might not be suitable for all
epidemiologic or clinical settings [23]. Indeed, the 70’s
guideline of the World Health Organization (WHO)
considered that the Hb cutoff points defined from popula-
tion distributions could be an oversimplification [10]; and
some studies have observing that Hb and other erythro-
cyte indices present low correlation with the body iron
reserves in pregnant women (sensitivity and specificity
around 60%) [24-29]. Thus, could be considered that diag-
nostic misclassifications of iron-deficiency anemia may be
another limiting factor of the iron-therapy responsiveness
in this life cycle phase.
In fact, the cross-sectional and longitudinal assessment

of the haematological profile during pregnancy is troublesome
due to increased iron requirements beside the haemodilution,
a physiological phenomenon in which occur an increase of
50% in the plasma volume versus 30% in the erythrocyte
mass [1,21]. This phenomenon is responsible for the
U-shaped curve that Hb and haematocrit levels develop in
pregnant women with nadir between the 24th and 28th
weeks of pregnancy [24,30-32], which explains the “physio-
logical anemia” in which the erythrocyte mass remains nor-
mal in relation to the effective body weight [1,7]. Based on
this rationale, Beaton and McCabe (1999) developed the
Hb Z-score methodology to correct its values according to
the mean expected for the gestational week [33]. An alter-
native to a more accurate diagnosis of iron deficiency would
be the dosage of biomarkers of iron metabolism, however,
these are also influenced by gestational physiology and
many have not been standardized to be used at pregnancy
[1,34]. The serum ferritin remains as the biomarker that
best correlates with the iron content in the bone marrow of
pregnant women [24-27], but there is no consensus as to
its cut-off point [1,34].
These observations indicate that the accurate diagnosis

of iron-deficiency anemia during pregnancy is problem-
atic. The current diagnostic criteria with steady cutoff
points based on Gaussian definition of normality does
not reflect the functional conceptions of the anemia and
of the iron deficiency at pregnancy, respectively, as the
status of insufficient circulating haemoglobin for oxygen
transport required by gestational metabolism and as the
inadequate iron supply to achieve this demand [1]. So,
the hypothesis of AMA study is that the pre-treatment
values of Hb and other erythrocyte indices have low
power to predict the functional iron-deficiency in preg-
nancy and to discriminate iron-sufficient from iron-
deficient pregnant women (potentially responsive to
iron-therapy). It is expected that the serum ferritin
presents higher accuracy parameters than erythrocyte
indices.

Rationale for AMA study - phase III diagnostic accuracy
study
Starting from the assumptions that erythrocyte indices
have low accuracy for the diagnosis of iron deficiency in
pregnant women in accuracy phase II studies [24-29],
the AMA study was initiated. As an accuracy phase III
study, it is being conducted in a population under a
higher risk of iron deficiency [23]. Thereby, this study
will evaluate and compare the accuracy of Hb and other
erythrocyte indices and of serum ferritin for the diagnosis
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of functional iron deficiency in anemic pregnant women
(Hb < 11.0 g/dL), as pregnant women with Hb > 11.0 g/dL
from the same location have very low rates of iron-
deficiency [35].
In the absence of a gold standard to define functionally

iron deficiency in pregnancy, was established as the
reference standard the haematological response to oral
iron-therapy, which is considered a reliable and low-cost
alternative for the confirmation of anemia due to iron
deficiency [1]. In this protocol, this approach considers
the rationale of therapeutic definition of normality
(therapeutic diagnostic) that employs the response to
specific treatments in disease-target markers as the par-
ameter to define diagnostic criteria [23]. This functional
rationale is suitable for the pregnancy period because
the dynamic physiologic changes on the erythrocyte in-
dices and biomarkers of iron metabolism [30-34].
Taking into account that adverse effects and poor

therapeutic compliance are the main limiting of intake
of an effective dose of iron they were pre-established as
confounding variables. Whereas the physiological fluctu-
ation of Hb at each gestational week is a factor which
can be bias the evaluation of the haematological re-
sponse to iron-therapy [33], the pre and post treatment
Hb values will be transformed into Z-scores for purposes
to measure the outcome.

Methods/design
Study aim and objectives
The aim of this study is to describe and to compare, at
the practice setting of prenatal care, the pragmatic utility
of serum ferritin and each single test on erythrogram to
discriminate iron-sufficient from iron-deficient pregnant
women who will benefit from iron therapy to achieve
the improvement of their anemia.
The primary objective of this study is to analyze the

accuracy (sensitivity, specificity, predictive values, like-
lihood ratios and Receiver Operating Characteristic
curves) of Hb and other erythrocyte indices and of
serum ferritin (studied tests) to predict the ‘respon-
siveness to therapeutic test with oral iron’ (gold-stand-
ard test) in pregnant women pre-classified as anemic
(Hb < 11.0 g/dL).
As a secondary objectives are proposed to compare the

results of evaluation of the ‘responsiveness to therapeutic
test with oral iron’ using absolute values and Z-scores of
Hb; and to describe the frequency of the therapeutic com-
pliance and gastrointestinal adverse effects, as well as their
association with the dose of iron intake and with the
therapeutic response.

Study design
This study deals with a diagnostic validation of the pre-
treatment values of erythrocyte indices and serum ferritin
(studied tests) in relation to the gold standard ‘responsive-
ness to therapeutic test with oral iron’ in women with
low-risk singleton pregnancy. The design is classified as
phase III as these tests already have been used in clinical
practice and will be evaluated in anemic pregnant women
[23], i.e., a population under risk of iron deficiency (target
disease) with formal indication of oral iron therapy in ac-
cordance with the criterion adopted by WHO (Hb <
11.0 g/dL) [1]. The direction of the study is prospective
(delayed-type cross-sectional study) with the purpose of
observing the variation in the Hb values after a period of
at least 4 weeks of a ‘before-after’ intervention with 80 mg
of daily oral iron and to define the final diagnosis of the
functional iron deficiency [36]. The measurement of target
disease (iron deficiency) by the gold-standard (‘responsive-
ness to therapeutic test with oral iron’) has been carried
out on all participants, such as post-treatment Hb has
been assessed independently of the results of the studied
tests (pre-treatment erythrocyte indices and serum fer-
ritin). The final diagnosis of the functional iron deficiency
will be blinded in relation to the tests results carried out
at time-zero since it will be calculated by the Hb Z-scores
methodology at the conclusion of the study.
The protocol is registered as a single-arm clinical trial

in the Brazilian Clinical Trials Registry (REBEC) at the
Ministry of Health of Brazil and in the WHO International
Clinical Trials Registry Platform (U1111-1123-2605).
Study setting and period
This study is set in the prenatal care center of Instituto
de Medicina Integral Prof Fernando Figueira (IMIP) at a
large urban center in the Northeast of Brazil. IMIP is a
regional tertiary hospital with reference in maternal-
child health which serves primarily for high-risk preg-
nant women; however, around 600 low-risk pregnant
women are attended monthly. Data collection was
initiated in August 2011 in a pilot study phase in which
was concluded in October 2011. The conclusion of this
study is scheduled for April 2013.
Participants/eligibility criteria
The participants are 18-35 years old women with a low-
risk singleton pregnancy. The inclusion criteria are Hb
values ≥ 7.0 and < 11.0 g/dL and the gestational age be-
tween 12 and 32 weeks. Pregnant women are being
excluded if they have a history of hypersensitivity or in-
tolerance to ferrous sulfate, mental deficits or disorders
that cannot correctly follow the prescription; tobacco, al-
cohol or other drugs use; prior diagnosis of another
cause of anemia; or at the time of inclusion present ac-
tive infectious disease (positive serology for Human Im-
munodeficiency Virus or syphilis, leukocytosis or
leukocyturia with positive urine culture).
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Recruitment, procedures and instruments
The recruitment procedure is a consecutive series of
patients whose prenatal routine exams show anemia
(Hb < 11.0 g/dL) and encounters all other eligibility cri-
teria (Figure 1). The pregnant women are then invited to
participate in the study at the time of the prenatal con-
sultation to then clarify about the issue. After reading
and signing the written informed consent form, an initial
consultation begins (C0) with a structured questionnaire
and the anthropometric variables measurement (weight
and height). At this moment, the prescription for the
drug intervention proceeds under the proper guidance
and then the pregnant woman is guided to perform the
initial laboratory tests (complete blood count, reticulo-
cyte count and serum ferritin).
The pregnant women are measured and weighed

barefooted, without any objects in their hands or in their
pockets on a calibrated electronic scale. It is requested
that all pregnant women attend the laboratory in the
morning within 8–12 hours of fasting to collect blood
samples. The blood samples are collected and properly
identified by the process of collecting in the routine ser-
vice, through venipuncture in the antecubital fold. The
erythrograms are analyzed using flow cytometry and ab-
sorbance of an automatic hematological analyzer (ABX
Pentra DF120 Horiba brand) calibrated daily, and are
complemented with a microscopic reading of smears
stained with a panoptic dye to morphologically study of the
cells. The reticulocyte count is performed by a manual
method by reading of smears stained with brilliant cresyl
blue dye. The serum ferritin is measured by chemilumines-
cence immunoassay in blood sample collected in dry tube,
Figure 1 Flowchart of the participant enrolled in the AMA study until
using the same kit and following the calibration according
to the international standards of WHO.
All non-laboratorial variables are obtained using a

standardized form developed specifically for the re-
search. The laboratory data are recovered directly by a
computerized system of results generated electronically
by the automated equipment of biological analysis. The
laboratory tests of the pilot study (n 23) were performed
by the laboratory of the institution. After the conclusion
of the pilot study (October 2011), for operational
reasons, the laboratorial analysis service was outsourced
to an external laboratory. Both laboratories have govern-
mental certification and follow standardized operational
norms.
Intervention
The treatment consists of two daily doses of 109 mg of
ferrous sulfate in the form of pills with 40 mg of elemen-
tal iron (HematoferW, Prati Donaduzzi & Cia LTDA).
Three blisters with 20 pills are given at the enrollment
(C0) and at the two monthly revaluations (C1, C2). The
pregnant women are oriented at each consultation to
ingest the medication with a glass of drinking water, 30 -
minutes before a meal, and to preserve the non-
consumed pills in the blisters. The safety profile for the
use of ferrous sulfate at pregnancy is satisfactory; there
were no reports of fetal damage or severe maternal ad-
verse events [19,20]. The dose of 80 mg/daily of elemen-
tal iron was adopted due to the set of evidences not
found any additional efficacy with higher daily doses
[14,19].
august 2012.
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Follow-up and withdrawal criteria
The prescribed treatment provides a follow-up period of
90 days. The follow-up is stopped before this period in
case of evolution to high-risk pregnancy, genital
bleeding, childbirth delivery, drop out of treatment, use
of another type of iron supplement, drug intolerance,
cure or aggravation of anemia. The participants are
evaluated monthly (C1, C2, C3), and information about
gastrointestinal symptoms and therapeutic compliance is
collected by the standardized form, such a venous blood
sample to obtain Hb is prompted. Pregnant women who
present drug intolerance, severe anemia (Hb < 7.0 g/dL)
or Hb values drop more than 1.0 g/dL during the
follow-up are referred to an individualized conduct.
Those who present Hb > 11.0 g/dL before 90 days of the
overall follow-up will begin to use supplemental doses of
oral iron (40 mg/daily).

Studied tests (predictive variables)
The initial values of the erythrocyte indices and serum
ferritin will be tested as predictors of presence of
the functional iron deficiency at the following cutoff
points suggested by WHO and Centers for Disease Con-
trol and Prevention (CDC) on pregnant or childbearing
age women (when there is no specific report for preg-
nant women): red blood cells count < 3.8 1012 cells/L;
Hb < 10.5 g/dL (suggested for the 2nd trimester of
pregnancy); haematocrit < 32.0% (suggested for the 2nd
trimester of pregnancy); mean corpuscular volume
(MCV) < 81.0 fL; mean corpuscular haemoglobin
(MCH) < 26.0 pg; mean corpuscular haemoglobin con-
centration (MCHC) < 32.0 g/dL; red blood cells distri-
bution width (RDW) > 14.0%; reticulocyte count < 1.0%;
serum ferritin < 12.0 ng/mL [1,21,22].

Gold-standard test (outcome variable)
The final diagnosis of iron deficiency will be set indi-
vidually on the basis of the presence (case) or absence
(non-case) of the ‘responsiveness to therapeutic test with
oral iron’, starting from assumptions that, in the case of
iron deficiency in pregnancy, a functional definition
would be more appropriate [37] and the haematologic
response to the treatment is considered as a reliable in-
dicator of functional iron need [1]. This is one of the al-
ternative approaches in the definition of the gold-
standard which is based on the follow up of the clinical
course during a suitable predefined period under a
therapeutic intervention [36].
To measure this outcome, the physiological variability

of Hb throughout the pregnancy was taken into consid-
eration, because it distorts the interpretation of longitu-
dinal trends of Hb absolute values [33]. Thus, on the
rationale basis developed by Beaton and McCabe in
1999, the pre and post treatment Hb values of each
pregnant woman will be adjusted to the gestational week
through the Z-score methodology [33]. This method-
ology quantifies the difference (in standard deviation
units-SD) between an observed Hb value and the gesta-
tional week’s reference mean from a reference distribu-
tion curve [33]. Due to the lack of a Brazilian reference
curve will be used the curve reported from iron-
supplemented healthy women from Europe and North-
America which was employed by Beaton and McCabe
[21,22,33]. The individual calculation of the Z-score
is carried out according to the following mathematical
formula:

HbZ�score ¼ Hb value observed �mean of Hb expectedð Þ
SD of the reference population

It was determined as a final diagnosis of functional
iron deficiency the partial therapeutic responsiveness by
increase of at least 0.55 Hb Z-score after a minimum of
4 weeks treatment and an intake of at least 1200 mg of
elemental iron as a total dose, based on the following
assumptions:

– An increase of 1 g/dL on the Hb after 30 to 60 days
of oral iron therapy is a reliable indicator of iron
deficiency in individuals or populations [1].

– The haematological improvement depends on the
total dose of iron intake considering that the dose of
1200 mg of elemental iron is responsible for most of
the effect on the Hb values [14].

– The standard deviation of the Hb distribution in
populations of pregnant women is 0.9 g/dL,
independently of gestational age [33].

– By mathematics definition, 1 Z-score corresponds to
1 SD, that is, equal to 0.9 g/dL of Hb at pregnancy.
Therefore, the difference of 0.55 SD between the
post and pre-treatment Hb Z-scores represents a
relative increase of 0.5 g/dL (0.55 × 0.9 g/dL) in the
Hb status of a pregnant woman.

Confounding variables (secondary outcomes)
Treatment compliance and adverse effects are being
evaluated every 30 days and recorded in the pregnant
women´s individual form with a goal to reduce losses
and ensure the intake of the effective total dose of iron
with minimal symptomatic discomfort for the pregnant
women. Women who do not achieve the minimum ad-
herence (intake of 30 pills = 1200 mg of elemental iron)
will not be evaluated for the ‘responsiveness to thera-
peutic test with oral iron’. The frequency of the good ad-
herence to the treatment will be reported as an intake at
least 75% of the prescribed monthly pills, according to
pregnant women’s information and pill counting. This
percentage was determined on the basis of the proportion



Bresani et al. BMC Pregnancy and Childbirth 2013, 13:13 Page 6 of 8
http://www.biomedcentral.com/1471-2393/13/13
of the monthly treatment prescribed that corresponds to
the total monthly dose of 1800 mg of elemental iron,
which is considered responsible for almost the entire ef-
fect in Hb levels according to Ekström et al. (2002) [14].
According to pregnant women´s information the pres-

ence of the adverse effects was defined as the appearance
of the following symptoms after the beginning of the inter-
vention: abdominal pain/abdominal cramps, diarrhea (in-
creasing number of evacuations or reduction of the stools
consistency), constipation (reducing number of evacuations
or hardening of stools), nausea, vomiting and heartburn
(epygastric burning or heartburn) [38]. The women who
developed symptoms related to the medication are
orientated case by case to ingest the pills along with the
meals or temporarily reduce the dosage for a pill a day.
The following co-variables are being collected for

the sample characterization: age, city of residence, educa-
tion level, socioeconomic class (economic classification
criteria Brazil 2010) [39], marital status; anthropometric
classification by the body mass index (Atalah et al. stand-
ard) [40], number of pregnancies, births or miscarriages
and last inter-gestational interval. The gestational age is
being defined as complete weeks from the date of the last
menstrual period and confirmed by ultrasound estima-
tion. In pregnant women who do not remember their last
menstrual period, the gestational age will be based solely
on the ultrasound examination.

Statistical issues
Sample size
The sample size (43 cases and 97 non-cases) was calculated
to estimate 90% of sensitivity and 80% of specificity, with
relative error of 10% and the power of 95%. Considering
cure rates of 50% and 30% of losses or poor adherence to
treatment [38,41], 278 anemic pregnant women should be
recruited.

Operational and data analysis
The data are being released with dual input and
processed in the EPIINFO3.4.2 program. The analytical
design is as a delayed-type cross-sectional study, where
at the end of the follow-up, the measured tests at time-
zero (predictive variables) will be compared with the
final diagnosis of the target-disease (outcome variable)
to determine estimates of accuracy [36]. Thus, at the
end, the proportions and its confidence intervals will be
calculated for sensitivity, specificity, accuracy, predictive
values, likelihood ratios and areas under the ROC curves
of each erythrocyte index and serum ferritin against the
presence or absence of the ‘responsiveness to therapeutic
test with oral iron’. The significance level adopted will
be 5%. The estimates will be made according to the 3 × 3
table for the results distribution from diagnostic accuracy
phase III studies, which have cells to report unconcluded
results (lost, not performed or indeterminate) of the gold
standard and the studied tests [23]. This table enables to
report the results unknown that could bias the measure-
ment of accuracy at a clinical practice setting (Table 1).

Pilot study and interim analysis
During the period of the pilot study 106 anemic preg-
nant women were identified, which 39 fulfilled the eligi-
bility criteria with the acceptance of 100% to participate
in the research. The loss percentage was 41% due to
dropout (9), gestational risk (5) and drug intolerance (2).
Low therapeutic adherence (intake of less than 75% of
pills) was observed in 30.4% (7/23) and the most
incidents of adverse effects were nausea (25.8%), heart-
burn (21.5%) and constipation (17.2%).
An interim analysis of collected data will be performed

on 186 pregnant women enrolled until August 2012,
whose follow-ups were completed in November 2012, to
verify the number of cases and non-cases and estimate
the additional time necessary to achieve the sample size.

Ethical issues
This protocol follows the Ethical Principles for Medical
Research Involving Human Subjects of the Declaration
of Helsinki and the 196/96 resolution from the National
Health Council of Brazil. This study has the ethical ap-
proval for the human experimentation by IMIP Research
Ethics Committee under the number 2050–10. The
participants are duly informed about the research
explained by the team and are enrolled in the study after
having assigned the written informed consent form.

Financing
This trial was funded by the National Council for Scien-
tific and Technological Development (CNPq) of Brazilian
Government as a nested study to the cross-sectional
multicenter survey ‘Pregnant women nutritional status in
the state of Pernambuco: methodological, epidemiological
aspects and implications in pre-natal care’.

Discussion
Pregnancy is a period marked by singularities in the
physiology of the body fluids and erythropoiesis, so both
haemodilution and iron deficiency leads to anemia and
this discrimination becomes difficult [21,34,37]. The
protocol study AMA applies a new approach to the
problem of diagnosis of iron-deficiency anemia in preg-
nancy, regarding to the design of the study and to the
definition of the target disease. As a phase III study, the
diagnostic accuracy of the tests will be evaluated in the
practical context of prenatal care, where the contrast be-
tween the presence and the absence of iron deficiency is
attenuated making it difficult to distinguish pregnant
women who are or not potentially iron responsive [23,36].



Table 1 The table 3 × 3 to distribute the tests results on phase III accuracy studies

Reference standard ‘responsiveness to therapeutic test with oral iron’

Diagnostic test result
(erythrocyte indices or serum ferritin)

Iron deficiency present Lost, not performed or
indeterminate

Iron deficiency absent Total

Positive a v b

Lost, not performed or indeterminate w x y

Negative c z d

Total
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Thus, this study design needs larger samples, which makes
its use uncommon [36].
In the absence of a gold standard, the haematological

response to oral iron was adopted as the reference
standard in order to define iron deficiency in pregnancy
under the functional point of view. This approach aims
to evaluate the pragmatic usefulness of erythrogram and
serum ferritin to identify pregnant women who would
benefit from iron therapy to achieve the improvement of
their anemia, which should be the theoretical purpose of
the current guideline in recommending iron-therapy for
all pregnant women with Hb < 11.0 g/dL [1]. However,
the gold-standard ‘responsiveness to therapeutic test
with oral iron’ is the main fragility of this protocol, be-
cause it is subordinate to the total dose of iron ingested,
the effective absorption of iron ingested and the reliable
measurement of haematological response [14,33]. Thus,
the follow up on therapeutic compliance and adverse
effects was incorporated into the protocol so it can be a
guarantee the intake of the effective total dose of iron.
With regard to the absorption of iron ingested, it was
considered that it would not constitute an important
limiting factor to the therapeutic response since it
increases up to 40% during pregnancy [34]; furthermore
the women are being guided to take the iron pills in the
most effective way.
An important issue addressed in the protocol method

is the physiologic fluctuation of the Hb absolute values
which could bias the therapeutic efficacy measurements
during the follow-up trial period [24-29]. Beaton and
McCabe (1999) argued that, depending on the gesta-
tional week in which the treatment of anemia is initiated
and concluded, variations observed in the Hb levels may
be attributed to its physiological curve and could be
confounded with the therapeutic effects. These authors
reanalyzed 21 trials with oral iron in children and preg-
nant women and observed important differences be-
tween the outcomes assessed by Hb absolute values and
by the Hb Z-scores [33]. Thus, in this protocol the post
and pre-treatment difference in Hb values of each preg-
nant woman will be measured in the Z-scores, aiming to
neutralize the variability intra-observation, resulting
from physiological Hb curve of each woman, and the
variability inter-observation, arising from the different
gestational ages represented in the sample. Despite its
appropriateness, the Z-score methodology has been
scarcely used in clinical trials of treatments for iron-
deficiency anemia in pregnancy [19]; for instance,
Mumtaz et al. (2000) were the only one to apply the Hb
Z-scores among 23 clinical trials reviewed in the most
recent meta-analysis [19,42].
In addition to these methodological questions, this

study found its own operational limitations of the rou-
tine at a prenatal service in our location, particularly
regarding to the patients’ return for clinical follow-up
and the effective performance of laboratorial exams. The
excessive loss rate of the pilot study was overcome with
strategies which have strengthened the follow-up and
the laboratory analyzes. The percentage of adverse
effects agreed with the literature, signaling the continu-
ance of the study in order to ensure the effective dose of
iron intake and the safety standard of the medication
[11-17]. At the end of the study, we hope that the results
will bring some clarification on the role of Hb and
serum ferritin in the diagnosis of iron deficiency in preg-
nancy and that allows us to question the paradigm that
“the prevalence of iron deficiency anemia in a population
is statistical rather than physiological concept” (WHO,
2001) [1].

Competing interests
The authors declare that they have no any financial competing interests as
well as other potential conflicts of interest related to this study.

Authors’ contributions
CCB, MCB and MB conceived and designed this protocol. CCB, DFF, CET and
DBS are carrying out the acquisition of data. CCB is performing the study
coordination. All authors read, critically revised and approved this
manuscript.

Acknowledgements
We thank Dr. José Natal Figueirôa for his assistance in building the database
and planning data analysis.

Author details
1Nutrition Research Group at Instituto de Medicina Integral Prof Fernando Figueira
– IMIP, Rua dos Coelhos, 300, Boa Vista, Recife, PE CEP: 50.070-550, Brazil. 2Instituto
Nacional do Seguro Social/Ministério da Previdência Social – INSS/MPS, Av Jorn
Mário Melo, 343, Santo Amaro, Recife, PE CEP: 50.040-010, Brazil. 3Postgraduate
Program in Maternal and Child Health of IMIP, Rua dos Coelhos, 300, Boa Vista,
Recife, PE CEP: 50.070-550, Brazil. 4Postgraduate Program in Public Health at
Centro de Pesquisas Aggeu Magalhães – Fundação Oswaldo Cruz – CPQAM/
FIOCRUZ, Av. Professor Moraes Rego, s/n - Campus da UFPE - Cidade Universitária,



Bresani et al. BMC Pregnancy and Childbirth 2013, 13:13 Page 8 of 8
http://www.biomedcentral.com/1471-2393/13/13
Recife, PE CEP: 50.670-420, Brazil. 5Faculdade Pernambucana de Saúde – FPS, Av.
Jean Emile Favre, 422 Imbiribeira, Recife, PE CEP: 51.200-060, Brazil.

Received: 13 December 2012 Accepted: 8 January 2013
Published: 16 January 2013

References
1. World Health Organization: Iron deficiency anemia: assessment, prevention

and control – a guide for program managers. Geneva, Switzerland: WHO;
2001.

2. World Health Organization: Worldwide prevalence of anaemia 1993–2005:
WHO global database on anaemia. Geneva, Switzerland: WHO; 2008.

3. Murphy JF, O’Riordan J, Newcombe RG, Coles EC, Pearson JF: Relation of
haemoglobin levels in first and second trimesters to outcome of
pregnancy. Lancet 1986, 1:992–995.

4. Steer P, Alam MA, Wadsworth J, Welch A: Relation between maternal
haemoglobin concentration and birth weight in different ethnic groups.
Br Med J 1995, 310:489–491.

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

6. Scholl TO, Reilly T: Anemia, iron and pregnancy outcome. J Nutr 2000,
130:443.

7. Yip R: Significance of an abnormally low or high haemoglobin
concentration during pregnancy: special consideration of iron nutrition.
Am J Clin Nutr 2000, 72(Suppl):272–279.

8. Rasmussen KM: Iron deficiency anemia: reexamining the nature and
magnitude of the public health problem. Is there a causal relationship
between iron deficiency or iron-deficiency anemia and weight at birth,
length of gestation and perinatal mortality? J Nutr 2001, 131(Suppl):
590–603.

9. Stoltzfus RJ: Iron deficiency: global prevalence and consequences. Food
Nutr Bull 2003, 24(Suppl 4):99–103.

10. World Health Organization: Control of nutritional anaemia with special
reference to iron deficiency. Technical Report Series no. 580. Geneva,
Switzerland: WHO; 1975.

11. United Nations Children’s Fund/World Health Organization: Prevention and
control of iron deficiency anaemia in women and children. Geneva,
Switzerland: UNICEF/WHO; 1999.

12. Hyder SM, Persson LA, Chowdhury AM, Ekström EC: Do side-effects reduce
compliance to iron supplementation? A study of daily- and weekly-dose
regimens in pregnancy. J Health Popul Nutr 2002, 20:175–179.

13. Ekström ECM, Kavishe FP, Habicht JP, Frongillo EA Jr, Rasmussen KM,
Hemed L: Adherence to iron supplementation during pregnancy in
Tanzania: determinants and hematologic consequences. Am J Clin Nutr
1996, 64:368–374.

14. Ekström EC, Hyder SM, Chowdhury AM, Chowdhury SA, Lönnerdal B,
Habicht JP, Persson LA: Efficacy and trial effectiveness of weekly and daily
iron supplementation among pregnant women in rural Bangladesh:
disentangling the issues. Am J Clin Nutr 2002, 76:1392–1400.

15. Makrides M, Crowther CA, Gibson RA, Gibson RS, Skeaff CM: Efficacy and
tolerability of low-dose iron supplements during pregnancy: a
randomized controlled trial. Am J Nutr 2003, 78:145–153.

16. Kumar A, Jain S, Singh NP, Singh T: Oral versus high dose parenteral iron
supplementation in pregnancy. Int J Ginecol Obstet 2005, 89:7–13.

17. Saha L, Pandhi P, Gopalan S, Malhotra S, Saha PK: Comparison of efficacy,
tolerability, and cost of iron polymaltose complex with ferrous sulphate
in the treatment of iron deficiency anaemia in pregnant women. Med
Gen Med 2007, 9:1.

18. Zhou SJ, Gibson RA, Crowther CA, Makrides M: Should we lower the dose
of iron when treating anaemia in pregnancy? A randomized dose–
response trial. Eur J Clin Nutr 2009, 63:183–190.

19. Reveiz L, Gyte GML, Cuervo LG, Casasbuenas A: Treatments for iron-deficiency
anaemia in pregnancy. Cochrane Database of Systematic Reviews, The
Cochrane Library. doi:10.1002/14651858.CD003094.pub2. Issue 11, Art. No.
CD003094.

20. Peña-Rosas JP, De-Regil LM, Dowswell T, Viteri FE: Intermittent oral iron
supplementation during pregnancy, The Cochrane Library. doi:10.1002/
14651858.CD009997.pub7. Issue 11, Art. No. CD009997.

21. Centers for Disease Control and Prevention: Recommendations to prevent
and control iron deficiency in the United States. MMWR Recomm Rep
1998, 47((RR-3):1–36.
22. Centers for Disease Control and Prevention: Iron Deficiency - United
States, 1999–2000. MMWR Recomm Rep 2002, 51(40):897–899.

23. Sackett DL, Haynes RB: The architecture of diagnostic research. In The
evidence base of clinical diagnosis. Edited by Knottnerus JA. London: BMJ
books; 2002:19–37.

24. Puolakka J, Jänne O, Pakarinen A, Vihko R: Serum ferritin in the diagnosis
of anemia during pregnancy. Acta Obstet Gynecol Scand 1980, 95
(Suppl):57–63.

25. Thompson WG: Comparison of tests for diagnosis of iron depletion in
pregnancy. Am J Obstet Gynecol 1988, 159:1132–1134.

26. Volpi E, De Grandis T, Alba E, Mangione M, Dall’Amico D, Bollati C:
Variations in ferritin levels in blood during physiological pregnancy.
Minerva Ginecol 1991, 43:387–391.

27. van den Broek NR, Letsky EA, Shenkin A: Iron status in pregnant women:
which measurements are valid? Br J Haematol 1998, 103:817–824.

28. Tam KF, Lao TT: Haemoglobin and red cell indices correlated with serum
ferritin concentration in late pregnancy. Obstet Gynecol 1999, 93:427–431.

29. Casanova BF, Sammel MD, Macones GA: Development of a clinical
prediction rule for iron deficiency anemia in pregnancy. Am J Obstet
Gynecol 2005, 193:460–466.

30. Petraglia B, da Silva LGP, de Rezende Filho J, Netto HC, Montenegro CAB:
Avaliação dos valores eritrocitários no ciclo grávido-puerperal. J Bras
Ginecol 1994, 1014:139–144.

31. van Buul EJ, Steegers EA, Jongsma HW, Eskes TK, Thomas CM, Hein PR:
Haematological and biochemical profile of uncomplicated pregnancy in
nulliparous women; a longitudinal study. Neth J Med 1995, 46:73–85.

32. Milman N, Byg KE, Agger AO: Haemoglobin and erythrocyte indices
during normal pregnancy and postpartum in 206 women with and
without iron supplementation. Acta Obstet Gynecol Scand 2000, 79:89–98.

33. Beaton GH, McCabe GP: Efficacy of intermittent iron supplementation in the
control of iron deficiency anemia in developing countries - an analysis of
experience: final report to the Micronutrient Initiative (MI). Canada, Toronto:
MI/Canadian International Development Agency (CIDA); 1999.

34. Milman N: Iron and pregnancy – a delicate balance. Ann Hematol 2006,
85:559–565.

35. Bresani CC, Souza AI, Batista Filho M, Figueirôa JN: Anemia and iron
deficiency in pregnant women: disagreements among the results of a
cross-sectional study. Brazilian Journal of Mother and Child Health 2007, 7
(Suppl 1):15–22.

36. Knottnerus JA, Muris JW: Assessment of the accuracy of diagnostic tests:
the cross-sectional study. In The evidence base of clinical diagnosis. London:
BMJ books; 2002:39–59.

37. Beaton GH: Iron needs during pregnancy: do we need to rethink our
targets? Am J Clin Nutr 2000, 72(Suppl):265–271.

38. Souza AI, Batista Filho M, Bresani CC, Ferreira LOC, Figueirôa JN: Adherence
and side effects of three ferrous sulfate treatment regimens on anemic
pregnant women in clinical trials. Cad Saude Publica 2009, 25:1225–1233.

39. Associação Brasileira de Empresas de Pesquisa: Critério de Classificação
econômica Brasil. 2010. http://www.abep.org.

40. Atalah SE, Catillo LC, Castro SR, Aldea PA: Propuesta de un nuevo estándar
de evaluación nutricional de embarazadas. Rev Med Chil 1997,
125:1429–1436.

41. de Souza AI, Batista Filho M, Ferreira LOC, Figueirôa JN: The effectiveness
of three regimens using ferrous sulfate to treat anemia in pregnant
women. Rev Panam Salud Publica 2004, 15:313–319.

42. Mumtaz Z, Shahab S, Butt N, Abdur Rab M, De Muynck A: Daily iron
supplementation is more effective than twice weekly iron
supplementation in pregnant women in Pakistan in a randomized
double-blind clinical trial. J Nutr 2000, 130:2697–2702.

doi:10.1186/1471-2393-13-13
Cite this article as: Bresani et al.: Accuracy of erythrogram and serum
ferritin for the maternal anemia diagnosis (AMA): a phase 3 diagnostic
study on prediction of the therapeutic responsiveness to oral iron in
pregnancy. BMC Pregnancy and Childbirth 2013 13:13.

http://dx.doi.org/10.1002/14651858.CD003094.pub2
http://dx.doi.org/10.1002/14651858.CD009997.pub7
http://dx.doi.org/10.1002/14651858.CD009997.pub7
http://www.abep.org

	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Rationale for AMA study - phase III diagnostic accuracy study

	Methods/design
	Study aim and objectives
	Study design
	Study setting and period
	Participants/eligibility criteria
	Recruitment, procedures and instruments
	Intervention
	Follow-up and withdrawal criteria
	Studied tests (predictive variables)
	Gold-standard test (outcome variable)
	Confounding variables (secondary outcomes)
	Statistical issues
	Sample size
	Operational and data analysis
	Pilot study and interim analysis

	Ethical issues
	Financing

	Discussion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

