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Abstract

Background: Anaemia and iron deficiency are major public health problems with

great implications on quality of life.

Aims: To establish the general prevalence of anaemia and iron deficiency in the adult

Portuguese population and the prevalence by age, gender and region.

Methods: This was a population-based, cross-sectional study (EMPIRE study) based on

a representative sample of 7980 adults residing in mainland Portugal, which were

selected using a random route sampling method. Levels of haemoglobin, ferritin, creati-

nine and C-reactive protein were measured by Point-of-Care assays; participants also

completed a questionnaire about demography and medical history.

Results: The measured prevalence of anaemia was 19.9% (95% confidence interval:

19.0–20.8%); 84% of cases were previously undiagnosed. Anaemia was more preva-

lent among women (20.8%), young adults (18−34 years) (22.8–30.5%), older adults

(21.0%), and pregnant women (54.2%). Anaemia varied across regions: from 15.5%

in the Center region to 24.9% in the South. Iron deficiency was also highly prevalent:

16.7% (ferritin <15 ng/mL), 31.9% (<30 ng/mL), 53.3% (<50 ng/mL) and 84.3%

(<100 ng/mL). Iron deficiency anaemia represented most anaemia cases: 29.0% (ferri-

tin <15 ng/mL), 54.8% (<30 ng/mL), 75.4% (<50 ng/mL) and 92.5% (<100 ng/mL).

Conclusion: Anaemia and iron deficiency are highly prevalent in Portugal and

largely undiagnosed. Women, young adults and older individuals are more prone

to present these conditions and there are marked regional asymmetries. Nationwide

strategies for prevention, diagnosis and treatment of these conditions should be

implemented.

Introduction

Anaemia, a major public health problem affecting nearly
25% of the world population, has great implications on
quality of life.1–8 It can occur during all ages, but it particu-
larly affects young children (≤5 years) and women, espe-
cially during pregnancy.1,9–12 The prevalence, being ≥20%
in developing countries (most of Africa, Asia and South
America), represents a significant public health problem.1

Anaemia, characterised by reduced red blood cell
count, leads to impaired oxygen delivery to tissues.13,14

This is mainly due to one (or more) of three causes:
increased or decreased red blood cell production or blood
loss. There are many causes of these processes: nutri-
tional deficiencies (e.g. iron, vitamin B12 and folate)13,15

and genetic disorders (e.g. thalassaemia)13,16 as well as
many medical conditions (e.g. infections, cancer and
autoimmune disorders).13,17,18

Iron deficiency, the leading aetiology of anaemia, is
generally assumed to account for more than half of the
cases worldwide.19,20 In fact, iron deficiency is by itself
the most common nutritional disorder, being prevalent
even in industrialised nations.19,20 In developed coun-
tries, iron deficiency is normally caused by insufficient
dietary iron intake or by conditions that cause either iron
loss or decreased iron absorption.21,22 It also occurs in
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northern Europe23,24 mainly due to the low intake of
meat and vegetables and the high intake of dairy pro-
ducts, which reduces iron absorption.22 In countries
using Mediterranean diets (includes a high intake of
meat, fruits and vegetables), iron deficiency is thought to
be less prevalent.22 In developing countries where iron
deficiency is very common due to malnutrition and poor
dietary iron intake,25,26 infections/infestations contribute
to make the issue a major public health problem.19

Iron deficiency is more likely to occur when require-
ments are increased, such as during periods of rapid
growth (children and adolescents). Female adolescents
are even more prone because of menstrual bleeding and
reduced dietary iron intake.20,22,27–31 Additionally,
women of reproductive age and particularly pregnant
women have a high risk of iron deficiency.20,22,27 Even
without anaemia, iron deficiency can cause deleterious
effects: impairment of cognitive development and per-
formance, reduced working capacity (especially physical
labour) and increased maternal mortality.19

In Portugal, there are no data regarding the prevalence
of anaemia and iron efficiency, although the World
Health Organization (WHO) estimates the prevalence of
anaemia in the general population to be approximately
15%.1 Hence, this study aims to establish the extent of
the problem in the Portuguese adult population and the
prevalence by age, gender and region. An additional aim
is to raise public awareness in this country.

Methods

Study design and setting

This epidemiological, cross-sectional, population-based
study (the EMPIRE study) was conducted in mainland
Portugal from March to July 2013. All efforts were made
to ensure the representativeness of the study population,
including the sample size calculation and sampling
method (fully described in the following sections).
Participants were interviewed at their residencies dur-

ing week days from 10:00 am to 9:30 pm. During the
interview, levels of relevant biomarkers were measured,
and the participants completed a questionnaire about
demography and medical history.
All members of the independent team conducting the

interviews were healthcare professionals (mainly
nurses), with training on inquiry techniques and on the
study materials.
The study received favourable opinion by the Ethics

Committee of the NOVA Medical School/Faculdade de
Ciências Médicas, Universidade Nova de Lisboa, Lisbon,
Portugal. The study protocol and data collection forms
received approval from the Portuguese National Data

Protection Committee (CNPD, Lisbon, Portugal). Partici-
pants provided their oral informed consent before any
study procedure was conducted.

Study sample and selection of subjects

The study enrolled adults (≥18 years old) residing in
mainland Portugal who were willing and consented to
participate. The autonomous regions of Madeira and
Azores were not included in the study due to logistic
constraints (i.e. difficulties in conducting the study on
the several islands that constitute these regions).
To obtain a representative sample of the Portuguese

population, an area-random route-sampling method
consisting of two steps was employed.32 First, the Portu-
guese population was stratified into four regions: North,
Center, Lisbon and Tagus Valley and South, which
represent the current distribution of the mainland
Portuguese population. Within each region, municipali-
ties representative of the geographic and demographic
characteristics were selected based on data from the 2011
Portuguese National census, made available by the
National Institute of Statistics (INE). The study was con-
ducted in a total of 45 representative municipalities; the
number of interviews conducted within each municipal-
ity was calculated based on data from the 2011 Portu-
guese National census.33

Second, in each municipality, a random route with
turns to the right and left from a starting point (city hall,
church, etc.) was defined. At the first street, the inter-
viewer went to the first house on the right. In the case of
apartment buildings, the interviewer went to the right
ground-floor apartment, then the left first floor apart-
ment and so on up to the last floor of the building. Then,
the interviewer went to the second house on the left. In
the case of apartment buildings, the interviewer went to
the left ground-floor apartment, then the right first floor
apartment and so on up to the last floor of the building.
This process was repeated up to the turning points
defined by the route and then was repeated at each new
street.
Once the households were selected, all members

≥18 years old were invited to participate. Once partici-
pants provided their oral informed consent, they were
asked to complete the study questionnaire, and the
study-related measurements were undertaken.

Assessments

Demographics and medical history

Study participants were asked to complete a question-
naire about demographic and anthropometric
characteristics, dietary habits, medical history (with
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emphasis on surgeries and cancer diagnosis), known life-
style risk factors, diagnosis and symptoms of anaemia
and current therapies. Research staff assisted subjects
with low literacy skills.

Biomarkers: haemoglobin, ferritin, creatinine,
C-reactive protein

Relevant biomarkers were measured through capillary
puncture using point-of-care testing devices. Haemoglo-
bin levels were measured using CERA CHEK Hb Plus
(Ceragem Medisys, Chungnam, South Korea). Ferritin
and C-reactive protein levels were determined using
VEDALAB EASY READER (Veda Lab, Alençon, France).
Creatinine levels were measured using CardioCheck PA
(Polymer Technology Systems, Inc, Indianapolis, IN,
USA). All tests have been properly validated by the
manufacturer.

Definition of anaemia

The WHO haemoglobin thresholds were used to identify
anaemic participants: haemoglobin levels <13 g/dL for
men, <12 g/dL for non-pregnant women and <11 g/dL
for pregnant women in the first and third trimesters and
<10.5 g/dL in the second trimester. Corrections for alti-
tude were not implemented as no interviews were con-
ducted at altitudes higher than 1000 meters, reflecting
the population distribution in mainland Portugal.

Definition of iron deficiency

Iron deficiency was classified according to different cut-
off levels of ferritin: <15 ng/mL, <30 ng/mL, <50 ng/mL
and <100 ng/mL, considering the different cut-offs of
ferritin proposed overtime.19,34–38 All iron deficiency
analyses were conducted for these four different levels.

Statistical methods

This study was designed to obtain representative esti-
mates of the prevalence of anaemia and iron deficiency
in the adult Portuguese population. A sample size of
7890 subjects was calculated, assuming an estimated
prevalence of anaemia of 15% (WHO estimates)1 and
considering a significance level of 5%, an error margin
lower than 2.5% in each of the four regions of the coun-
try and an error margin lower than 1% for the country.

Descriptive statistics were employed for all variables.
Relative frequency distributions for categorical variables
were expressed as percents; distribution indicators for
quantitative variables were expressed as mean, median,
standard deviation, minimum and maximum. Demo-
graphic, anthropometric and clinical variables under-
went bivariate analysis. An independent sample t-test
and chi-square test were used as appropriate. For each

estimated prevalence, the respective 95% confidence
interval (CI) was also calculated. Statistical analyses were
performed at a 5% significance level.

Analyses were conducted using SPSS for Windows, ver-
sion 16.0 (SPSS Inc., Chicago, IL, USA); 95% CI for the
estimated prevalence was calculated using OpenEpi, ver-
sion 3.01.39

Results

Study population

A total of 10 572 adult Portuguese residents was invited
to participate in the study. Of those, 7890 agreed to par-
ticipate, representing a 75% acceptance rate.

The study population comprised 3731 men (47%).
The mean (SD) age was 47.4 (18.7) years; most partici-
pants were aged 18–64 years (79.5%).

Approximately, one third of participants (34.4%)
reported having 12 years of schooling; 19.0% had a col-
lege degree and 21.8% had 4 or fewer years of formal
education. About half the study population was profes-
sionally active (53.7%); 15.3% were unemployed; 9.1%
were students and 21.9% were retired.

A few participants reported having a restricted diet:
2.4% were vegetarian; 0.1% were ovolactovegetarian
and 0.1% were vegan. The vast majority had an unre-
stricted diet (97.5%). One per cent of participants
reported a surgical procedure within 3 months of enroll-
ment in the study. The percentage of participants with
an infectious or inflammatory disorder at the time of the
study was 4%.

Prevalence of anaemia

The overall measured prevalence of anaemia was 19.9%
(95% CI: 19.0–20.8%), but 84% of anaemic participants
reported never having had a diagnosis of anaemia.
When considering those participants under treatment
with iron, folate or vitamin B12 as anaemic independent
of their haemoglobin level, the ‘actual’ prevalence of
anaemia was raised to 20.6% (95% CI: 19.7–21.5%).

Table 1 shows the prevalence of anaemia in specific
groups of the study population. Anaemia was signifi-
cantly more prevalent among women (20.8% vs 18.9%;
P < 0.034), especially pregnant women (54.2%). The
elderly also tended to a have a higher prevalence of
anaemia (21.0% vs 19.6%; P = 0.198).

Figure 1A depicts the prevalence of anaemia according
to gender and age groups. Women presented higher
prevalence of anaemia up to the age of 65, but in the
elderly (≥65 years,) anaemia was more prevalent among
men. It is noteworthy that anaemia was more prevalent
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in young adults (<35 years), the numbers being
particularly striking in younger women: 30.5% in
women aged 18–24 years and 27.6% in women aged
25–34 years.

The estimated prevalence of anaemia varied signifi-
cantly (P < 0.001) between the different regions of the
country (Fig. 2A). Anaemia was more prevalent in the
South (24.9%) and in Lisbon and Tagus Valley (23.9%)
than in the Center (15.5%) and in the North (17.9%).
Table 2 shows the measured prevalence of anaemia

according to participants’ characteristics. Anaemia was
more prevalent among participants with body mass
index (BMI) <18.5 kg/m2. It varied between the differ-
ent education levels, with higher prevalence among
those with no formal qualifications (25.8%) and those
with a 12-year scholarship (23.5%).
Participants with an unrestricted diet had a prevalence

of anaemia compatible with general population esti-
mates. Vegetarians had, however, a considerably higher
prevalence of anaemia (26.5%). Ovolactovegetarians

Table 1 Measured prevalence of anaemia in the study population

Population groups Prevalence of anaemia, %
(95% CI)

Total population (n = 7890) 19.9 (19.0–20.8)
Men (n = 3731) 18.9 (17.6–20.1)
Women (n = 4159) 20.8 (19.6–22.0)
Pregnant women (n = 59) 54.2 (41.5–66.6)
Non-pregnant fertile women
(n = 2445)

20.7 (19.2–22.4)

Elderly ≥65 years old (n = 1617) 21.0 (19.1–23.1)

Figure 1 Measured prevalence of anaemia (A)

and iron deficiency (B) in the study population

by age and gender. Error bars represent 95%

confidence intervals.
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and vegans also displayed a high prevalence of anaemia;
however, only a few participated in the study (n = 10
and n = 2 respectively).

Prevalence of iron deficiency

Iron deficiency (as measured by ferritin levels) was pres-
ent in considerable portions of the study population. The
overall measured prevalence of iron deficiency was
16.7% (95% CI: 15.7–17.4%) for ferritin <15 ng/mL,
31.9% (95% CI: 30.8–32.9%) for ferritin <30 ng/mL,
53.3% (95% CI: 52.2–54.4%) for ferritin <50 ng/mL
and 84.3% (95% CI: 83.5–58.1%) for ferritin
<100 ng/mL.

Table 3 shows the measured prevalence of iron defi-
ciency in specific groups of the study population, and

Figure 1B depicts the prevalence of anaemia according
to gender and age groups. Similar to anaemia, iron defi-
ciency was more common among women for all ferritin
cut-off levels, reaching a striking prevalence of 40.7%
among pregnant women at a ferritin cut-off of 15 ng/
mL. The elderly also presented a consistently higher
prevalence of iron deficiency.

The measured prevalence of iron deficiency according
to participants’ characteristics is also shown in Table 2.
Generally, for all ferritin cut-off levels previously
defined, iron deficiency followed similar patterns to
those of anaemia. Participants with BMI <18.5 or
≥40 kg/m2 showed a higher prevalence of iron defi-
ciency. Vegetarians were more prone to present iron
deficiency in comparison to individuals with unrestricted
diets.

Figure 2 Measured prevalence of anaemia (A) and iron deficiency anaemia (B–D) in the study population by region of the country. Error bars repre-

sent 95% confidence intervals.

© 2016 Royal Australasian College of Physicians474

Fonseca et al.



Prevalence of iron deficiency anaemia

The prevalence of anaemia attributable to iron deficiency
identified in this study (i.e. participants with both anae-
mia and iron deficiency) is considerably high for all ferri-
tin cut-off levels. The overall estimated prevalence of
iron deficiency anaemia was 5.8% (95% CI: 5.3–6.3%)
for ferritin <15 ng/mL, 10.9% (95% CI: 10.3–11.6%) for
ferritin <30 ng/mL, 15.0% (95% CI: 14.2–15.8%) for
ferritin <50 ng/mL and 18.4% (95% CI: 17.40–19.4%)
for ferritin <100 ng/mL.
Table 4 shows the measured prevalence of iron defi-

ciency anaemia in specific groups of the study

population. For all ferritin levels, women presented a
higher prevalence of iron deficiency anaemia; pregnant
women presented a remarkably high prevalence of iron
deficiency anaemia, with all anaemic pregnant women
in the study presenting ferritin <100 ng/mL. It is also
noteworthy that iron deficiency anaemia was not partic-
ularly prevalent among the elderly in contrast to anae-
mia and iron deficiency alone.
Iron deficiency anaemia varied between the different

regions of the country (as depicted in Figure 2B–D) and
in this case, followed somewhat different patterns than
all-cause anaemia. In the Center and South regions, the

Table 2 Measured prevalence of anaemia and iron deficiency according to demographic and clinical characteristics of participants

Characteristic Prevalence of anaemia, % (95% CI) Prevalence of iron deficiency, % (95% CI)

Ferritin <15 ng/mL Ferritin <30 ng/mL Ferritin <50 ng/mL

Age
18–64 years (n = 6267) 19.6 (18.6–20.6) 16.5 (15.6–17.4) 31.5 (30.3–32.6) 52.7 (51.5–53.9)
≥65 years (n = 1617) 21.0 (19.1–23.1) 17.0 (15.2–18.9) 33.5 (31.3–35.9) 55.7 (53.3–58.1)

Race/ethnicity
Caucasian (n = 7661) 19.8 (18.9–20.7) 16.4 (15.6–17.3) 31.7 (30.7–32.8) 53.2 (52.1–54.3)
Black (n = 195) 22.6 (17.1–28.8) 21.5 (16.2–27.7) 38.5 (31.8–45.4) 57.4 (50.4–64.2)
Indian (n = 17) 23.5 (8.0–47.5) 23.5 (8.0–47.5) 35.3 (15.7–59.5) 64.7 (40.5–84.3)
Asian (n = 17) 23.5 (8.0–47.5) 17.7 (4.7–40.9) 23.5 (8.0–47.5) 58.8 (35.0–79.9)

Body mass index (kg/m2)
<18.5 (n = 90) 30.0 (21.2–40.1) 24.4 (16.4–34.1) 60.0 (49.6–69.7) 77.8 (68.3–85.5)
18.5–24.9 (n = 3856) 20.4 (19.1–21.7) 20.2 (18.9–21.4) 35.1 (33.6–36.7) 56.0 (54.4–57.5)
25.0–29.9 (n = 3096) 18.3 (17.0–19.7) 12.5 (11.4–13.7) 26.7 (25.2–28.3) 48.3 (46.6–50.1)
30.0–39.9 (n = 564) 21.6 (18.4–25.2) 13.5 (10.8–16.5) 32.3 (28.5–36.2) 57.3 (53.2–61.3)
≥40 (n = 14) 21.4 (5.80–48.0) 14.3 (2.5–39.7) 42.9 (19.6–68.9) 64.3 (37.60–96.0)

Education
No formal qualification (n = 349) 25.8 (21.4–30.6) 9.7 (7.0–13.2) 32.1 (27.4–37.1) 63.6 (58.5–68.5)
4 years of schooling (n = 1339) 16.6 (14.7–18.6) 15.9 (14.0–17.9) 28.4 (26.0–30.8) 51.2 (48.6–53.9)
6 years of schooling (n = 648) 14.7 (12.1–17.5) 9.3 (7.2–11.7) 20.4 (17.4–23.6) 44.0 (40.2–47.8)
9 years of schooling (n = 1264) 15.3 (13.4–17.3) 11.8 (10.1–13.7) 23.4 (21.1–25.8) 46.2 (43.5–49.0)
12 years of schooling (n = 2654) 23.5 (21.9–25.2) 19.9 (18.4–21.5) 38.2 (36.3–40.0) 57.1 (55.2–59.0)
College degree (n = 1466) 19.9 (17.9–22.0) 19.4 (17.4–21.5) 35.5 (33.1–38.0) 56.2 (53.7–58.7)

Diet
Unrestricted (n = 7689) 19.7 (18.8–20.6) 16.2 (15.4–17.1) 31.3 (30.3–32.4) 52.8 (51.7–53.9)
Ovolactovegetarian (n = 10) 30.0 (8.3–62.0) 40.0 (14.2–70.9) 60.0 (29.1–85.8) 70.0 (38.0–91.7)
Vegetarian (n = 189) 26.5 (20.5–33.1) 29.1 (23.0–35.9) 51.3 (44.2–58.4) 73.0 (66.4–79.0)
Vegan (n = 2) 50.0 (2.5–97.5) 0.0 (0.0–77.64) 50.0 (2.5–97.5) 100 (22.4–100.0)

Table 3 Measured prevalence of iron deficiency in the study population

Population groups Prevalence of iron deficiency, % (95% CI)

Ferritin <15 ng/mL Ferritin <30 ng/mL Ferritin <50 ng/mL

Total population (n = 7890) 16.7 (15.7–17.4) 31.9 (30.8–32.9) 53.3 (52.2–54.4)
Men (n = 3731) 12.9 (11.9–14.0) 25.1 (23.8–26.6) 41.7 (40.1–43.2)
Women (n = 4159) 19.8 (18.7–21.1) 37.9 (36.4–39.4) 63.8 (62.3–65.2)
Pregnant women (n = 59) 40.7 (28.7–53.5) 62.7 (49.9–74.3) 83.1 (71.9–91.1)
Non-pregnant fertile women (n = 2445) 20.0 (18.4–21.6) 38.0 (36.1–40.0) 64.4 (62.5–66.3)
Elderly ≥65 years old (n = 1617) 17.0 (15.2–18.9) 33.5 (31.3–35.9) 55.7 (53.3–58.1)
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extent of anaemia explained by iron deficiency is consid-
erably lower than in other regions.

Overall, 29.0% of anaemic participants had ferritin
<15 ng/mL, 54.8% had ferritin <30 ng/mL, 75.4% had
ferritin <50 ng/mL and 92.5% had <100 ng/mL.

Discussion

Anaemia is highly prevalent in the adult Portuguese
population. About a fifth of the population is afflicted by
the condition, but 84% of those affected do not have a
diagnosis of anaemia and therefore are left untreated.
Iron deficiency anaemia accounts for a major proportion
of anaemia cases, which, depending on the ferritin cut-
off used, can range from 29.0% to 92.5% of all anaemia
cases.

The estimates for the prevalence of anaemia from our
study (19.9%) are above WHO estimates for Portugal
(15.0%).1 The WHO estimates were based on a regres-
sion model developed using prevalence data from other
countries and the classification on the United Nations
Human Development Index. According to these
regression-based estimates, anaemia in Portugal was
classified as a ‘mild public health problem’ for all popula-
tion groups (prevalence from 5.0% to 19.9%).1 How-
ever, according to the results of our study, a measured
prevalence of anaemia of 19.9% and an ‘actual’ preva-
lence of 20.6% is, in fact, already classified as a ‘moder-
ate public health problem’ (prevalence from 20.0% to
39.9%). For pregnant women (53.8%), it is even consid-
ered a ‘severe public health problem’ (prevalence
≥40.0%). The prevalence of anaemia estimated in this
study is also higher than WHO estimates for southern
European countries with similar socioeconomic develop-
ment, such as Spain, Italy or Greece. Nevertheless, for
these countries, there are no prevalence data; estimates
are all regression-based, and therefore, a similar under-
estimating phenomenon might be present.

In this study, iron deficiency was also found to be
highly prevalent. At a widely accepted ferritin cut-off of
15 ng/mL,36 about a sixth of the population was affected
by iron deficiency. Considering that ferritin <30 ng/

mL25,38,40 and even <50 ng/mL can already indicate
some degree of iron depletion,37,38 about half the popu-
lation might be currently affected by this ‘silent’ condi-
tion. These results are somewhat in line with studies
from other European countries. However, remarkably,
the patterns of prevalence measured in this study were
similar to those usually observed in northern Europe.20

In fact, iron deficiency was higher than what would gen-
erally be expected for a southern European country.

The differences observed between the regions of the
country might be due to the socioeconomic characteris-
tics of each region but are most probably associated with
nutritional differences. In a population-based nutritional
survey conducted in Portugal,41 more residents in the
North and Center regions reported maintaining a
healthy diet. Unpublished data from this study also show
an increased consumption of meat, fish and dairy pro-
ducts in these regions. This may help explain the
regional differences observed.

Some groups were more prone to have anaemia and
iron deficiency, namely, lower weight participants and
participants following restricted diets, probably due to
poor dietary iron intake. Participants with no formal
qualifications and 12 years of schooling also had a higher
prevalence of anaemia and iron deficiency, but the
results cannot be dissociated from age and gender distri-
butions in these groups; most individuals with no formal
qualifications are aged ≥65 years, whereas among parti-
cipants with 12 years of schooling, there is a remarkably
high proportion (approximately one third) of young
women. Black participants showed higher prevalence of
anaemia, as would be expected from epidemiological
data. However, the difference to Caucasian participants
is small compared to other studies due to the overall
higher prevalence of anaemia in the Caucasian popula-
tion identified in this study.42

This study had some limitations. First, as with all popu-
lation surveys, it depends on the individuals who are will-
ing to participate. Still, the acceptance rate was fairly high
(75%), and the demographic characteristics of the study
population closely followed the estimates obtained in the
2011 Portuguese census, with an exception of a trend for

Table 4 Measured prevalence of iron deficiency anaemia in the study population

Population groups Prevalence of iron deficiency anaemia, % (95% CI)

Ferritin <15 ng/mL Ferritin <30 ng/mL Ferritin <50 ng/mL

Total population (n = 7890) 5.8 (5.3–6.3) 10.9 (10.3–11.6) 15.0 (14.2–15.8)
Men (n = 3731) 5.1 (4.4–5.8) 9.4 (8.5–10.9) 13.4 (12.3–14.5)
Women (n = 4159) 6.4 (5.7–7.2) 12.3 (11.3–13.3) 16.4 (15.3–17.6)
Pregnant women (n = 59) 27.1 (17.0–39.5) 40.7 (28.7–53.5) 49.2 (36.6–61.8)
Non-pregnant fertile women (n = 2445) 6.7 (5.7–7.7) 12.4 (11.1–13.7) 16.7 (15.3–18.3)
Elderly ≥65 years old (n = 1617) 5.4 (4.4–6.6) 10.6 (9.2–12.2) 14.9 (13.2–16.7)
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under-representation of individuals with less years
of schooling in the study, which would be expected for
a epidemiological study with this type of methodology.33

Second, although the main study outcomes are related
to objective measurements based on blood biomarkers,
the study also included a questionnaire, which might
be subject to recall bias. Third, the study was designed
to be conducted in the adult population; children were
not included (mainly) due to ethical issues, but
given the known relevance of anaemia and iron
deficiency in this population group, further clarification is
warranted.
Nevertheless, this study demonstrates that there is a

public health issue that needs to be addressed. Nation-
wide strategies for the prevention, diagnosis and treat-
ment of these conditions need to be implemented, and
proper resource allocation is warranted. These strategies
should be targeted for at-risk population groups
(women, particularly pregnant women; young adults
and the elderly) and should also consider the regional
asymmetries observed. Given the relevance of iron defi-
ciency for the Portuguese population confirmed by this
study, nutrition education should have a crucial role
among the implemented strategies. Special consideration

should be given to pregnant women, who, according to
these results, are at a high risk to develop these condi-
tions. As iron supplementation is only started during the
second trimester in Portugal, early intervention
approaches must be considered. Given the benefits of
iron supplementation in pregnancy,43 other European
countries, such as the United Kingdom, have already
adopted iron supplementation throughout the entire
pregnancy for women with ferritin <30 ng/mL or at a
high risk of developing iron deficiency.44 Such an early
intervention approach might be warranted among preg-
nant Portuguese women.

Conclusion

Both anaemia and iron deficiency are relevant public
health problems in Portugal. Women, young adults and
older individuals are more prone to present these condi-
tions, and there are some interesting regional asymme-
tries that call for targeted intervention. Nationwide
strategies for the prevention, diagnosis and treatment of
these conditions will have to be implemented to target
this public health problem.
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