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ABSTRACT

Key words

Objective. To analyze the accuracy of hemoglobin (Hb) concentrations as a diagnostic in-
dicator of iron deficiency in pregnant women and to measure the efficacy of oral iron therapy
using Hb z-scores rather than Hb absolute values.

Methods. The sensitivity and specificity of Hb < 11.0 g/dL, and its receiver operating char-
acteristic (ROC) curve, in the diagnosis of iron deficiency (serum ferritin (SF) < 12.0 ng/mL)
were determined in 318 women in their second trimester of pregnancy who had been screened
for a clinical trial conducted in 2001 in Northeast Brazil. A secondary analysis of iron therapy
efficacy was carried out using data from the trial’s three different treatments (60 mg of oral
iron once per week (n = 46), twice per week (n = 50), and once per day (n = 44)). The mean
differences between post- and pre-treatment Hb absolute values (g/dL) and z-scores (standard
deviation (SD)) were calculated for the three treatment groups for study participants with and
without iron deficiency.

Results. Hb sensitivity, specificity, and area under the ROC curve were 60.7%,44.3%, and
0.54 respectively. Women without iron deficiency showed improvements in Hb absolute values
(as in the clinical trial’s overall results) but did not have improved Hb z-scores (with scores
of —0.6 SD (95% confidence interval (CI): —0.99,-0.28); 0.2 SD (95% CI: -0.47, 0.08); and
-0.1 SD (95% CI: —-0.33, 0.18) for weekly, twice-per-week, and daily iron treatment schemes
respectively). In contrast, iron-deficient women treated with the intermittent schemes had re-
ductions in both Hb absolute values and Hb z-scores, respectively: weekly = —0.42 g/dL (95%
CI: -0.72,-0.12) and —1.4 SD (95% CI: -1.74,-0.99); twice per week = —0.14 g/dL (95% CI:
—-0.46,0.17) and -1.1 SD (95% CI: -1.44, -0.75).

Conclusions. These analyses revealed that Hb concentrations were not an accurate indica-
tor of either iron needs or iron-therapy response in pregnant women.

Anemia, iron-deficiency; pregnancy; erythrocyte indices; sensitivity and specificity;
clinical trial; Brazil.
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Maternal anemia still has a high prev-
alence, affecting 50% of pregnant women
worldwide and 30% in Latin America (1,
2). Anemia during pregnancy has been
associated with several adverse perinatal
outcomes, including prematurity, low
birth weight, and maternal and perinatal
mortalities (1-9). Since the 1980s, iron

supplementation during pregnancy has
been widely recommended as a health
policy to control anemia (10, 11), based
on the assumption that low hemoglobin
(Hb) concentrations would be a proxy of
iron-deficiency anemia (11). However,
several studies conducted in pregnant
women have shown not only that ane-
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mia has multiple causes but also that
Hb levels have low correlation with
maternal body iron deficiency (12-18).
Although serum ferritin (SF) is the most
accurate biomarker of body iron stores
in pregnant women (18-20), it is unde-
rutilized in clinical practice and trials
(21, 22). Diagnostic misclassification re-
sulting from the use of the Hb criterion
(concentration levels < 11.0 g/dL) in the
selection of patients for iron therapy
could lead to low therapeutic efficacy in
clinical sets (19, 21, 22), as well as ineffec-
tive control programs (1, 11, 23).

Moreover, physiological fluctuations
in Hb values could bias the measure-
ment of therapeutic efficacy during
pregnancy. Homeostatic hemodilu-
tion throughout pregnancy induces a
variation in Hb and hematocrit levels
(12-18), leading to a U-shaped curve
with a nadir between the 24th and 28th
gestational weeks (9, 24-27). Consider-
ing this phenomenon, Beaton & McCabe
(22) employed the z-scores to adjust the
Hb values according to the gestational
age in several trials using oral iron in
pregnant women and showed strikingly
different results when compared to the
therapeutic effects previously reported.
The z-score quantifies (in standard de-
viation (SD) units) the difference be-
tween an observed Hb value and the
reference mean for a specific gestational
week derived from the Hb distribu-
tion curve found in iron-supplemented
healthy women from Europe and North
America (28).

Even though Hb z-scores can mea-
sure the erythrocyte mass more precisely
than absolute Hb values throughout the
gestational period, by taking into ac-
count the hemodilution distortion on Hb
values, the former method has received
little attention from those comparing
iron treatments in clinical trials (21, 22).
The dissenting results produced by the
two different methods can be seen in
two studies described in a recent meta-
analysis on maternal iron-deficiency
anemia treatments (21) that compared
daily and intermittent schemes of oral
iron treatment (29, 30). The first study,
by Mumtaz et al. (29), measured the
treatment outcomes using Hb z-scores,
while the second study by Souza et al.
(30) used Hb absolute values and found
different results.

This study analyzed the Souza et al.
(30) clinical trial databank with two ob-
jectives: 1) to estimate the accuracy of Hb
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for iron-deficiency diagnosis in the study
population screened for the trial and
2) to reanalyze and measure the efficacy
of the three iron therapy schemes used in
the trial based on Hb z-scores rather than
Hb absolute values.

MATERIALS AND METHODS
Study protocol

A diagnostic validation analysis was
performed using data for 318 pregnant
women screened for a clinical trial con-
ducted in 2001 by Souza et al. (30) at a
prenatal care center in an urban city in
Northeast Brazil. In addition, among 150
anemic women enrolled for the oral iron
therapies, a treatment efficacy reanalysis
was undertaken introducing two new
variables: 1) SF pretreatment values and
2) pre- and post-treatment Hb values ad-
justed by the z-score according to the ges-
tational week. The full protocol of the pri-
mary clinical trial is available elsewhere
(30), as well as the data on therapeutic
compliance and adverse effects (31).

Of the 347 screened women with low-
risk pregnancy, 180 (55%) had anemia
according to the World Health Organi-
zation (WHO) criterion (Hb < 11.0 g/dL)
(11). The mean age was 22 years and the
mean gestational age was 17 weeks at
diagnosis. A total of 150 anemic women
agreed to participate and were randomly
allocated into three treatment groups
with different schemes for treatment
with ferrous sulphate pills (60 mg of
elementary iron) (group 1, one pill
weekly (n = 48); group 2, one pill twice
per week (n = 53); group 3, one pill daily
(n = 49)) and without supplementa-
tion with any other micronutrient. The
women were treated for 16 (+ 1) weeks
and submitted to Hb measurements at
enrollment and at the 8th and 16th
weeks of follow-up (30).

The erythrogram was taken using
the cyanmethemoglobin method and
a Coulter T890® automated cell coun-
ter (Beckman Coulter, Brea, California,
USA). The SF was measured using the
enzyme-immunoassay (EIA) method
and a COBAS Core Ferritin EIA device
(Roche SA, Basel, Switzerland) and a
measurement zone between zero and
1 200 ng/mL. This method is calibrated
according to WHO international stan-
dards (IS 80/602) by the National Insti-
tute for Biological Standards and Control
(Hertfordshire, England).
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Analysis of the accuracy of
Hb versus SF

Among the 347 screened pregnant
women, 318 had SF pretreatment results
available for this analysis, which was
a sufficient number to estimate a sen-
sitivity of 90% (+ 9%) and a specificity
of 80% (+ 8%), with a relative error of
10%, assuming a 50% frequency for iron-
deficiency anemia in the local popula-
tion (2, 30). The agreement (kappa test),
sensitivity, specificity, and predictive
values of Hb pretreatment according to
WHO'’s cutoff point (Hb < 11.0 g/dL)
were estimated against SF pretreatment
as a gold standard for iron-deficiency
diagnosis (11). SF values under 12.0 ng/
mL were classified as iron deficiency
according to WHO and U.S. Centers for
Disease Control and Prevention (CDC)
recommendations (11, 28, 32, 33).

The discriminatory power of Hb was
verified by the receiver operating char-
acteristic (ROC) curve and represented
by the area under the curve (AUC). The
ROC curve plots the correlation between
sensitivity and 1-specificity of all test
values observed in a population distri-
bution and allows for evaluation of the
discriminatory power of the test to en-
able selection of the most accurate cutoff
point (34). In general, distinctions can be
made between non-informative (AUC =
0.5), less accurate (0.5 > AUC < 0.7),
moderately accurate (0.7 > AUC < 0.9),
highly accurate (0.9 > AUC < 1.0), and
perfect tests (AUC = 1.0) (34). A perfect
test has a cutoff point with both sensitiv-
ity and specificity at 100% (34).

Analysis of therapeutic efficacy using
Hb z-scores and SF stratification

Therapeutic efficacy reanalysis in each
treatment group employed z-scores to
measure the variation of Hb, overall and
within the SF pretreatment strata (< 12.0
ng/mL or > 12.0 ng/mL). The stratified
analysis was performed on 140 par-
ticipants tested for body iron deposits at
baseline among the 150 pregnant women
enrolled in the three treatment groups
(weekly (n = 46), twice per week (n =
50), and daily (n = 44)), as 10 women did
not comply with the SF measurement.
At the 16th week of follow-up, the mean
difference between Hb post- and pre-
treatment was estimated by Hb absolute
values (in g/dL) and z-scores (SD) for
each treatment group and SF stratum
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pretreatment. The Hb z-scores were ob-
tained from each woman according to
the curve proposed by Beaton & McCabe
(22). Along this curve, the Hb SD had to
be 0.9 g/dL at any gestational age. The
z-score was calculated using the follow-
ing equation: z-score = (observed Hb
minus the expected Hb mean)/SD (refer-
ence population). Therefore, each z-score
unit corresponds to one SD from the Hb
reference mean (22).

A two-tailed Student’s t-test was used
to assess the difference in therapeutic
response between the strata for each treat-
ment group, with the statistical signifi-
cance level set at 5%. The results were
robust to outliers, according to a test us-
ing a quantile regression model (35, 36)
in which the estimation is based on the
median rather than the mean. Data were
analyzed using Epi Info™ 6.04b (Centers
for Disease Control and Prevention, At-
lanta, Georgia, USA); Minitab 14.2 (State
College, Pennsylvania, USA); and Stata
9.2 (StataCorp LP, College Station, Texas,
USA). The study followed ethical prin-
ciples for medical research involving hu-
man subjects according to the Declaration
of Helsinki and received approval from
the ethics committee of the Instituto de
Medicina Integral Prof. Fernando Figueira
in Recife (#650/2005). Written informed
consent was obtained from all patients
before their admission into the study.

RESULTS
Accuracy of Hb versus SF

Table 1 shows the results distribution
of the Hb criterion (< 11.0 g/dL) versus
the gold standard for iron-deficiency
diagnosis (SF < 12.0 ng/mL). The fre-
quency of iron deficiency estimated by
the Hb criterion was 57% while the fre-
quency estimated by the SF criterion was
18%. Among pregnant women classified
as anemic according to the WHO Hb
criterion, 81% (146 out of 180) had body
iron stores at baseline (SF > 12.0 ng/mL).
Diagnostic agreement between both
tests occurred in 10.7% of cases (Cohen’s
kappa = 0.027; 95% confidence interval
(CI): -0.050, 0.103). Based on the results
in Table 1, the accuracy parameters were
estimated. The Hb criterion showed a
sensitivity of 60.7% (95% CI: 46.8, 73.5);
a specificity of 44.3% (95% ClI: 38.2, 50.5);
accuracy of 47.2% (95% CI: 41.7, 52.7);
positive predictive value of 18.9% (95%
CIL: 13.5, 25.4); and negative predictive
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TABLE 1. Distribution of hemoglobin and serum ferritin (SF): results among 318 women in
second trimester of pregnancy, Recife, Pernambuco, Brazil, 2000-2001

Iron deficiency (SF < 12.0 ng/mL)

Hemoglobin level Present (%) Absent (%) Total (%)
Low (< 11.0 g/dL) 34 (10.7) 146 (45.9) 180 (56.6)
Normal (> 11.0 g/dL) 22 (6.9) 116 (36.5) 138 (43.4)
Total 56 (17.6) 262 (82.4) 318 (100)

FIGURE 1. Receiver operating characteristic (ROC) curve of hemoglobin concentration for
diagnosis of iron deficiency among 318 women in their second trimester of pregnancy, Recife,

Pernambuco, Brazil, 2000-2001
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value of 84.1% (95% CI: 76.9, 89.7). The
Hb ROC curve was less accurate for
diagnosis of iron deficiency (AUC = 0.54
(95% CI: 0.46, 0.63)) (Figure 1).

Therapeutic efficacy using Hb
z-scores and SF stratification

Table 2 shows overall and stratified
therapeutic responses assessed by Hb
absolute values and z-scores in each
treatment group. For overall therapeutic
response, the mean differences in ab-
solute values of Hb indicated positive
effects with twice-per-week and daily
treatments, but the effects on z-scores
were negative after the intermittent
treatments (twice per week or weekly).
Among those with the higher level of
stored iron (SF > 12.0 ng/mL), the strati-
fied therapeutic analyses showed that
the mean differences in Hb absolute val-

ues were positive, similar to the overall
therapeutic responses obtained in the
primary analysis. However, among the
stratum with lower SF (< 12.0 ng/mL)
the results showed an inversion of that
effect among the groups who under-
went intermittent treatments (twice per
week or weekly). As shown in Table 2,
only the women with some stored iron
at baseline (SF > 12.0 ng/mL) treated at
least twice per week and those in both
strata treated with daily doses achieved
positive effects in their Hb values and
maintained their Hb z-scores.

DISCUSSION

The population studied in the current
research was screened for anemia in a
Brazilian study conducted before the im-
plementation of the National Iron Sup-
plementation Program (Programa Nacio-
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TABLE 2. Therapeutic responses in second-trimester pregnant women with and without iron deficiency (serum ferritin < 12 ng/mL) for three oral
iron therapy schemes, based on mean differences between post- and pre-treatment hemoglobin (Hb) concentrations (absolute values or z-scores),

Recife, Pernambuco, Brazil, 2000-2001

Stratified therapeutic response®

Oral iron

therapy Overall therapeutic response Iron deficiency No iron deficiency Iron deficiency No iron deficiency

scheme n Hbg/dL (ClB® PP Hbz-score SD°(Cl) Pd No. Hbg/dL(Cl) No. Hbg/dL(Cl) P! Hbz-scoreSD (Cl) Hbz-scoreSD (Cl) Pf

Weekly 48 0.1 0.314 -0.71 <0.001 9 -0.42 37 0.20 0.066 -1.4 -0.6 0.051
(-0.14, 0.42) (-1.02, -0.40) (-0.72,-0.12) (-0.12, 0.53) (-1.74,-0.99) (-0.99, -0.28)

Twice per 53 0.5 < 0.001 -0.33 0.008 7 -0.14 439 0.64 0.017 -1.1 -0.2 0.012

week (0.30,0.74) (-0.57,-0.09) (—0.46, 0.17) (0.39, 0.90) (—1.44,-0.75) (-0.47,0.08)

Daily 49 0.9 < 0.001 0.057 0.643 7" 1.5 379 0.75 0.023 0.8 0.1 0.016

(0.64, 1.08) (-0.19, 0.30) (0.49, 2.51) (0.51,0.98) (-0.35, 1.94) (-0.33,0.18)

2 Cl: 95% confidence interval.
b Primary results (30).
¢ SD: standard deviation.

d Student’s two-tailed t-test for statistical significance of mean difference for each therapy scheme.
e Results of reanalysis after excluding 10 observations without serum ferritin (SF) data.

f Student's two-tailed t-test for statistical significance of mean difference comparison between results for women with and without iron deficiency for each therapy scheme.

9 Women with iron stores (SF > 12 ng/mL) at baseline treated twice per week or daily that achieved positive effects in their Ho absolute values and maintained their Hb z-scores.
" Women with iron deficiency treated daily who achieved positive effects in their Hb absolute values and maintained their Hb z-scores.

nal de Suplementagdo de Ferro, PNSF) and
the fortification of wheat flour and corn
(37, 38). For that study, the frequency of
hypoferritinemia was lower than would
be expected in a context of severe magni-
tude of epidemiological anemia (11, 33)
and lower than estimated iron deficiency
reported by developed countries such
as the United States (39) and the United
Kingdom (40), which may reflect the
need to establish diagnostic criteria for
each population.

The accuracy analyses confirm the low
reliability of Hb for iron-deficiency diag-
nosis versus SF and the lack of compara-
bility between both tests as shown by the
low diagnostic agreement (41). Moreover,
the ROC curve indicated Hb had a low
discriminatory power for iron-deficiency
diagnosis; according to its AUC it would
not be possible to achieve both sensitiv-
ity and specificity above 50% at any Hb
cutoff point (34). The diagnostic accuracy
of other erythrocyte indices (red blood
cell count, hematocrit, mean corpuscular
volume, mean corpuscular hemoglobin,
and mean corpuscular hemoglobin con-
centration) was also tested in this study
population (results not shown) and their
AUCs were found to be between 0.45 (red
blood cell count) and 0.65 (mean corpus-
cular volume) (42).

These results show that even the use
of a cutoff point of 10.5 g/dL for the Hb
in the 2nd trimester, as recommended
by the CDC (28, 39) and the British Com-
mittee for Standards in Haematology
(40), would not be informative, in ac-
cordance with previous validation stud-
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ies of erythrocyte indices against SF in
pregnant women. Tam & Lao (12) and
Casanova et al. (17) found low sensitiv-
ity of Hb during pregnancy (64% (Hb
< 11.0 g/dL) and 43% (Hb < 9.6 g/dL)
respectively), as well as moderately ac-
curate ROC curves with AUCs of about
0.7 for all erythrocyte indices. Recently,
Mei et al. reported 16% sensitivity of
Hb according to the ratio transferrin
receptor to SF, based on a representative
sample of pregnant women from the
U.S. population (39).

Low levels of Hb have been consid-
ered a proxy of iron-deficiency anemia
in population surveys and have been
proposed as a screening test in pregnant
women based on the assumption that
such test would have high sensitivity
(11). However, evidence points to the
inadequacy of using Hb absolute values
as a unique and invariable diagnosis
criterion during pregnancy (12, 13, 17,
18). In the current study, almost 40%
of the women with deficient body iron
stores (SF < 12 ng/mL) (22 out of 56;
Table 1) were not selected to receive iron
therapies because they had normal Hb,
and only 16% of the women who under-
went treatments (23 out of 140; Table 2)
had low SF. These diagnostic misclas-
sifications are a potential source of selec-
tion bias and might have contributed to
the low cure rates (approximately 50%)
found in the primary analyses by Souza
et al. (30). They might also help explain
similar findings from other clinical trials
with oral iron therapy in pregnancy (21,
22,24, 27).

Furthermore, measurements of the
increase in Hb levels after iron treat-
ments are prone to distortions during
pregnancy due to the hemodilution phe-
nomenon (22, 24, 27). A recent trial by
Roberfroid et al. (24) concluded that,
despite the iron doses (30 mg versus 60
mg), micronutrient intake did not pre-
vent anemia (which was 51%) in the 3rd
trimester of pregnancy, partly because
of physiologic hemodilution. Therefore,
when Hb values are adjusted for the ges-
tational physiologic curve by z-scores,
the therapeutic effects can be worse than
those indicated by Hb absolute values,
as observed in Beaton & McCabe’s meta-
analysis (22). In a recent Cochrane meta-
analysis (21), only two clinical trials
compared daily and intermittent iron
therapies in pregnant women (29, 30).
A study by Mumtaz et al. (29) was the
only one to apply Hb z-scores among 23
reviewed clinical trials and found results
supporting the daily posology. On the
other hand, the trial conducted by Souza
et al. (30) that used absolute Hb values
as the criterion for indicating iron treat-
ments and for evaluating their therapeu-
tic efficacy found favorable results for
intermittent therapies.

Therefore, the current study analyzed,
retrospectively, the data from the thera-
peutic trial conducted by Souza et al.
(30), considering pretreatment body iron
stores and the adjustment of the Hb val-
ues for the gestational week. The simi-
larity between the positive effects of the
twice-per-week and daily posology ob-
served by the primary analyses (30) was
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not observed in these secondary analy-
ses, suggesting a detrimental effect in
pregnant women who underwent the in-
termittent treatment schemes, meaning-
ful in the iron-deficient stratum, which
had an opposite effect direction. The
current findings match those of Beaton
& McCabe (22) and Mumtaz et al. (29),
which demonstrated greater therapeutic
efficacy with the daily treatment versus
the intermittent oral iron doses when
using the Hb z-score methodology to
evaluate the outcomes.

The demonstration of the poor ac-
curacy of Hb levels as the criterion for
patient selection for this trial was also
coherent with the worst therapeutic re-
sponse disclosed in the current study’s
efficacy reanalysis, probably because the
selection bias resulted in a study popu-
lation with low iron needs. Moreover,
while Beaton & McCabe (22) demon-
strated that the hemodilution phenom-
enon can interfere with inter-study com-
parability, the current findings indicate
that it may also affect the comparison
between different treatments within the
same study (intra-study comparability).
The most striking finding, however, was
the negative or neutral effect of all thera-
peutic schemes after adjusting the Hb
values according to the gestational week
by the z-score method.

This seemingly dissenting result may
reflect distortions from the hemodilu-
tion on the longitudinal observation of
Hb values during the follow-up period
between the indication and the assess-
ment of the outcomes. The mean of the
participants” gestational age at the time
of enrollment in the trial was 17 weeks
and the women were followed for 16
weeks (30), a period that could have
coincided with the ascendant loop of the
Hb physiological curve (24-28), as can be
seen in Figure 2 from Beaton & McCabe
(22) that simulates how iron therapies
could behave during different periods of
pregnancy. Hence, the positive primary
findings for Hb absolute values could be
largely attributable to a physiological ef-
fect, as the sample was composed mainly
of women with iron stores at baseline
who showed a non-increase of Hb
z-scores when undergoing iron therapy.
In addition, the non-improvement in
these women'’s Hb z-score could indicate
the presence of other causes of anemia
(beyond “physiological anemia”), such
as infections and other nutritional defi-
ciencies (27, 28, 40).
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FIGURE 2. lllustrative effect of varying the gestational age of start and duration of iron therapy
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8).

Limitations

Limitations of this study might be
related to a counterpoint to the above
interpretations, which is the increas-
ing magnitude of the effects with the
increasing posology of iron therapy in
both the absolute values and z-scores
of Hb. There is insufficient evidence
on cutoff points of SF to differentiate
iron-deficient and iron-sufficient preg-
nant women (13, 27, 33). Therefore,
there could be some level of functional
iron deficiency in the women that were
studied that could make them some-
how iron-responsive regardless of the
SF stratification (11, 33). After WHO's
standardization for human ferritins for
immunoassays in 1985, a study by van
den Broek et al. (in which half of the
pregnant women had human immu-
nodeficiency virus (HIV)) showed SF <
30 ng/mL had 90% sensitivity and 85%
specificity against the iron in the bone
marrow but 34% sensitivity and 94%
specificity at a cutoff point of 12 ng/
mL (13). To address this possibility, the
current analyses were performed again
using the cutoff point of 30 ng/mL, a
criterion recommended by the British
Committee for Standards in Haematol-
ogy (40), and the ROC curves of eryth-
rocyte indices and therapeutic effects
were not modified (results not shown).

Other limitations include the fact that
the Hb z-scores were calculated using

a reference curve for North American
and European pregnant women (22, 28),
which may not be relevant to the Brazil-
ian population due to its ethnic hetero-
geneity. The use of a control in the trial
could have helped limit the effect of this
local factor, but this was not considered
at the time of the study (30). In addi-
tion, the number of pregnant women
with SF < 12 ng/mL was low, which
may have affected the precision of the
results, along with the long period of
time that has elapsed since the comple-
tion of the trial. Nevertheless, the main
aim of these analyses was to investigate
intra-study distortions when using Hb
absolute values as a diagnostic or cu-
rative criterion in pregnancy. Hence,
the methodological rationale used in
this report guided the protocol of the
authors’” most recent diagnostic trial,
which was published elsewhere (43) and
may enable studies with wider samples
from other populations to improve the
external validity and applicability of the
results on the usefulness of Hb and SF to
detect iron needs in pregnant women, as
stressed in the most recent WHO guide-
lines (32, 33).

Conclusions
Regardless of its limitations related to
temporality, the current study showed

the diagnostic inaccuracy of Hb for ma-
teral iron deficiency, which can result in
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the nontreatment of iron-deficient preg-
nant women or the treatment of iron-
sufficient pregnant women, and thus
limit and distort reported results on iron-
therapy efficacy. Therefore, the physi-
ological curve of Hb and new biomarkers
of iron metabolism must be addressed in
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RESUMEN

Precision diagnéstica de los
valores de hemoglobina para
determinar la carencia de
hierro durante el embarazo:
revelacion de los resultados
de un estudio clinico citado

Palabras clave

Objetivo. Analizar la precision de las concentraciones de hemoglobina (Hb) como
indicador diagndstico de la carencia de hierro en mujeres embarazadas, y medir la
eficacia del tratamiento con hierro por via oral empleando las puntuaciones z de Hb
en lugar de sus valores absolutos.

Métodos. Se determinaron la sensibilidad y la especificidad de un valor de Hb
< 11,0 g/dl, y su curva de eficacia diagnéstica (ROC, por sus siglas en inglés), en el
diagnéstico de la carencia de hierro (ferritina sérica [FS] < 12,0 ng/ml) en 318 mujeres
que estaban en su segundo trimestre de embarazo y habian sido sometidas a tamizaje
para un estudio clinico llevado a cabo en el noreste del Brasil el afio 2001. Se realizé
un analisis secundario de la eficacia del tratamiento con hierro mediante el empleo
de los datos de tres pautas de tratamiento diferentes incluidas en el estudio (60 mg de
hierro por via oral una vez por semana [n = 46], dos veces por semana [ = 50], y una
vez al dia [n = 44]). Se calcularon las diferencias medias entre los valores absolutos
(en g/dl) de Hb y las puntuaciones z (desviaciones estandar [DE]), posteriores y pre-
vios al tratamiento, correspondientes a los tres grupos de tratamiento de participantes
en el estudio con y sin carencia de hierro.

Resultados. La sensibilidad, la especificidad y el area bajo la curva ROC de la Hb
fueron de 60,7, 44,3 y 0,54%, respectivamente. Las mujeres que no tenian carencia de
hierro mostraron incrementos de los valores absolutos de Hb (de manera similar a los
resultados globales del estudio clinico) pero no presentaron mejores puntuaciones z
de Hb (puntuaciones de -0,6 DE [IC de 95%: —0,99, -0,28]; -0,2 DE [IC de 95%: -0,47,
0,08]; y -0,1 DE [IC de 95%: -0,33, 0,18], correspondientes a las pautas de ferroterapia
de una vez por semana, dos veces por semana y una vez al dia, respectivamente). Por el
contrario, las mujeres que tenian carencia de hierro y fueron tratadas mediante las pau-
tas intermitentes presentaron reducciones tanto de los valores absolutos como de las
puntuaciones z de Hb, respectivamente: una vez por semana = -0,42 g/dl (IC de 95%:
-0,72, -0,12) y -1,4 DE (IC de 95%: -1,74, —0,99); dos veces por semana = -0,14 g/dl
(IC de 95%: 0,46, 0,17) y —1,1 DE (IC de 95%: -1,44, —0,75).

Conclusiones. Estos analisis revelaron que las concentraciones de Hb no eran un
indicador preciso de las necesidades de hierro ni de la respuesta al tratamiento con
hierro en las mujeres embarazadas.

Anemia ferropénica; embarazo; indices de eritrocitos; sensibilidad y especificidad;
ensayo clinico; Brasil.
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