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Abstract

Background. Anemia in pregnancy remains a major 
problem in nearly all developing and many industrial-
ized countries. In Mali, the subpopulation prevalence 
and etiology of anemia during pregnancy are largely 
unknown.

Objective. To examine the prevalence and likely etiolo-
gies of anemia in pregnancy in a poor urban population 
in Bamako, Mali.

Methods. Pregnant women (n = 190) were selected 
randomly. Hemoglobin, serum iron, and total iron-bind-
ing capacity were measured; blood smears were examined 
for Plasmodium falciparum malaria; and single stool 
and urine samples were examined for Schistosoma hae-
matobium and hookworm. Gynecologic examinations 
were performed and interviews conducted to qualitatively 
assess food consumption and other socioeconomic charac-
teristics. Associations among mild, moderate, and severe 
anemia; iron and parasite status; erythrocyte sedimenta-
tion rates; and the presence of abnormal vaginal discharge 
were evaluated. Differences in hemoglobin and serum 
iron concentrations, total iron-binding capacity, and 
anemia were compared according to trimester of preg-
nancy and between infected and noninfected women. The 
relative and attributable risks of anemia were calculated, 
and adjusted odds ratios for anemia and low serum iron 
were estimated by multivariate logistic regression.

Results. Of the 131 women for whom complete data 
were available, 47% had hemoglobin concentrations 
below 110 g/L; 13% had serum iron concentrations below 

12 µmol/L; none had transferrin saturation values below 
16%; 11%, 23%, and 8% harbored P. falciparum, S. 
haematobium, and hookworm, respectively; and 82% 
had an abnormal vaginal discharge. Food restrictions 
were reported by 45% of the women. Abnormal vaginal 
discharge correlated significantly with anemia (Pearson 
χ2 = 62.4; p < .01). Univariate and multivariate analyses 
found that infections were strongly associated with and 
predictive of anemia.

Conclusions. Our data suggest that infections and food 
accessibility contribute to the high rates of anemia during 
pregnancy in Mali.

Key words: anemia, pregnancy, malaria, hookworm, 
Schistosoma haematobium, vaginal discharge, food 
restrictions, Mali

Introduction

Anemia in pregnancy remains a major problem in 
nearly all developing and many industrialized coun-
tries. The World Health Organization (WHO) esti-
mates that 35% to 75% (56% on average) of pregnant 
women in developing countries and 18% of those in 
industrialized countries are anemic [1]. In 1995, the 
WHO projected the average prevalence of anemia 
in pregnant women to be about 52% in Africa [2]; 
however, its prevalence varies considerably among 
that continent’s countries and in subpopulations 
within countries. Reports from regional surveys in 
Mali estimated that the mean prevalence of anemia 
among pregnant women was between 41% and 59% 
[3]. These unacceptably elevated rates are of concern 
because of the high likelihood that anemia during 
pregnancy places affected women at greater risk of pre- 
and postpartum morbidities and mortality [4–6] and 
is also associated with an increased risk of poor infant 
outcomes that may be long-lasting and only partially 
reversible unless corrected early [7, 8].

The most common worldwide cause of anemia 
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during pregnancy is purported to be iron deficiency 
due to chronically inadequate dietary iron; this inad-
equacy is heightened by the physiologic demands for 
this essential element imposed by fetal needs and 
maternal blood volume expansion during pregnancy. 
In many tropical regions, the absorption of dietary 
iron and the utilization of endogenous and exogenous 
iron are also influenced adversely by common states 
of chronic infection and inflammation due to malaria 
and multiple helminthic infections [9–11]. The rela-
tive impacts of these potential causes vary by sex, age, 
geography, and various other sociodemographic risk 
factors that are not well described in most presumably 
iron-deficient populations [10].

The subpopulation prevalence and etiology of 
anemia during pregnancy are largely unknown in Mali. 
Thus, a cross-sectional study was undertaken to exam-
ine the prevalence of anemia during pregnancy and the 
likely etiologic factors associated with it in a presum-
ably high-risk population. The study was designed 
to assess relationships among anemia, malaria, and 
other parasitic diseases (e.g., hookworm and schis-
tosomiasis), inform local and regional micronutrient 
fortification and supplementation policies, promote 
effective prevention and control strategies in Mali, 
and identify research needs to strengthen those aims 
in future efforts undertaken by the government and 
other actors with interests in enhancing the well-being 
of pregnant women.

Methods

The study was conducted in Banconi, one of the poor-
est and most densely populated suburban areas of 
the capital city of Bamako, from June to August 2002. 
Plasmodium falciparum malaria and infections with 
Schistosoma haematobium and hookworm were sus-
pected to be highly endemic in this area.

The study protocol was reviewed and approved by 
the Malian Ministry of Health in Bamako, the board 
of directors and medical staff of the community health 
center in Bamako, and the Cornell University commit-
tee on human subjects, Ithaca, New York, USA. The 
women were informed individually of the purpose of 
the study in Bamanan (the local dialect) and asked to 
sign a consent form prior to enrollment.

Subjects and data collection

The study population consisted of women 18 to 45 
years old who were attending the community health 
center. All pregnant women who visited the center 
during the study period were invited to participate. 
None of those invited to participate declined. The eli-
gibility criteria for consenting participants included no 
oral iron or anthelmintic treatment since the beginning 

of the pregnancy and no blood transfusion within the 
3 months preceding entry into the study. Of the 190 
pregnant women enrolled, 131 (69%) provided infor-
mation on selected demographic characteristics and 
food habits and gave blood, urine, and stool specimens 
for the assessment of various hematologic indicators 
and chronic infections.

Initial participant interviews were used to ascertain 
various demographic and dietary factors associated 
with nutritional risk. Venous blood was obtained for a 
complete blood count (including hemoglobin concen-
tration), for measurement of erythrocyte sedimenta-
tion rate, serum iron, and total iron-binding capacity, 
and to determine the presence of malarial parasitemia. 
Stool and urine samples were requested to determine 
whether hookworm or schistosomiasis infection was 
present. A gynecologic examination also was performed 
during the initial clinical contact.

All participants were provided with sufficient sup-
plements for a 30-day course of ferrous fumarate and 
folate tablets containing 64 mg of elemental iron and 
400 µg of folate. A 4-week course of chloroquine (three 
100-mg tablets per week) was also provided as a pre-
ventative against malaria.

The examining physician used a structured ques-
tionnaire at the initial interview to record the partici-
pant’s age, weight, height, parity, stage of pregnancy, 
diet, marital status, literacy, household possessions, 
workload, and socioeconomic status. Self-imposed or 
socially imposed food restrictions were identified and 
categorized as present or absent, and workloads were 
classified as unchanged from, less than, or more than 
those before the current pregnancy.

Weight was measured to the nearest 0.1 kg with 
a battery-powered electronic scale (Seca, Hamburg, 
Germany) and height was measured to the nearest 0.1 
cm with a locally produced portable instrument whose 
design is based on a model recommended by UNICEF. 
Height was measured when the subject was not wearing 
shoes or head covering.

Venous blood samples (10 mL) were collected from 
the antecubital fossa by standard antiseptic techniques. 
Urine and stool samples were collected in the clinic. 
Women unable to provide a stool sample on the initial 
visit were asked to bring in a sample on the follow-
ing day. All samples were processed on the day of 
collection.

Complete blood counts were obtained from a 
Diana-5 hematology analyzer calibrated regularly 
with appropriate controls according to the manufac-
turer’s recommended specifications (Hycel Diagnostics, 
Massy, France). The erythrocyte sedimentation rate was 
determined by the Westergren method recommended 
by the International Committee for Standardization 
in Hematology [12]. Hemoglobin and serum iron 
concentrations and total iron-binding capacity were 
measured. Transferrin saturation was derived from 
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serum iron and total iron-binding capacity. Hemo-
globin also was measured as part of the complete 
blood count from the Diana-5 hematology analyzer. 
Serum iron and total iron-binding capacity were deter-
mined with a commercial chemical kit (SCrifer-Kit, 
BioMérieux, Marcy l’Étoile, France). Women found to 
have hemoglobin concentrations below 110 g/L were 
advised to take higher doses of iron/folate according to 
the type of anemia: i.e., two tablets containing 64 mg 
elemental iron per day for moderate and mild anemia 
(70–110 g/L), and three tablets per day for severe 
anemia (hemoglobin < 70 g/L). Anemic patients were 
also advised to consume iron-rich foods, such as beef, 
eggs, and green leafy vegetables.

To detect malaria parasitemia, thick and thin blood 
films were collected, fixed, and stained with Giemsa 
and then examined. A minimum of 100 microscopic 
fields were examined in all blood films. In general, 200 
leukocytes were counted, and if fewer than 10 parasites 
were seen, the microscopist continued counting up to 
500 leukocytes. Malarial parasite counts were converted 
to number of parasites per microliter of whole blood 
by using the conversion factor 8,000 leukocytes per 
microliter of blood [13].

Schistosomiasis and hookworm infections were 
diagnosed by the presence of schistosomes or hook-
worm eggs in urine or stool samples, as appropriate. 
To assess the presence of other helminthic infections, 
stool samples were also examined macroscopically 
for general characteristics. Stools were stained by the 
Kato-Katz method and examined microscopically [14]. 
For S. haematobium, urine samples were shaken well 
to ensure adequate dispersal of eggs, and 10 mL was 
processed by the Nuclepore filtration technique [15]. 
Schistosome eggs were then detected microscopically 
after the addition of Lugol iodine solution. Hookworm 
and schistosomiasis infections were classified as 0 for 
absent (negative) or + for present (positive).

Abnormal vaginal discharge was defined as a thick, 
white, gray-white, or yellow-green vaginal discharge 
with a fetid odor accompanied by itching. Diagnoses 
were made clinically by an experienced midwife and 
confirmed by the attending physician. As was done 
routinely within the health center, metronidazole 
and nystatine were prescribed to women with this 
condition.

Those diagnosed with malaria were treated with 
chloroquine (500 mg per day for 5 days), and those 
with hookworm eggs received a single dose (400 mg) 
of albendazole if they were in the second or third tri-
mester of pregnancy. For safety reasons, those infected 
with schistosomiasis were not treated with praziquan-
tel. They were, however, informed about their status 
and advised to report back to the center for treatment 
after delivery.

Statistical analysis

The data were analyzed by SPSS for Windows version 
11.5 (SPSS, Chicago, IL, USA). The frequencies of gen-
eral demographic and socioeconomic characteristics 
were computed, and the prevalence of protein–energy 
malnutrition (body-mass index < 18.5 kg/m2) was 
estimated. Mild anemia was defined as a hemoglobin 
level less than 110 g/L, moderate anemia as a hemo-
globin level less than 90 g/L, and severe anemia as a 
hemoglobin level less than 70 g/L [16]. Low serum 
iron was defined as an iron level less than 12 µmol/L 
(normal, 12–30 µmol/L) and high total iron-binding 
capacity as greater than 64 µmol/L (normal, 32–64 
µmol/L). Associations among mild, moderate, and 
severe anemia, iron and parasite status, erythrocyte 
sedimentation rate values, and the presence of abnor-
mal vaginal discharge were evaluated. Student’s t-test 
and the χ2 test were used, as appropriate, to compare 
differences in hemoglobin concentrations, serum iron, 
and total iron-binding capacity, anemia and serum iron 
according to trimester of pregnancy between infected 
and noninfected women.

The relative risks of anemia were calculated for 
women infected with malaria, schistosomiasis, and 
hookworm and for those with abnormal vaginal dis-
charge. Population-attributable risks [17] were also cal-
culated to estimate the proportion of anemia that could 
be prevented by the elimination of each of the assessed 
risk factors. The adjusted odds ratios for anemia and 
low serum iron were estimated from multivariate logis-
tic regression models that included gestational stage, 
helminthic infection, abnormal vaginal discharge, food 
constraints, and various sociodemographic variables. 
Unless otherwise stated, all values are presented as 
means ± SD. A p value less than .05 was used to deter-
mine statistical significance.

Results

Complete clinical and biochemical data were obtained 
from 131 of the 190 women who were enrolled. No 
significant differences in baseline characteristics were 
noted between the 59 women who were excluded 
because of incomplete information and the remainder 
of the sample. Table 1 summarizes the characteristics of 
those included in all subsequent analyses. The women 
included in these analyses ranged in age from 18 to 45 
years; 51% were between 20 and 29 years of age. Almost 
two-thirds (64%) visited the health center for the first 
time during the second trimester of the index preg-
nancy (13 to 24 weeks). The remainder first visited the 
center during the first or the third trimester (20% and 
16%, respectively). Very few were literate (16%), and 
only 55% came from families that owned the houses 
in which they lived. Approximately 20% of the women 
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consumed coffee or tea, and none smoked. Food 
accessibility was constrained in 45% of the women 
because of cultural or self-imposed food restrictions 
arising from beliefs that some foods cause malaria 
(e.g., eggs and milk) or may lead to difficult deliver-
ies because they help produce large infants (e.g., salt, 
bananas, meat, and eggs). These foods are commonly 
either avoided completely or rarely consumed during 
pregnancy. Low body-mass index (< 18.5 kg/m2) was 

observed in 27% of the enrolled women in their first 
trimester of pregnancy.

Low serum iron (< 12 µmol/L) was observed in 13% 
of the analyzed sample. No increases in total iron-bind-
ing capacity (> 64 µmol/L) and no abnormally low 
transferrin saturation values (< 16%) were observed. 
However, 11% of the women had abnormally low total 
iron-binding capacity (< 32 µmol/L) (table 1).

Hemoglobin values and other hematologic indica-
tors are summarized in table 2 according to trimester. 
The prevalence of anemia in this group was high. The 
hemoglobin level was less than 110 g/L in 47% of the 
women and less than 70 g/L (severe anemia) in 2%. 
Anemia was associated with the stage of pregnancy 
(Pearson χ2 = 6.35, p = .04); the highest proportions 
of women with anemia (51%) and with severe anemia 
(6%) were found in women examined during the 
second trimester. This result was not unexpected, since 
maternal–fetal iron transfer increases and maternal 
red-cell mass and vascular volume expand during 
this period of pregnancy. Among these women, 13% 
(11/82) had low serum iron, a percentage not different 
from that observed in the total sample (table 2).

The frequency distribution of hemoglobin concen-
trations is shown in figure 1. The prevalence of anemia 
did not differ significantly between nulliparous women 
(41%) and the remainder of the sample (47%; p = .78), 
but a significantly higher prevalence of severe anemia 
was observed among nulliparous women (7%) than 
among multiparous women (1%; p = .04). The dis-
tribution of parity was comparable among all groups. 
No significant associations were noted between hemo-
globin concentrations and maternal height (p = .08), 
weight (p = .20), or age (p = .43).

Malaria parasitemia, S. haematobium, and hook-
worm infections were detected in 11%, 23%, and 8% 
of the women, respectively. All detected cases of malaria 
were caused by P. falciparum. Three percent of the 
women had both P. falciparum and S. haematobium, 
and 0.8% had both S. haematobium and hookworm. 
P. falciparum and hookworm were not found to occur 
jointly (table 1). The prevalence and severity of anemia 
were greatest in women with hookworm and S. hae-
matobium, but the frequency of low serum iron was 
higher in women with hookworm or malaria than in 
those who had S. haematobium or abnormal vaginal 
discharge or who had food constraints (table 3).

Abnormal vaginal discharge was observed in 82% 
of the women. A significant correlation was noted 
between abnormal vaginal discharge and anemia (Pear-
son χ2 = 62.4; p < .01). Abnormal vaginal discharge 
appeared to be more significantly associated with 
anemia (hemoglobin < 110 g/L) than with low serum 
iron (< 12 µmol/L) (table 3).

The relative and population-attributable risks for 
anemia (hemoglobin < 110 g/L) are summarized in 
table 4.

TABLE 1. Characteristics of the study sample (N = 131)

Characteristic
% of 

sample

Age (yr)
< 20 29
20–29 51
≥ 30 20

Married 98

Parity
0 23
1–2 21
3–4 26
≥ 5 30

Gestational age (wk)
≤ 12 20
13–24 64
≥ 25 16

Height < 145.0 cm 0

BMI (kg/m2)
< 18.5 12
> 25 18

Subject to food restrictions 45

Serum iron (µmol/L)
Low (< 12) 13
Normal (12–30) 84
High (> 30) 3

TIBC (µmol/L)a

Low (< 32) 11
Normal (32–64) 89

Parasitic infection
Plasmodium falciparum 11
Schistosoma haematobium 23
Hookworm 8
> 1 infection 4
P. falciparum + S. haematobium 3
P. falciparum + hookworm 0
S. haematobium + hookworm 0.8

Abnormal vaginal discharge 82

High ESR (> 16mm/h) 90

BMI, body-mass index; TIBC, total iron-binding capacity; ESR, 
erythrocyte sedimentation rate
a. To convert TIBC values from micromoles per liter to micrograms 

per deciliter, divide by 0.179.
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TABLE 2. Indicators of anemia and low serum iron in pregnant women according to trimester of pregnancy

Trimester N

Hemoglobin Serum iron TIBC
Transferrin 
saturation 

< 110 g/L 
(%) < 70 g/L (%)

Mean ± SD 
(g/L)

< 12 µmol/L 
(%)

Mean ± SD 
(µmol/L) 

> 64 µmol/L 
(%)

Mean ± SD 
(µmol/L)

Mean ± SD 
(%)

1 26 31 0 115 ± 11 19 19 ± 7 0 38 ± 5 49.72 ± 21.51
2 84 51a 6a 107 ± 16b 13c 17 ± 6 0 38 ± 5 44.18 ± 14.45
3 21 33 0 112 ± 14 5 19 ± 5 0 40 ± 5 46.76 ± 10.45

Total 131 47 2 110 ± 15 13 18 ± 6 0 39 ± 5 45.70 ± 15.62

TIBC, total iron-binding capacity
a. Significantly different from 1st and 3rd trimesters (p < .05, χ2 test).
b. Significantly different from 1st trimester but not from 3rd trimester (p < .05, t- test).
c. Not significantly different from either 1st and 3rd trimester alone or both combined (p > .05, χ2 test).

TABLE 3. Indicators of anemia and low serum iron according to risk factor

Risk factor

Hemoglobin Serum iron TIBC

< 110 g/L 
(%)

< 70 g/L  
(%)

Mean ± SD 
(g/L)

< 12 µmol/L 
(%)

Mean ± SD 
(µmol/L)

> 64 µmol/L 
(%)

Mean ± SD 
(µmol/L)

Plasmodium falciparum 
malaria 
Positive (N = 14) 64* 0.7 100 ± 24*** 36 15 ± 7*** 0 37 ± 6
Negative (N = 117) 44 2 111 ± 13 11 18 ± 6 0 39 ± 7

Schistosoma haematobium 
infection
Positive (N = 30) 67** 10*** 101 ± 17*** 27 15 ± 4*** 0 37 ± 4
Negative (N = 101) 41 0 113 ± 13 9 19 ± 6 0 39 ± 7

Hookworm infection
Positive (N = 10) 100*** 10** 92 ± 13*** 40 14 ± 4** 0 39 ± 15
Negative (N = 121) 40 2 111 ± 14 11 18 ± 6 0 39 ± 5

Abnormal vaginal dis-
charge
Yes (N = 107) 52*** 4 101 ± 15*** 13 18 ± 6 0 39 ± 5
No (N = 24) 21 0 112 ± 11 13 16 ± 5 0 39 ± 5

Food restrictions
Yes (N = 59) 66*** 3 103 ± 14** 20 17 ± 5 0 39 ± 6
No (N = 72) 31 1 115 ± 14 7 18 ± 6 0 38 ± 5

TIBC, total iron-binding capacity
*p = .160, **p < .05, ***p < .01 (χ2 test). All comparisons are between infected and noninfected women for parasites, and between women 

with and without food restrictions.

FIG. 1. Distribution of hemoglobin concentrations among pregnant women according to trimester.
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In multivariate analyses, S. haematobium appeared 
to be the only parasitic infection that was significantly 
associated with anemia (p = .005). However all parasitic 
infections—i.e., malaria (p = .004), S. haematobium 
(p = .009), and hookworm (p = .002)—were sig-
nificantly associated with low serum iron. Hookworm 
infection was the strongest predictor of low serum iron 
(table 5).

Discussion

In this study, biologic and other determinants of 
anemia were examined among pregnant women in 
Mali. The results indicate that infections and food 
constraints are probably important causes of anemia 
in this population.

The prevalence of anemia among these pregnant 
women was high (47%). This figure is consistent with 
the results obtained by Bouvier et al. [3] in Mali and 
similar to prevalences reported in other areas in Africa 
[2, 18–20]. However, it is lower than the 73% preva-
lence estimate of the most recent Demographic and 
Health Survey (DHS) in Mali [21]. The present study 
was conducted in a neighborhood of the capital city, 
whereas the DHS was national and also covered rural 
areas in which the prevalence of anemia among preg-
nant women is extremely high because the accessibility 

of food, potable water, good sanitation, and medical 
care is low. It is important to note that these values are 
based on cutoff points recommended by the WHO. 
This is relevant because of growing concerns about 
possible differences in hemoglobin regulation among 
disparate ethnic groups [22, 23].

Most of the women in this group had mild to mod-
erate anemia; that is, their hemoglobin levels were 
slightly lower than the threshold of 110 g/L (fig. 1). 
Nevertheless, even this level of anemia may adversely 
affect physical performance [24, 25] and increase 
intrauterine growth retardation and the risk of preterm 
delivery [26, 27]. Only 8% of the women studied had 
hemoglobin levels under 90 g/L (a cutoff proposed 
to identify groups with substantial risk of morbidity 
and mortality [28]), and only 2% had severe anemia 
(hemoglobin < 70 g/L). The urban setting of these 
women and the easy accessibility of health clinics may 
explain these low rates.

Anemia among pregnant women in developing 
countries is generally presumed to be due primarily to 
iron deficiency, even though its pathogenesis is known 
to be multifactorial. In the present study, we focused on 
the importance of infections and food constraints that 
may result in the restriction of vitamin- and mineral-
rich foods and thereby also inadequate micronutrient 
intakes. Serum iron and total iron-binding capacity 
also were assessed. These were the only measurements 
related to iron status that were technically possible 
in Bamako at the time of the study. These measure-
ments are insufficient to assess iron status, especially 
in areas with a high prevalence of infections and 
chronic inflammation. Both measurements show large 
diurnal variation, and they decrease in the presence of 
inflammatory processes. Other measurements of iron 
status, such as serum ferritin and transferrin receptors, 
are often more sensitive indicators of iron-deficient 
erythropoiesis. Unfortunately, none of those measure-
ments was feasible. Thus, it is not possible to rule out 
that iron is the principal limiting factor accounting 
for the high rates of anemia. However, infections were 
most strongly predictive of anemia (tables 4 and 5). 

TABLE 4. Relative risk and population-attributable risk of 
anemia (hemoglobin < 110 g/L)

Risk factors RR (95% CI) PAR—%

Plasmodium falciparum 
malaria parasitemia

1.45 (1.14–2.06) 32

Schistosoma haemato-
bium infection

1.64 (1.16–2.32) 13

Hookworm infection 2.37 (1.92–2.92) 10
Abnormal vaginal  

discharge
2.51 (1.13–5.59) 55

Food restrictions 1.50 (1.02–2.20) 22

RR, relative risk; CI, confidence interval; PAR, population-attribut-
able risk

TABLE 5. Adjusted odds ratios for anemia and low serum iron according to risk factorsa

Risk factor N

AOR (95% CI)

Anemia (Hb < 110 g/L) Low SI (< 12 µmol/L)

Plasmodium falciparum 14 2.8 (0.85–9.23)* 8.2 (2–34)**
Schistosoma haematobium 30 3.6 (1.5–8.7)** 5.2 (1.5–17.8)***
Hookworm 10 — 13.0 (2.6–63.4)**
SI < 12 µmol/L 17 1.0 (0.97–1.12)* —
Abnormal vaginal discharge 107 17.8 (6–52)** —

AOR, adjusted odds ratio; CI, confidence interval; Hb, hemoglobin; SI, serum iron
*p = .09, **p = .05, ***p < .01
a. Adjusted odds ratios and 95% confidence intervals are calculated from multivariate backward stepwise 

(Wald) logistic regression models. Sociodemographic (age, parity) and gestational age variables were not 
retained because they were not statistically significant (p > .05).
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Given that total iron-binding capacity may be within 
normal limits in individuals with concurrent chronic 
infections and iron deficiency, the facts that only 13% 
of the women had low serum iron and none had low 
transferrin saturation or increased total iron-binding 
capacity also suggest that inadequate dietary iron is 
not the only cause of the anemia. Infections and other 
nutrient deficiencies are likely to contribute to the 
high rates of anemia observed in this population. We 
do not know of any indicator of chronic inflammation 
that may help resolve this question. Nevertheless, the 
findings that 55%, 32%, 13%, and 10% of the anemia 
cases were attributable to abnormal vaginal discharge, 
malaria, S. haematobium, and hookworm, respectively, 
stress the likely role infections play.

These data also suggest that treatment with iron 
alone is unlikely to be an effective strategy against 
anemia. These results agree with those of earlier stud-
ies in two other West African countries, Côte d’Ivoire 
[29] and northern Ghana [19]. They also agree with 
other evidence that malaria contributes significantly to 
the high prevalence of anemia in Africa and elsewhere 
[3, 30–34].

Urinary schistosomiasis and hookworm infections 
were also reported to be strongly associated with 
anemia in pregnant women [10, 34–37] and in other 
African populations [9, 38–41]. Similarly, we have 
shown that S. haematobium and hookworm contrib-
uted to an important proportion of the anemia in this 
population, suggesting that Malian pregnant women 
and those living in similar areas should be screened 
and treated for those infections during prenatal care 
visits. This is possible because anthelmintic therapy 
is efficacious, inexpensive, and safe to administer to 
pregnant women [42–44].

The most interesting finding is that abnormal vaginal 
discharge, a sign of vaginal infection, was found on 
gynecologic examination in 82% of the women. This 
condition correlated significantly with anemia (Pearson 
χ2 = 62.4; p < .01). On the basis of computed attribut-
able risks, this condition contributed to 55% of all cases 
of anemia. To the best of our knowledge, this is the first 
study in Africa that has linked anemia to abnormal vag-
inal discharge. The association between this condition 
and anemia has also been reported once in Mexican 
pregnant women by Lopez-Martinez et al. [45]. Such 
vaginal infections are unlikely to be reported routinely 
by women, and they are likely to be chronic. Their 
chronicity probably impairs erythropoiesis, shortens 
red-cell survival, and interferes with the mobilization 
of reticuloendothelial iron stores [46]. Thus, the impact 
on hemoglobin is likely to be high. The high prevalence 
of abnormal vaginal discharge in our population, and 
possibly in populations in similar developing countries, 
also raises the need to examine this relationship further. 
In particular, there is a need to investigate and under-

stand the contribution of the most common causes of 
vaginal infection—bacterial vaginosis, trichomoniasis, 
and candidiasis—to this association. Furthermore, the 
high prevalence of simultaneous infections probably 
contributes to the high rate of anemia. These combina-
tions may exacerbate underlying dietary deficiencies or 
complicate their assessment.

Other single or combined micronutrient deficiencies, 
such as vitamin A, vitamin B12, and folate deficiency, 
may also partially explain the high rate of anemia in 
these women. This possibility is supported by the com-
monality of food restrictions experienced by pregnant 
women in all regions of Mali [47]. These have been 
described as important underlying causes of under-
nutrition and anemia in Africa and elsewhere [48–51]. 
Many vitamin- and mineral-rich foods (e.g., eggs, meat, 
milk, and mangoes) often are not consumed or their 
consumption is limited because of the belief that they 
result in big babies, and thus difficult deliveries, or in 
malaria. Financial constraints also commonly limit 
access to animal proteins and other more expensive 
foods. Unequal household distribution of animal 
protein that favors men over women and children 
further exacerbates this problem. All of these factors 
limit women’s access to nutrient-rich foods and thus 
are probably important factors that account for the 
high rates of anemia in this population. Unfortunately, 
local technical limitations precluded the assessment of 
those deficiencies, and therefore further work in this 
area is warranted.

Hemoglobinopathies have also been reported to 
be prevalent and associated with anemia in pregnant 
African women [19, 52, 53]. These also may help 
explain the high rates of maternal anemia, but data 
on such disorders are not available in Mali. Therefore, 
the prevalence and type of hemoglobinopathies and 
their relationship to anemia in this group also need to 
be explored.

These findings underscore the difficulties of deter-
mining the etiology of anemia in populations with 
poor diets, high rates of infection and inflammation, 
and limited resources and technical facilities. They 
also highlight the need for multiple methodologic 
approaches in addressing this question. Clearly, it is 
important to expand the capabilities to assess serum 
ferritin, zinc protoporphyrin, serum transferrin recep-
tors, reticulocyte counts and hemoglobin content, 
C-reactive protein, α1-acid glucoprotein, erythrocyte 
folate concentration, serum retinol and vitamin B12, 
hepcidin, and other potentially important indicators 
related to anemia. Assessments of the prevalence and 
severity of hemoglobin disorders also are important 
in many countries in Africa and Asia. Enhancement of 
these capabilities, coupled with therapeutic interven-
tions that address the potential causes of anemia, is 
required.
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Conclusions

Anemia is frequent among women in Mali, and its 
causes are probably multiple and complex. Our data 
suggest that vaginal infections and parasitic diseases 
are important factors that contribute to the high 
rates of anemia among pregnant women in that set-
ting. Therefore, a stronger focus on their prevention, 
diagnosis, and treatment is needed, and especially on 
the assessment of the causal link between abnormal 
vaginal discharge and anemia. Widespread unnecessary 
self- or culturally imposed food restrictions also limit 
the food intake of pregnant women, thereby adding to 
the problem. Hence, minimizing or eliminating such 
harmful practices is also desirable.
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