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We investigated the prevalence
and risk factors of anemia and iron
deficiency in 398 rural Amazonians
aged 5–90 years in Acre, Brazil. Ane-
mia and iron deficiency were diag-
nosed in 16% and 19% of the popu-
lation, respectively. Anemia was
likely to have multiple causes;
although nearly half of anemic
school children and women had al-
tered iron status indicators, only
19.7% of overall anemia was attrib-
utable to iron deficiency. Geo-
helminth infection and a recent ma-
laria episode were additional factors
affecting iron status indicators in
this population. (Am J Public Health.
2007;97:237–239. doi:10.2105/AJPH.
2005.078121)

Because global estimates for iron defi-
ciency prevalence are not available, anemia,
which affects 30% of the world population,1

has been used as an indicator of iron defi-
ciency and iron deficiency anemia. Hemoglo-
bin determination, however, is neither sensi-
tive nor specific as a screening test for iron
deficiency. The former occurs because a large
proportion of total body iron must be lost
before hemoglobin levels fall below the labo-
ratory definition of anemia.2 The low speci-
ficity stems from other causes of anemia, such
as other nutritional deficiencies, infections,
glucose-6-phosphate dehydrogenase (G6PD)
deficiency, and hemoglobinopathies.3–6

METHODS

We performed a cross-sectional survey in
the agricultural settlement known as Ramal
do Granada in Acre, Brazil (elevation, 100–
208 m above sea level). All 473 inhabitants
were invited to participate, and 467 (98.7%)
respondents in 113 households were enrolled.
Participants aged 5 years or older were in-
vited to contribute a 5 mL venous blood
sample and a stool sample. The 389 partici-
pants who provided blood samples (96.0% of
those eligible) comprised the study population
we analyzed.

Two experienced microscopists examined
Giemsa-stained, thick blood smears from 386
(95.3%) participants. Hemoglobin concentra-
tion in 388 (95.8%) participants was mea-
sured using a HemoCue photometer (Hemo-
Cue, Angelholm, Sweden), and anemia was
defined according to World Health Organiza-
tion cut-off values.6 Serum ferritin and soluble
transferrin receptor concentrations in 379
(93.6%) participants were measured using an
enzyme immunoassay (Ramco, Houston, TX).
The normal range of soluble transferrin recep-
tor levels, determined by the manufacturer, is
2.9–8.3 mg/L. A total of 356 (87.9%) partici-
pants were screened for G6PD deficiency
using the colorimetric method of Tantular
and Kawamoto (Dojindo, Kumamoto, Japan).7

Stool specimens from 363 (89.6%) partici-
pants were examined for intestinal parasites.8

We used principal component analysis to
derive a wealth index from information on
ownership of 13 household assets.9 We used
multiple linear regression analysis to describe
independent associations between concentra-
tions of hemoglobin, serum ferritin, and solu-
ble transferrin receptor (dependent variables)
and demographic, socioeconomic, and mor-
bidity covariates. We used natural log trans-
formation of serum ferritin to improve the fit
of linear regression models. We conducted
multiple unconditional logistic regression
analysis using SPSS, version 13.0 (SPSS Inc.,
Chicago, IL), to estimate adjusted odds ratios
(AORs) for associations between anemia and
the covariates. Attributable fractions3 were
estimated for risk factors for anemia associ-
ated with AORs significantly greater than 1
(P<.05); AORs were converted to adjusted
prevalence ratios, as previously described.10

RESULTS

Anemia (overall prevalence, 16%) was
most common in school children and women
(Table 1); no cases of severe anemia (hemo-
globin<70 g/L) were diagnosed. Anemia was
uniformly prevalent across all socioeconomic
strata (16.1% among the poorest and 18.2%
among the least poor). Iron deficiency was
found in 19% of subjects, with the highest
prevalence among school children and
women, but only 30% of iron-deficient sub-
jects were anemic. The overall prevalence of
iron deficiency anemia was 5.6%.

In addition to age and gender, pregnancy
was the only significant predictor of hemoglo-
bin levels in multiple linear regression models
(Table 2). Because we did not impose prior ex-
pectations on the relation of hemoglobin to
iron status indicators, the hemoglobin model
did not include serum ferritin or soluble trans-
ferrin receptor as covariates (Table 2). Sepa-
rate analyses identified both serum ferritin
and soluble transferrin receptors as strong in-
dependent predictors of hemoglobin levels. A
decrease of 2.72 µg/L (1 log unit) of serum
ferritin was associated with a 4 g/L decrease
in hemoglobin, and an increase of 1 mg/L of
soluble transferrin receptor was associated
with a 1.4 g/L decrease in hemoglobin
(P < .001, for both). Geohelminth infection,
i.e., infection with geohelminths (soil-transmit-
ted helminths), and recent malaria were sig-
nificant predictors of serum ferritin and solu-
ble transferrin receptor levels, respectively
(Table 2). Iron deficiency was the only signifi-
cant predictor of anemia identified by logistic
regression models in the overall population
(OR=3.03; 95% confidence interval=1.40,
6.10), with an attributable fraction of 19.7%.
Among females aged 12–45 years (n=100),
11.9% of all cases of anemia were
attributable to a current pregnancy.

DISCUSSION

As estimated by DeMayer and Adiels-
Tegman in 1985,1 half of anemic school
children and women in rural Amazonia had
iron deficiency. However, because more than
20% of anemia in the population was attributa-
ble to iron deficiency, widespread iron supple-
mentation alone is likely to have only a limited



American Journal of Public Health | February 2007, Vol 97, No. 2238 | Research and Practice | Peer Reviewed | Ferreira et al.

 RESEARCH AND PRACTICE 

TABLE 1—Iron Status Indicators and Diagnostic Categories of Anemia and Iron Deficiency Among 
Rural Amazonians, by Age: Brazil, 2004

School Children, 5–11 y Adolescents, 12–14 y Men, ≥ 15 y Women, ≥ 15 y All Age Groups

Hemoglobin (g/L)a

Median (IQR) 126 (116–135) 131 (125–144) 148 (138–158) 133 (121–145) 137 (125–150)

Proportion below cut-off, % (95% CI) 20.5 (13.2, 30.4) 15.8 (7.5, 30.5) 9.0 (5.4,14.8) 21.1 (14.9, 29.2) 16.0 (12.7, 20.0)

SF (µg/L)b

Median (IQR) 43.0 (30.0–75.5) 55.0 (38.5–73.2) 111.0 (56.5–179.5) 54.0 (33.5–105.5) 63.0 (39.0–122.0)

Proportion < 15 µg/L, % (95% CI) 2.5 (0.8, 8.5) 2.8 (0.7, 14.2) 0 7.4 (3.6, 13.0) 3.2 (1.8, 5.4)

Proportion < 30 µg/L, % (95% CI) 25.9 (17.6, 36.4) 8.3 (3.0, 21.9) 5.7 (2.9, 10.8) 19.0 (13.0, 26.9) 14.5 (11.3, 18.4)

sTfR (mg/L)b

Median (IQR) 5.7 (4.5–7.2) 4.9 (3.8–5.9) 4.9 (4.0–5.8) 4.6 (3.9–6.2) 5.0 (4.0–6.2)

Proportion > 8.3 mg/L, % (95% CI) 13.6 (7.8, 22.7) 2.8 (0.6, 14.2) 4.2 (2.0, 9.0) 7.4 (4.0, 13.5) 7.1 (4.9, 10.2)

Proportion in each diagnostic category, % (95% CI)

Iron sufficiencyb,c 64.2 (53.3, 73.8) 88.9 (74.6, 95.5) 91.5 (85.7, 95.0) 77.7 (69.5, 84.2) 81.0 (76.7, 84.6)

Possible IDb,d 29.6 (20.8, 40.4) 8.3 (3.0, 21.9) 7.1 (3.9, 12.6) 14.0 (9.0, 21.4) 14.2 (11.1, 18.1)

Probable IDb,e 6.2 (2.7, 13.7) 2.8 (0.7, 14.2) 1.4 (0.4, 5.0) 5.0 (2.3, 10.4) 3.7 (2.2, 6.1)

Definite IDb,f 0 0 0 3.3 (1.3, 8.2) 1.1 (0.4, 2.7)

ID anemiag 10.0 (5.2, 18.5) 2.8 (0.7, 14.2) 0.7 (0.2, 3.9) 9.1 (5.2, 15.6) 5.6 (3.7, 8.4)

No. of participants with ID anemia/total no. of anemic 8/16 (50.0%) 1/5 (20.0%) 1/12 (8.3%) 11/23 (47.8%) 21/56 (37.5%)

participants (%)

Note. CI = confidence interval; ID = iron deficiency; IQR = interquartile range; SF = serum ferritin; sTfR = soluble transferrin receptor.
a Results available for 83 children, 38 adolescents, 144 men, and 123 women (total, n = 388).
b Results available for 81 children, 36 adolescents, 141 men, and 121 women (total, n = 379).
c Iron sufficiency: SF ≥ 30 µg/L and sTfR ≤ 8.3 mg/L.
d Possible ID: SF 15–30 µg/L and sTfR ≤ 8.3 mg/L, or SF ≥ 30 µg/L and sTfR > 8.3 mg/L.
e Probable ID: SF = 15–30 µg/L and sTfR > 8.3 mg/L, or SF < 15 µg/L and sTfR ≤ 8.3 mg/L.
f Definite ID: SF < 15 µg/L and sTfR > 8.3 mg/L.
g ID anemia = hemoglobin below WHO cut-off value for age and gender plus any evidence of ID (SF < 30 µg/L or sTfR > 8.3 mg/L). Results available for 80 children, 36 adolescents, 140 men, and
121 women (total, n = 377).

impact on the overall prevalence of anemia
among subjects aged 5 years or older. The mul-
tifactorial etiology of anemia putatively includes
other nutritional deficiencies (folate, vitamin A),
as well as genetic and infectious conditions.
G6PD deficiency, which is infrequent in the
Ramal do Granada population (3.9%) and
other Amazonian populations,11 had no signifi-
cant impact on hemoglobin levels. Sickle-cell
disease is unlikely to represent a major contrib-
utor, as low hemoglobin S allele frequencies
(1.8%–2.1%) have been found in Amazonia.12

To our knowledge, no other hemoglobinopa-
thies have been investigated in Amazonian
populations. Malaria and geohelminth infec-
tions affect iron status indicators either because
of true iron deficiency13 or increased erythro-
poiesis following hemolysis,2 but the contribu-
tion of malaria and geohelminth to anemia ap-
pear to be less marked in rural Amazonians
than in African5 and Asian3 populations.
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TABLE 2—Multiple Linear Regression Analysis of Covariates Associated with Iron Status
Indicators in Rural Amazonians: Brazil, 2004

Dependent and 
Independent Variablesa β Coefficient (95% CI) P R 2 No.

Hemoglobinb 0.190 327

Age in years 0.252 (0.150, 0.354) <.001

Gender —9.676 (—13.226, —6.086) <.001

Pregnancyc —15.490 (—30.016, —0.963) .037

G6PD deficiency —7.091 (—15.947, —1.772) .116

Constant 134.688 (129.439, 139.767) <.001

Log SFb 0.233 323

Age in years 0.020 (0.015, 0.025) <.001

Gender —0.419 (—0.597, —0.242) <.001

Geohelminth infectiond —0.326 (—0.624, —0.027) .033

Recent malariae 0.142 (—0.049, —0.322) .145

Constant 3.797 (3.542, 4.052) <.001

sTfRb 0.074 323

Age in years —0.018 (—0.030, —0.006) .004

Recent malaria 0.671 (0.215, 1.127) .004

Constant 5.852 (5.241, 6.463) <.001

Note. CI=confidence interval; G6PD=glucose-6-phosphate dehydrogenase; SF=serum ferritin; sTfR=soluble transferrin receptor.
a The independent variables used in the multiple linear regression analysis were as follows: age (years; continuous variable);
gender (1 = female); pregnancy (1 = yes); education of household head (0 = no schooling; 1 = 1–4 years of schooling; 2 = 5–8
years of schooling; 3 = > 8 years of schooling); wealth index (continuous variable); G6PD deficiency (1 = yes); current
geohelminth infection (1 = yes); and recent or current malaria (1 = yes). Only variables associated with P values < .15 are
shown.
bDependent variable.
cA separate model was built to include only women (n = 155), with similar results: B = −16.061 (95% CI = −31.100, −0.971);
P = .037.
dGeohelminths (overall prevalence, 11.6%) found in this population included hookworm (prevalence, 7.2%), Ascaris
lumbricoides (4.3%), Strongyloides stercoralis (3.2%), and Trichuris trichiura (2.3%); Participants may be coinfected with
more than one species.
eMalaria in the past 6 months (prevalence, 32.2%) or current malaria (prevalence, 2.1%).
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