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ABSTRACT

The objectives of the present study in rural Nepali pregnant women living in the terai

were: 1) to identify the risk factors of severe anemia and investigate whether risk factors

for anemia without iron deficiency, iron deficiency without anemia and iron deficiency

anemia (IDA) were different; 2) to examine the effect of vitamin A supplementation,

alone or combined with iron, on hemoglobin (Hb) and soluble transferrin receptor (sTfR);

and 3) to identify the risk factors of low birth weight (LBW) and preterm delivery,

focusing on maternal Hb concentrations. The prevalence of severe anemia (Hb < 8.0 g/dl)

in this population (n = 3531) was 4.2% and that of iron deficiency was 31%. Logistic

regression analyses indicated that risk factors of severe anemia included hookworm

infestation, impaired dark adaptation, lack of iron supplement intake, a diet low in heme

iron and malnutrition manifested by thinness and short stature. These same factors

differed among non-iron-deficient anemic, iron deficient non-anemic, and iron-deficient

anemic pregnant women. We found a significant positive correlation between Hb and

retinol concentrations (Pearson r = 0.212, P < 0.0001) and one fourth of our anemic

subjects were also vitamin A deficient. There was no evidence that vitamin A alone

significantly increased Hb and decreased the prevalence of anemia (n = 498). However,

vitamin A, when given together with iron, had an added beneficial effect on Hb but not

sTfR. In addition, women with initially compromised iron status benefited more from

iron and vitamin A supplementation. The prevalence of LBW and preterm delivery was
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22% and 20%, respectively (n = 915). There was an increased risk of LBW associated

with short stature, thinness and impaired dark adaptation. The association between Hb

measured during the second trimester and risk of LBW had a U-shaped distribution, with

risk increasing significantly with Hb < 8.0 g/dl. Based on our findings, we recommend

that Hb is evaluated during the second trimester as an indicator of increased LBW risk.

While vitamin A supplementation to all pregnant women is recommended, routine

supplementation of iron and deworming during pregnancy are essential.
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CHAPTER 1

INTRODUCTION

Iron deficiency is one of the most prevalent nutritional problems in the world and is

reported by the World Health Organization (WHO) to affect 4 – 5 billion people (1).

Pregnant women are at high risk for iron deficiency anemia (IDA) due to the increased

physiological demands for iron imposed by pregnancy. Anemia remains at epidemic

levels among pregnant women in rural Nepal (2). It is a serious obstacle not only to a

healthy and productive life of the mother, but also to the proper growth and development

of her infant (3). Maternal severe anemia, whether caused by iron-deficiency or not,

increases the risk for maternal mortality and morbidity (4) and is associated with a high

risk of adverse birth outcomes (5-15). Given the availability of proven interventions to

treat and to prevent anemia, the persistent high prevalence represents a lack of political

will and failure of the public health sector to develop effective programs to address this

problem.

Currently, the Nepali Ministry of Health (MOH) has a policy to treat anemic pregnant

women with iron supplements. In addition, Female Community Health Volunteers

(FCHVs) are to distribute iron and deworming tablets to all pregnant women. Yet,
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anemia prevalence in rural Nepal is unacceptably high (2). This could be due to the

presence of other factors that limit the woman’s response to iron supplementation.

Maternal anemia programs are most effective when they address the multiple causes of

anemia through integrated interventions (16). Therefore, knowing the various causes of

anemia in rural Nepali pregnant women is the first step in designing tailored intervention

strategies. Succeeding in improving maternal anemia would subsequently decrease the

burden of adverse pregnancy outcomes.

LITERATURE REVIEW

This section provides a summary of the current knowledge on anemia and iron deficiency

during pregnancy in developing countries. It focuses on the various causes of anemia and

the associated birth outcomes. The link between vitamin A deficiency (VAD) and anemia

is explored in detail.

Iron metabolism during pregnancy

Pregnancy causes important changes in iron metabolism that include cessation of

menstruation, expansion of red cell mass, deposition of iron in fetus and placenta and

increased intestinal absorption of dietary iron.
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Increased erythropoiesis

Iron requirements during pregnancy depend on iron metabolism that varies with

gestation. During the first trimester of pregnancy, iron requirements decrease as a result

of cessation of menses. At around week 16 of gestation, maternal blood volume expands

so that iron requirements are increased. Although expansion of maternal blood volume

peaks at weeks 20 to 25 of gestation, the need for iron increases almost linearly until the

end of pregnancy. In the third trimester, fetal erythropoiesis and iron uptake increases.

The mechanisms responsible for the increase of erythropoiesis during pregnancy have not

been fully elucidated. Erythropoietin (EPO), the hormone that stimulates erythropoiesis,

and human placental hormones including lactogen, estrogen and progesterone are

elevated and are thought to influence red cell mass expansion (17).

Total hemoglobin (Hb) mass expansion during pregnancy is proportionally smaller than

the expansion of plasma volume causing dilutional or physiological anemia. This gap

between the rate of plasma volume expansion and that of red blood cell mass becomes

greater as pregnancy progresses causing a fall in Hb and hematocrit (18).

Increased in iron absorption

In the first trimester of pregnancy, intestinal iron absorption is lower than that of non-

pregnant women because of the decreased iron needs. Absorption of iron increases after

the first trimester to meet the needs of the increased erythropoiesis. Non-heme iron

absorption at 12 weeks of pregnancy was 0.7% and increased to 4.5% and 13.5% at 24
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and 36 weeks, respectively, in healthy Swedish women (19). Using stable isotope

methods, Barrett et al (20) found much higher absorption rates in non-iron-deficient

pregnant women at the same interval of pregnancy relative to absorption rates 16 – 24

weeks after delivery and suggested that iron requirements can be met with diet alone.

However, these high absorption rates should be confirmed by other studies before they

are generally accepted.

Estimated needs of iron in normal pregnancy

The total iron requirement for a normal pregnancy in an average size woman is

approximately 1 gm (21). Iron requirements vary by trimester of pregnancy and are

increased greatly especially after the first trimester. Iron is required to cover basal

requirements of mother, fetal growth, placenta needs, and blood volume expansion. The

extra need is met by increased mobilization of iron stores and increased intestinal

absorption. In special locations, such as Nepal and other developing countries, iron intake

must cover extra losses due to parasitic infections. Estimates of iron utilization and losses

during pregnancy and losses are presented in Table 1.
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Table 1 Estimates of iron needs during pregnancy and losses1

Source Iron need (mg/pregnancy)

Maternal basal requirement2 220 mg (0.8 mg/d)

Fetal deposition3 290 mg

Placenta 25 mg

Expansion of red cell mass4 500 mg

Total needs 1035 mg

Losses

Hookworm

Ancylostoma duodenale 2.3 mg/d

Necator americanus 1.1 mg/d

Trichuris trichiura 0.16 mg/d
1 Normal requirement from reference (21). Losses from parasites from reference (22).
2 Equivalent to those of non-pregnant women.
3 Full-term fetus.
4 Iron needed to achieve an average hemoglobin concentration of 13.0 g/dl at the end of
pregnancy.

In many developing countries, diets are low in iron absorption promoters and high in

inhibitors. It has been estimated that in such diets only 5% or 10% of dietary iron is

available for absorption. If that is the case, then 20 – 40 mg of iron per day would be

needed to meet the fixed iron requirements of a normal pregnancy (excluding red cell

mass expansion). An equal amount of iron would be needed to provide Hb and tissue

expansion (23). These requirements are nearly impossible to meet in the great majority of

women in developing as well as developed countries (17). Therefore, iron

supplementation is essential especially in women who enter pregnancy in an iron-

deficient state.
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Anemia and iron deficiency

Anemia is characterized by a reduction in Hb concentrations and therefore a decrease in

the oxygen-carrying capacity of the blood. It is defined by WHO as Hb < 11.0g/dl for

pregnant women (1).

Iron is stored mainly in the liver. Stores are used when insufficient iron is absorbed; this

occurs when dietary intake of iron is inadequate or when bioavailability is low. IDA

occurs in stages (1):

1) Depleted iron stores. During this stage the Hb remains above the anemia cutoff

value and serum iron is normal, but the body iron stores are absent. A low serum

ferritin (< 12 µg/L), generally, is indicative of depleted iron stores. Caution

should be applied when interpreting ferritin in developing countries, where poor

health is common, because concentration increases in the presence of

inflammation or infections (24).

2) Iron-deficient erythropoiesis. In this stage, also called iron deficiency without

anemia, Hb concentration remains above the anemia cutoff value, but the

transport of iron is reduced and iron-deficiency erythropoiesis develops. This

stage is characterized by increased free protoporphyrin in red blood cells, low

serum iron and an increase in the soluble transferrin receptor concentrations.

3) Iron deficiency anemia. This is the most severe form of iron deficiency and is

characterized by absence of iron stores and decreased transport of iron. Iron

supply for Hb synthesis is inadequate and consequently, Hb falls below the
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established cutoff levels. To diagnose IDA, measurements or iron deficiency, as

well as Hb, are needed.

Prevalence of anemia and iron deficiency during pregnancy

There are more than 2 billion people in the world with anemia – one third of the world’s

population. Pregnant women and children less than 2 years old are the most vulnerable.

Anemia is one of the most frequent complications related to pregnancy. Its prevalence is

highest in developing countries; it ranges between 37 – 75% for Asia, 35 – 72% for

Africa, and 37 – 52% for Latin America and on average 55% of pregnant women suffer

from anemia. In industrialized countries, less than 20% suffer from anemia, a rate that

still indicates public health significance (25). This reflects the difficulty of meeting the

iron needs of pregnancy even in areas where diets are relatively high in iron. Severe

anemia is also common particularly in developing countries. Nonetheless, the risk of

developing anemia is 2 to 7 times greater in developing countries than industrialized

countries. Anemia prevalence is also usually higher in rural areas than urban areas (25).

Anemia in developing countries is not only common but can also be severe. Estimates of

Hb level < 7.0 g/dl ranged between 2 – 7% and those of Hb < 8.0 g/dl between 15 – 20%

(26-29).

Iron deficiency causes 50% of the anemia worldwide, and is the primary cause of anemia

(25). It is estimated that 80% of women at term who do not consume iron supplements
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have Hb concentrations lower than 11.0 g/dl (30). In a study conducted in Nepal, iron

deficiency was present in 81% of pregnant women defined by erythrocyte protoporphyrin

> 70 µmol/mol heme or serum ferritin < 10 µg/L (29). In India, as many as 86% of

anemic women were reported to have high sTfR (15). In a recent study in Bangladesh

(31), high sTfR was observed in 25% of the pregnant women. Interpretation of iron status

indicators measured during pregnancy should be done with caution because they are

altered by gestational age and infection (18). This will be discussed in more details in

subsequent sections.

Causes of anemia and iron deficiency during pregnancy

Not all people with iron deficiency are anemic and not all people with anemia are iron-

deficient, as illustrated in Figure 1. Anemia is the most severe manifestation of iron

deficiency. In locations where iron deficiency is the major cause of anemia, more people

are iron-deficient than anemic. Additionally, where anemia is caused by factors other

than iron deficiency, such as is the case in many developing countries, iron deficiency

still is a significant cause of anemia (32).
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Anemia is caused by either a low production of red blood cells or by destruction or

shortened lifespan of red blood cells. In developed countries iron deficiency is the major

cause of anemia during pregnancy as evident by the positive impact of iron

supplementation on Hb. In developing countries, many factors, in addition to iron

deficiency, could co-occur and contribute the high prevalence of anemia. These factors

include other nutritional deficiencies, malaria, hookworm infestation and other infections

(25).

Total population

Anemia

Iron-deficiency
anemia

Iron deficiency

Figure 1 Relationship between iron deficiency, iron-deficiency anemia and
anemia in a population. More people are affected by iron deficiency than have
iron deficiency anemia. While anemia can be caused by factors other than iron
deficiency, most people with anemia in developing countries are also iron-
deficient.

Source: WHO/UNICEF/UNU
(2001)
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Poor intake and/or bioavailability of dietary iron

Poor intake of iron, especially heme iron from animal sources, is very common in

developing countries where the traditional diet could be vegetarian and largely comprised

of cereal- and pulse-based foods. This is the case in rural Nepal (33). While non-heme

iron consumption from plant foods could be high, bioavailability is likely low and

absorption is adversely affected by the presence of inhibitors (phytates and tannins) and

enhancers (vitamin C) of iron absorption (34). The availability of enhancers of iron

absorption is affected by seasonality in many developing countries, including Nepal,

further compromising the bioavailability of iron. The decreased intake and bioavailability

of iron coupled with the increased demand for iron during pregnancy places pregnant

women at a higher risk for iron deficiency.

Hookworm and other helminth infections

Intestinal helminth infections are common in developing countries with a poor water

supply and sanitation. Every year, more than 1000 million persons are infected with

Ascaris lumbricoides, Trichuris trichiura, and hookworm (35, 36). Two species of

hookworm, Ancylostoma duodenale and Necator americanus, are endemic in human

populations. The mechanism by which hookworm contribute to IDA is chronic blood

loss. Hookworms are contracted when the parasite enters the skin, generally through the

feet as people walk barefoot on feces-contaminated soils (37). Both the worm load and

the fecal egg count are correlated with the amount of blood loss, and therefore, severity

of IDA. Infection is especially disastrous to iron status during pregnancy because of the
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already increased demand for iron. A moderate hookworm infection nearly doubles the

iron requirements for a woman (Table 1). The WHO recommends using anti-helminthic

drugs, such as albendazole, during second or third trimester of pregnancy as a component

of strategies aimed at improving IDA (38).

Malaria

Malaria contributes to anemia throughout life and specifically during pregnancy. Malaria

parasites destroy red blood cells and suppress red blood cell production (25). Plasmodium

falciparum (P. falciparum) is the main cause of severe clinical malaria and death. Among

pregnant women living in areas where P. falciparum malaria is endemic, the population-

attributable risk that accounts for the prevalence of anemia ranged between 2 – 15% and

that of low birth weight (LBW) ranged between 8 – 14% (39). Dreyfuss et al (29)

reported that 19.8% of pregnant women living in the rural plains of Nepal had

Plasmodium vivax (P. vivax) malaria parasitemia. Treatment of malaria during pregnancy

has been shown to be effective in reducing anemia and risk of LBW infants (39). Also,

iron supplementation, and possibly vitamin A should be coupled with antimalarial

treatment for anemia and LBW prevention during pregnancy (29, 40, 41).

Other infections/chronic inflammation

Helicobacter pylori can cause anemia by increasing blood loss and reducing stomach

acid, resulting in poor iron absorption. In addition, bacterial diarrhea may also cause

anemia when chronic and characterized by bloody stools. Chronic diarrhea causes
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malabsorption and undernutrition, lowering red blood cell production. Chronic disease

due to inflammation make anemia more severe by increasing metabolism and therefore

iron requirements (25). The same occurs in women infected with HIV; they have high

requirements for iron as well as other micronutrients. Their risk for anemia increases

because of several factors including poor diet, presence of other infections and decreased

appetite, to name a few.

Other nutritional deficiencies – Folate, vitamin B12 and vitamin A

Relatively few studies have comprehensively assessed nutritional factors, other than iron

deficiency, responsible for anemia in pregnancy. It is important to recognize that

micronutrient deficiencies do not occur in isolation, but most likely in concert. Key

nutrients needed for red cell production are folate and vitamin B12, and vitamin A (42).

Folate deficiency causes megaloblastic anemia and is the second in occurrence as a cause

for nutritional deficiency anemia after IDA (42). More critical is folate deficiency around

the time of conception because of the risk of neural tube and other developmental defects

in the fetus. Due to the increased rate of cell division during pregnancy and the key role

of folate in cell reproduction, folate supplementation is recommended during pregnancy.

Vitamin B12 deficiency also causes megaloblastic anemia. Since vitamin B12 is only

present in animal products, pregnant women following a vegetarian diet, such as the case

in many areas in Nepal, or whose intake of animal products is minimal, are at risk for

vitamin B12 deficiency.
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Vitamin A deficiency (VAD) is prevalent in many parts of the developing world

especially in South East Asia (43). Vitamin A is thought to be essential for

hematopoiesis. In addition, anetenatal supplementation with both iron and vitamin A was

shown to reduce anemia prevalence among pregnant women. The mechanisms whereby

vitamin A exerts its effect on hematopoiesis have not been fully elucidated. The

following sections summarize the current knowledge around the link between vitamin A

and iron including epidemiological studies, in vitro and animal studies that investigate

mechanisms of action, as well as clinical trials of vitamin A supplementation.

Link between vitamin A and iron

As early as the 1930s, anemia was viewed as one of the several consequences of VAD

(44). However, it was not further studied until 40 years later. As recorded in the classic

study of Hodges and colleagues (45), five healthy adult volunteers were maintained on a

vitamin A-deficient, iron-sufficient diet for two years. They became vitamin A deficient

and anemic. The volunteers did not respond to iron supplementation, but their anemia

improved when small amounts of vitamin A or β-carotene were introduced in the diet.

This study provided stimulus for the epidemiological and laboratory investigation of

anemia and VAD in the last two decades.
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Epidemiology of vitamin A deficiency anemia

A close association between VAD and anemia has been observed in various

epidemiological studies, mainly among children and pregnant women. These surveys

demonstrated that there is often a high prevalence of VAD and anemia in the same

population. Among pregnant women in Nepal, prevalence of VAD was 20% while that of

anemia was 79% (33). Dreyfuss et al (29) reported that 54% of Nepali pregnant women

had a serum retinol < 1.05 µmol/L and 73% had anemia. In Malawi (46), the proportion

of HIV-positive pregnant women with serum retinol < 1.05 µmol/L (89%) was higher

than that in Nepal and that of anemic women (73%) was similar. Few studies stated the

proportion of subjects with both. In Honduras, 15.5% of children 1 to 5 years old had

both VAD and anemia leading investigators to conclude that nutrition interventions

should target both VAD and anemia to reach a large proportion of children (47).

Moreover, a positive correlation between Hb and plasma or serum retinol concentrations

has been described in many cross-sectional studies. In an analysis of pooled data from

eight developing countries, Hodges et al (45) found a high correlation of 0.77 (P < 0.05)

among non-pregnant females aged 15 to 45 years. Positive correlations ranging from 0.12

to 0.52 were also found in school-children (45, 48, 49) and adolescent non-pregnant girls

(50). Initial vitamin A status may affect the relationship between Hb and retinol. This

correlation appeared to be stronger among subjects with lower vitamin A status (51). A

low vitamin A status among Indonesian infants and mothers increased the risk of IDA 2.4

fold (52). Likewise, pregnant women who had Hb < 9.0 g/dl were found to be 2.2 times

at an increased risk for marginal vitamin A status compared to controls (53).
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Potential mechanisms

Different possible mechanisms have been proposed through which vitamin A exerts an

effect on iron metabolism. These mechanisms can be categorized into: 1) modulation of

erythropoiesis; 2) modulation of immunity to infection and the anemia of infection; and

3) modulation of iron metabolism.

Erythropoiesis and transcription of erythropoietin. Erythropoiesis is the process by

which red blood cells are produced. In the process of red blood cell maturation, stem cells

undergoe a series of differentiations into erythroid burst-forming units, erythroid colony-

forming units, proerythroblasts, orthochromic erythroblasts, reticulocytes and finally,

mature erythrocytes. A feedback loop involving EPO helps regulate the process of

erythropoiesis by inducing erythroid progenitor cells to differentiate into proerythroblasts

and mature into reticulocytes and mature erythrocytes. Hb synthesis occurs during the

differentiation of erythroid colony-forming units into erythrocyte precursors and

continues until the maturation of reticulocytes into erythrocytes. In addition, retinoids

appear to regulated apoptosis in erythropoietic progenitor cells. It was noted that both

RARs and RXRs are involved were involved in retinoic acid (RA)-mediated apoptosis of

erythroid progenitor cells (54).

The effects of RA on erythropoiesis are complex and depend on the cell maturation stage.

RA was shown to stimulate human erythroid burst-forming unit colonies formation (55)

and early erythroid colonies synergistically with EPO (56). The enhancer region of the
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EPO gene appears to contain a RA responsive element (57, 58). RA has been identified

as an inducer of EPO production through the transcriptional activation of the EPO gene in

embryonal carcinoma cells (59). When vitamin A-depleted rats were fed all-trans RA,

serum EPO concentrations increased (57). Likewise, vitamin A increased EPO synthesis

in isolated perfused at kidneys (60) and in human hepatoma cell lines (61).

Three intervention trials investigated whether vitamin A supplementation would affect

EPO concentrations. In Malawi, Semba et al (62) found that the daily vitamin A

supplementation (3 mg RE) of pregnant women did not increase plasma EPO

concentrations. EPO concentrations may have fluctuated during pregnancy therefore,

confounding the results. In severely anemic Zanzibari pre-school children, a single high-

dose of vitamin A decreased serum EPO concentrations and ferritin, but increased the

reticulocyte production index (63). The authors suggested that iron was mobilized from

stores following treatment causing a decrease in EPO. Both of these studies were done in

areas where malaria is endemic and malaria parasitemia influences EPO production (64,

65). The third clinical trial was conducted in Morocco, a non-malarial region, in school-

age children with poor vitamin A and iron status. Vitamin A supplementation (200,000

IU) increased circulating EPO concentrations (66).

Anti-infective. Vitamin A is thought to impact anemia by reducing anemia of infection. It

plays an important role in immune function and in reducing the morbidity mortality of

some infectious diseases such as measles, tuberculosis, malaria and diarrhea. There is
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little data available on impact of vitamin A supplementation on anemia of infection. One

possible explanation is that both iron and vitamin A are transported by negative acute

phase proteins, transferrin and retinol-binding protein (RBP), respectively. During

infection or inflammation, synthesis of transferrin and RBP decreases causing the

entrapment of iron and vitamin A in the liver and spleen. Suppression of infection by

vitamin A would lead to the resumption of TF and RBP synthesis, therefore, releasing

trapped iron and vitamin A (67).

Iron metabolism. It has been suggested that during VAD, iron is trapped in the liver and

spleen and not effectively released and used for erythropoiesis leading to the

development of anemia and abnormal iron indices. In vitamin A-deficient rats, the

incorporation of radio-labeled iron in erythrocytes was reduced by 40 to 50% compared

to control animals (68-70). Later studies found that during VAD, iron absorption is

enhanced (71, 72) and bone marrow uptake of iron is impaired (72). Vitamin A repletion

of deficient rats stimulated the utilization of iron stores in the liver and spleen (73). In a

subsequent study, however, Roodenburg et al (71) did not find any evidence that vitamin

A affects erythropoiesis. It was also shown that VAD does not exacerbate any indices of

iron status in rats (74). Iron deficiency, however, resulted in the sequestration of vitamin

A in the liver (75) and was associated with increased retinol concentrations (74, 76).

Increase absorption of non-heme iron. Several studies, using radio-labeled iron

methodology, investigated the effect of vitamin A on iron absorption and generated
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contradictory results. Vitamin A or β-carotene added to flour increased absorption of

non-heme iron in Venezuelan subjects when fed iron fortified rice and maize and wheat

bread (77). The same effect was shown when meals were consumed with coffee or tea

(78). It was proposed that vitamin A blocks the polyphenol and phytic acid-induced

inhibition of iron absorption (78). Recently, Walczyk et al (79) measured iron absorption

by stable- and radioactive-isotope techniques in young Swiss and Swedish adults

following consumption of corn bread with or without vitamin A and served with water or

coffee. There was no effect of vitamin A on iron absorption from the test meals. In

addition, it was recently reported that iron and vitamin A deficient children in the Côte

d’Ivoire fed a maize gruel showed an inhibitory effect on iron absorption when the gruel

was supplemented with vitamin A (80). The methods used in the studies above were

based on erythrocyte incorporation of iron stable or radioactive isotopes. The effect of

vitamin A on iron could be on the absorption or utilization stage or both. The previously

reported positive effect of vitamin A on non-heme iron absorption was not confirmed.

The difference in the socioeconomic status of the subjects between studies and therefore,

their nutritional status could have accounted for the difference in results. The extent of

iron and VAD, inflammation status, malaria and intestinal parasites in the subjects in the

Venezuela and Côte d’Ivoire studies, conditions common in these countries (81), is not

known. These factors could have influenced iron and vitamin A status and confounded

the results. Further studies are needed to elucidate the interaction between vitamin A and

iron absorption and the influence of inflammation, vitamin A and iron status on this

interaction.
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Effect of vitamin A supplementation on anemia and iron status

The literature on the impact of vitamin A on anemia is conflicting. Several clinical trials

have shown a positive effect of vitamin A, supplementation or fortification of food, on

anemia and iron status in children and pregnant women. In addition, dual

supplementation of iron and vitamin A was shown to have a greater impact on Hb

concentrations and iron status indices than iron or vitamin A supplementation alone.

However, other studies have shown no additional significant effect of vitamin A when

given alone or in combination with iron on anemia. In Indonesian pregnant women, a 1.5

g/dl increase in Hb was observed with 2.4 Retinol Equivalents (RE) + 60 mg of iron

daily, compared to 1.0 g/dl increase with 60 mg iron, 0.6 g/dl increase with 2.4 RE, and

0.2 g/dl increase with placebo (82). After supplementation, the percentage of women who

were no longer anemic was 97%, 68%, 35% and 16%, respectively, in the 4 groups. This

study suggests that vitamin A supplementation alone during pregnancy can increase Hb

levels and reduce the prevalence of anemia and that vitamin A in addition to iron can

offer an additional protective effect. Similarly, in another study, iron and vitamin A

status in pregnant women in West Java, Indonesia, was more improved by the

combination of iron and vitamin A supplementation than by either nutrient alone (83).

Other investigators explored the effect of vitamin A in combination with iron and folic

acid on Hb concentrations and showed improvement in Hb levels (84). Pregnant women

who were supplemented with vitamin A and iron (and folic acid) on a weekly basis had a

greater increase in Hb (0.37 g/dl) at near term than women supplemented with weekly

iron (0.21 g/dl) or daily iron alone (-0.07 g/dl) (85). There was an accompanying
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decrease in ferritin in the iron and vitamin A group and an increase in sTfR in all 3

groups. These data suggest possible increased iron mobilization from body stores and

increased erythropoiesis (85). The improvement in the Hb concentrations observed at

near term post-supplementation with vitamin A in the study by Muslimatum et al (85)

was not sustained until the postpartum period in lactating women (86). This was not

surprising given that the increase in Hb was much less than that reported previously (82).

A study conducted in Zimbabwe investigated the effect of β-carotene rich foods on Hb in

lactating women (87). Women were randomly assigned to receive daily a placebo, 6 mg

β-carotene capsules, pureed papaya or grated carrots. Hb levels increased in the β-

carotene and the papaya groups significantly more than in the placebo group. These

findings reinforce the importance of food-based approaches to improve the nutrient status

of women.

Intervention studies in which vitamin A alone improved hematological status include that

of Muhilal (88) who showed that vitamin A-fortified monosodium glutamate (MSG)

increased Hb by 1.0 g/dl among Indonesian preschool children over a period of 5 months.

Similarly, supplementation with vitamin A alone improved Hb in children in Thailand

(89, 90), Guatemala (91), Indonesia (62), Tanzania (92) and Morocco (66).

Other studies have shown no additional significant effect of vitamin A on Hb

concentrations. Semba et al (62), in a controlled clinical trial, did not see an increase in

Hb or EPO concentrations among pregnant women with a high prevalence of anemia in
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Malawi. Likewise, pregnant women found to be anemic were randomized to receive two

different doses of daily vitamin A or placebo; vitamin A supplementation did not have a

significant impact on anemia, severe anemia and iron status (93).

The inconsistencies of the results of the studies on the role of vitamin A in iron

metabolism are hard to explain. They highlight the complexity of the interaction between

these two micronutrients. However, taken together, the evidence presented above that

vitamin A influences iron metabolism is overwhelming and warrants further study.

Maternal hematological status and pregnancy outcomes

In a 2002 report by the WHO (94), iron deficiency, was among the top 10 risk factors for

“lost years of healthy life”, after underweight, tobacco use and unsafe water and

sanitation. Anemia among women decreases work productivity and makes it more

difficult to carry out daily tasks and to care for children. It results in weakeness during

pregnancy and delivery and reduces chances of surviving blood loss during and after

childbirth. Additionally, anemia increases the risk for adverse birth outcomes such as

LBW and premature birth.

Effect of anemia on maternal mortality and morbidity

There are currently no agreed international standards or set of criteria for attributing

death to anemia. In developing countries, in particular, where clinical information is
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incomplete, it is difficult to establish the cause of death. Hence, available data on the

association between anemia and maternal mortality are limited and methodologies used

to measure this association are flawed (4). Most of the published studies are hospital-

based and conclusions are drawn from a single measurement, Hb. However, maternal

mortality and morbidity are also related to the underlying causes of anemia such as HIV,

malaria, hemorrhage, etc. Intervention studies with maternal mortality as an outcome

measure are required to determine causality, but these are very difficult to conduct for

ethical reasons. Thus, data from available studies should be considered as

approximations.

Nearly, 600,000 women die each year as a result of pregnancy complications and

childbirth, 99% of deaths occur in developing countries (95). Maternal mortality resulting

from anemia has been estimated at 34/100,000 live births in Nigeria (96) and as high as

194/100,000 live births in Pakistan (95). Women in developing countries have a risk of

dying in pregnancy and childbirth that is 50 – 100 times greater than women in developed

countries. The large difference in risk is primarily due to the difference in availability and

adequacy of antenatal care and timely access to obstetric care. The risk of death is

greatly increased with severe anemia (Hb <70 or 80 g/L) by a factor of 3.5; there is little

evidence of increased risk associated with mild or moderate anemia (4). Conservative

estimates suggest that anemia is the direct cause of 3 -7% of maternal deaths worldwide.

Other estimates suggest that it is the direct or indirect cause of 17 – 46% of cases of

maternal deaths (97). Morbidity resulting from anemia is hard to establish. Decreased



37

work output and physical performance and increased risk for infection have been reported

as a result of anemia (25).

Maternal anemia and birth outcomes

Inconsistent results exist in the literature regarding the relationship between maternal

anemia and adverse birth outcomes: In several studies, anemia in pregnancy has been

associated with increased risks for LBW (5-14) and premature labor (5-10, 13, 14, 98),

whereas in other studies (19, 88, 99-101) there was no association found. Both LBW and

preterm delivery are common in developing countries and contribute to perinatal

mortality (102). The prevalence of LBW lies within the range of 18% to 30% reported in

South Asian countries such as Bangladesh (12) and India (11, 103). In a study in

Kathmandu, Nepal (104), 17% and 6% of pregnant women attending a local hospital had

LBW infants and preterm deliveries, respectively.

In most studies, severe anemia rather than mild or moderate anemia increased the risk of

LBW and preterm birth. Severe anemia increased the risk of LBW by 2.48 in rural

Bangladesh (12) and by 4.81 in India (11). Higher rates of LBW and preterm delivery

were observed among anemic women (Hb < 10.0 g/dl) compared to non-anemic women

in a retrospective population-based study in Israel (10). Similarly, in Nepal, women with

severe anemia (hematocrit ≤ 24%) had a significantly increased risk of delivering LBW

(AOR = 2.4) or preterm (AOR = 3.5) infants compared to those of the reference category

(hematocrit 34 – 36%) (104). A significant association between maternal severe anemia
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and perinatal death was shown in few studies (5, 15). In Papua New Guinea (105), a

stillbirth rate of 94 per 1000 was observed among women with severe anemia (< 6 g/dl).

Scholl et al (6) studied the association of IDA versus anemia caused by other factors with

LBW and preterm delivery and found that the odds of LBW tripled and those of preterm

delivery more than doubled with iron deficiency, but were not increased with anemia

from other causes.

Proposed mechanisms through which IDA contributes to adverse pregnancy outcomes

include:

• A decrease in oxygen supply to the fetus, caused by low circulating Hb,

stimulates a stress response (106). As a result, corticotropin-releasing hormone

(CRH) is increased (107). CRH was shown to be a major risk factor from preterm

labor (108), intrauterine growth retardation (IUGR) (109) and preeclampsia (110).

• An increase in serum norepinephrine concentrations (111) and risk of maternal

infections (112) as a result of iron deficiency, independently of anemia, which

might also increase CRH (113).

• An increase in oxidative damage to erythrocytes and the fetoplacental unit caused

by iron deficiency (114, 115).

In addition, studies have suggested a differential effect of trimester-specific Hb level on

birth outcomes. No association between third-trimester severe anemia and LBW or

preterm birth has been reported (13, 14, 98, 116, 117). This could be due to the
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physiological hemodilution that normally occurs during pregnancy. Blood volume

expands throughout the first and the second trimester, reaches a plateau early during the

third trimester and decrease again near term (116). Therefore, it may be difficult to

differentiate between dilutional or physiological anemia and true anemia, during the third

trimester when blood volume expansion is at its peak.

High hemoglobin levels during pregnancy and birth outcomes

Failure of blood volume to expand properly also could lead to pregnancy complications.

The decrease in blood volume expansion leads to decreased transport of oxygen and

nutrients to the fetus through the placenta and as result restrict fetal growth (118).

Additionally, increased blood viscosity is associated with a 3-fold increase in incidence

of preeclampsia in pregnancy (5). These factors might be the reasons behind the

increased risk of adverse birth outcomes observes with higher than normal levels of Hb

(5, 7-9, 13) or hematocrit (7, 117, 119).

High hematocrit values significantly increased risk of intrauterine growth retardation

(117, 119), LBW and preterm delivery (5). High Hb level (> 14.4 g/dl), during the first

and the second trimester, was associated with small for gestational age but not preterm

birth (13). Similarly, risk for LBW was increased by Hb > 12 g/dl during the second and

third trimester. Based on these studies, high Hb or hematocrit during pregnancy should be

regarded as a signal for possible pregnancy complications.
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Clinical and laboratory assessment for indicators of iron and vitamin A status

Different laboratory tests exist for the evaluation of iron status, anemia and vitamin A

status. However, when conducting research in a developing country, one must keep in

mind the logistics involved in sample collection and processing when choosing the

indicator and the method to be used. Not only should the method be field-friendly,

simple, inexpensive and easy to use, it also has to be reliable in order to provide accurate

information on which public health policies and intervention programs are based.

Iron status

Laboratory tests commonly used in the clinical assessment of IDA are Hb, hematocrit,

serum iron, total iron binding capacity, EPO, free erythrocyte protoporphyrin, bone

marrow aspirates, ferritin, and soluble transferrin receptor (sTfR). The examination of the

bone marrow aspirates for iron content is considered the gold standard for assessing iron

status (120). However, this method is expensive, invasive and not practical for use in

field studies. The other markers of iron deficiency tend to be less reliable and not

sensitive enough during pregnancy because they are altered by gestation, expansion of

plasma volume and infection, independent of iron status (18, 24). For example,

concentrations of ferritin, the iron storage protein, correlate well with iron stores (121,

122); however, serum ferritin does not identify those with functional iron deficiency and

its concentrations are decreased after the first trimester of pregnancy even if iron balance

is still positive (15).
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In the following sections, the diagnostic utility of Hb and sTfR during pregnancy will be

highlighted. These two indicators were used to measure iron deficiency and anemia,

respectively, in the present study.

Hemoglobin. The WHO defines anemia during pregnancy as Hb < 11.0 g/dl in the first

and third trimester of pregnancy or when the trimester is unknown and < 10.5 g/dl in the

second trimester of pregnancy (1). These values have been adjusted for the expansion in

plasma volume that causes the Hb to be diluted. Anemia in pregnancy is further divided

into mild anemia (Hb 10.0 – 10.9 g/dl), moderate anemia (Hb 7.0 – 9.9 g/dl) and severe

anemia (Hb < 7.0 g/dl) (1). In most of the published literature, however, a cutoff of 11.0

g/dl has been used for anemia independent of gestation and a cutoff of 8.0 g/dl for severe

anemia.

An accepted standard of practice is that all women have at least one Hb measurement

during pregnancy. This is usually carried out by automated (Coulter) counter. However,

in developing countries, a portable Hb photometer (HemoCue) has been widely used as a

simple and accurate alternative (42). Hb is measured with a finger-prick sample of whole

blood drawn up directly into a disposable microcuvette by capillary action and inserted

into a HemoCue photometer. The HemoCue has been found to have a sensitivity of

between 80% and 97% and a specificity between 79% and 99% depending on the cutoff

points for Hb used (123, 124). Where a Hemocue is not available, detection of anemia
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often relies solely on conjunctival inspection in pregnant women, which has low

sensitivity (42) and therefore is insufficient.

Scholl and Hediger (116) suggested that during pregnancy, it may be difficult to

differentiate between dilutional anemia and true anemia using Hb as an indicator.

Because the extent of plasma and red cell mass expansion changes throughout gestation,

the time of pregnancy at which Hb is measured should be taken into consideration when

interpreting Hb measurements. Presumably, women who test positive for anemia in late

pregnancy are false positives because plasma volume expansion reaches its highest point

during the third trimester. On the other hand, more women who test positive for anemia

in the second trimester are true positive.

Soluble transferrin receptor (sTfR). Transferrin receptor controls the entry of iron-

bearing transferrin into cells. Soluble transferrin receptor (sTfR) is a soluble truncated

monomer of tissue receptor and it is detected in serum in concentrations proportional to

tissue content (18). sTfR has been suggested as a more sensitive and specific marker of

iron deficiency during pregnancy because, unlike conventional laboratory tests, it is

comparatively not confounded by gestational effects and acute inflammatory states (120,

125-128). sTfR represents a valuable assay for erythropoietic activity and marker of

tissue iron deficiency (120, 129).



43

Iron status influences sTfR levels, which are increased in IDA, but remain stable in

anemia of inflammation (129). But the most important determinant of sTfR appears to be

marrow erythropoietic activity; therefore, altered erythropoiesis can modify sTfR

independently of iron status (130). It is recommended that sTfR is not used by itself to

evaluate iron status because its measurement may be confounded by conditions marked

by enhanced erythropoiesis, such as megaloblastic and hemolytic anemias. Active

malaria is associated with stimulated erythropoiesis brought about by hemolysis, but also

with suppression of erythropoiesis by inflammation (120). It has been suggested by few

studies that sTfR levels decrease in the first two semesters and slightly increase in late

pregnancy, reflecting altered erythropoiesis (131-133). However, when the increase in

sTfR is above the reference cutoff, it reflects tissue iron deficiency; this elevation in sTfR

is above levels observed in non-iron-deficient pregnancies (133-135). In contrast to these

findings, Carriaga et al (125) indicated that pregnancy did not influence receptor

concentrations and that sTfR had a high sensitivity in detecting iron deficiency

throughout gestation. Most studies concluded that in most situations where iron status

assessment is problematic, sTfR is a reliable and sensitive indicator of iron status during

pregnancy. Some investigators recommended that since ferritin reflects iron stores and

sTfR reflects cellular iron, the combined use of these two measurements allow accurate

definition of the entire spectrum of body iron status during pregnancy (18, 125).

Due to logistic constraints associated with serum sample collection and processing in

poor developing countries, whole blood collected and dried on filter paper is now widely
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used to measure sTfR. The dried blood spot (DBS) method provides a minimally invasive

and reliable method that correlates well with serum measurements (Pearson R = 0.942, P

< 0.001) (136). The same method is used to measure RBP, C-reactive protein and α1-acid

glycoprotein using enzyme immunoassay (137).

Vitamin A status

There are many indicators used to assess vitamin A status. Many of these indicators are

excellent to study vitamin A metabolism and the functional effects of VAD. However, in

developing countries where VAD is prevalent and resources are scarce, there is a need for

screening tests to identify people with VAD and therefore, those who are in greatest need

for vitamin A supplements. The screening test should have a high degree of sensitivity

and specificity, should be of minimal cost and easy to administer under field conditions

by people with limited education. Currently, methods used to assess vitamin A status

include biochemical measurements, examination of the conjunctivae, dark adaptation

tests, history of night blindness, and dietary studies. The following section will

summarize some of the literature on these methods focusing on their usefulness in the

field.

Biochemical assessment of vitamin A status. Measuring retinol in serum collected by

venipuncture is expensive and requires sophisticated equipment. In addition, serum

retinol is kept under homeostatic control and is generally not a good indicator of liver

stores. Retinol concentration is more useful in predicting vitamin A status of a population
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rather than an individual (138). The modified relative dose response (MRDR) test, on the

other hand, measures the vitamin A status of an individual by measuring the response of

serum retinol to a “loading dose” of a vitamin A isomer; however, it requires the

collection of two blood sample in the same day. Recently, Craft et al (139) reported the

development of a high performance liquid chromatography (HPLC) to measure retinol in

DBS. The DBS method has many advantages over plasma retinol or RDR including:

easier collection, transport and storage, accessibility to younger and more remote

populations, and decreased risk of disease transmission (139).

Examination of the conjunctivae. Conjunctival impression cytology (CIC) is one of the

physiologic indicators of vitamin A status. Filter paper applied to the conjunctivae allows

for evaluation of epithelial morphology and the detection of mucin spots or goblet cells,

indicative of keratinizing metaplasia typical of VAD. However, the utility of CIC as a

method to evaluate impact of intervention programs is limited and interpretation of

specimens requires considerable training (140).

Dark adaptation tests. Simpler methods have been developed in which dark adaptation is

evaluated by the responsiveness of the pupil to light. How well one can see at night is

related to vitamin A status. The pupillary dark adaptation results correlated well with

retinol concentrations and RDR. However, its use is limited in that it requires training, a

time course of recovery as long as 4 – 6 weeks, a testing time of 20 minutes and is not

acceptable by children < 2 yrs (140).
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The Night Vision Threshold Test – a measure of impaired dark adaptation. The Night

Vision Threshold Test (NVTT) instrument is a small, portable, battery-operated machine

that is used to assess night blindness. It uses a light-emitting diode (LED) to project a

round uniform circle of light on a standardized screen in a darkened room. The screen is

10 feet away. At this distance the light beam has a diameter of 30 cm. The instrument

has 7 buttons that corresponds to different light intensities, 1 being the brightest and 7 the

dimmest. In addition, there is an on/off switch and a low battery indicator light.

To conduct the NVTT, the pregnant woman is seated on a chair facing the screen and

dark-adapted for 10 minutes before the test starts. The light beam is projected onto the

screen at the same level of the subject’s eyes. The test progresses by alternating the

position of the light beam from left to right by using the different light intensities until the

dimmest light is seen by the subject. The NVTT score can range from 1 to 7

corresponding to the dimmest light seen. Pregnant women who are unable to see the

dimmest light (NVTT score < 7) are considered to have impaired dark adaptation.

A study was conducted in Nepal by Taren et al. (141) to validate the NVTT as an

indicator of impaired dark adaptation in pregnant women. The NVTT was able to predict

low serum vitamin A levels in this population. The NVTT results and serum retinol levels

were also related (r = 0.41) in Ugandan young children (142).

History of night blindness. A history of night blindness remains the most frequently used

indicator of the earliest and mildest expression of clinical xerophthalmia (143, 144). The

standardized questions for diagnosing night blindness are presented below. These
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questions are used in Nepal and were used in this present study to diagnose night

blindness in pregnant women.

Question Procedure
1. Do you normally have any
difficulties seeing during the day?

If yes, do not proceed to next question and do
not treat for night blindness.

If no, proceed to next question.
Do you have any haziness or blankness
in your vision in the evenings and/or at
night?

Do you have night blindness?

If no, do not treat for night blindness.

If yes and in the 1st trimester, do not treat;
advise to eat vitamin A rich foods and advise
to return for check up as soon as the 1st

trimester is over.

If yes and in the 2nd or 3rd trimester, treat for
night blindness.

Public health officials have adopted the question about night blindness because it is

simple and cheap. This method, however, is very subjective and does not determine the

severity of dark adaptation.

Dietary studies. Dietary assessment methods for determining the dietary intake of

vitamin A are different for a person versus a population. Seasonal variations, fat intake,

foods high in carotenoids and intake of vitamin A supplements should be taken into

consideration when estimating vitamin A intake. These factors make an accurate

quantitative assessment of dietary intake for vitamin A difficult to obtain. A semi-

quantitative food frequency method can be more easily adapted to estimate intake of an

individual or a population.
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Nepal – country profile

Nepal remains one of the poorest countries in Asia with 31% of the population living

under poverty line. Agriculture forms the basis of the economy, providing income for

three-fourths of the population. Industrial activity mainly involves the processing of

agricultural produce including jute, sugarcane, tobacco, and grain. Nepal is rich in scenic

beauty and culture. However, security concerns relating to the Maoist conflict have led to

a decrease in tourism. The ongoing political instability has made it harder for reform

programs to be successful. Table 2 presents some facts about the geography,

demographics and health in Nepal (145).

Table 2 Country profile (CIA World Fact Book 2007)

Location Southern Asia, between China and India
Total area 147, 181 Km2

Climate
varies from cool summers and severe winters in
north to subtropical summers and mild winters in
south; summers characterized by monsoons

Population 28,901,790

Age structure
0-14 years: 38.3%
15-64 years: 57.9%
65 years and over: 3.8%

Birth rate 30.46 births/1,000 population
Death rate 9.14 deaths/1,000 population

Infant mortality rate
total: 63.66 deaths/1,000 live births
male: 61.87 deaths/1,000 live births
female: 65.54 deaths/1,000 live births

Life expectancy at birth
total population: 60.56 years
male: 60.78 years
female: 60.33 years

Total fertility rate 4.01 children born/woman
HIV/AIDS - adult prevalence rate: 0.5%
Religions Hindu 80.6%, Buddhist 10.7%, Muslim 4.2%
Literacy definition: age 15 and over can read and write
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total population: 48.6%
male: 62.7%
female: 34.9%

Unemployment rate 42%
Below poverty line 31%

Prevalence of anemia and vitamin A deficiency in Nepal

Anemia has been largely identified as a serious public health problem in Nepal (28, 29,

146, 147). According to a 1998 National survey, the overall prevalence of anemia (Hb <

11.0 g/dl) in pregnant women was 75%, with 6% of women exhibiting severe anemia (Hb

< 7.0 g/dl). Prevalence is highest among rural women living in the terai (148).

Additionally, more than 78% of preschool children and 68% of women of reproductive

age suffer from anemia in rural Nepal (148).

In 1998, the overall prevalence of night blindness in women of reproductive age was 5%.

Over 17% reported having night blindness in their previous pregnancy. Rates are higher

in rural areas than urban areas. Additionally, the highest rates of night blindness occur in

the eastern and the central terai. According to serum retinol levels, 17% of women had

VAD (148).

Supplementation in Nepal

The Nepali MOH has been distributing iron supplements with deworming tablets to

pregnant women through the FCHVs and to anemic women in health facilities. There

have been efforts to raise awareness about anemia and iron supplementation through



50

training of health workers; however, the coverage has not been enough to eliminate

anemia and iron deficiency (2). Also, the MOH advocates treating night blind pregnant

women with low-dose vitamin A supplements (200,000 IU) after the first trimester of

pregnancy. Despite the ongoing national efforts, pregnant women are still at high risk for

IDA and VAD (2).
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CHAPTER 2

OVERALL STUDY

The present study was part of a larger intervention study aimed at evaluating and

comparing two approaches to the distribution of vitamin A supplements to pregnant

women with night blindness: “take home” versus “clinic-based” systems through a

cooperative agreement with the Association of Schools of Public Health and the U.S.

Centers for Disease Control and Prevention. The Nepali Ministry of Health (MOH)

passed a policy to treat pregnant women suffering from night blindness in accordance

with global recommendations: all night blind pregnant women should be treated with a

weekly low-dose (25,000 IU) vitamin A capsule for at least 4 weeks after the first

trimester of pregnancy. The most efficient distribution method of either “take home” or

“clinic-based” will form the final treatment protocol. Below is a brief description of the

original research protocol and methodology.

PROTOCOL AND METHODOLOGY OF ORIGINAL RESEARCH

The study was done in collaboration with the Nepali Technical Assistance Group

(NTAG), a local non-governmental organization. I participated in all aspects of the study
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after funding was secured. A series of internet discussions and in-person meetings were

used to develop culturally-appropriate questionnaires to collect data on socio-

demographic characteristics, obstetrical history, current health status, dietary intake of

pregnant women living in the rural terai of Nepal. With the help of Ram Shrestha, the

founder of NTAG, Pooja Pandey, the project coordinator in Nepal, and Sanju Shrestha,

the data manager, we were able to translate all documents and questionnaires from

English to Nepali. At the start of the project, we conducted a comprehensive training of

the clinic staff, NTAG staff and Female Community Health Volunteers (FCHV) in the

NTAG main office located in Kathmandu, Nepal. One of the challenges we faced

throughout the project is the language barrier which slowed down communication

between us and the project staff, not only during the workshop but also during the study.

The study personnel were trained as appropriate on the protocols described below.

Pregnant women (n = 3531) in their second or third trimester were invited to participate

in the study during antenatal clinic visit. They had to be between 18 and 40 years of age,

not blind and able to understand instructions and sign the consent form. Women

answered a set of standardized questions on the following: demographic information,

obstetrical history, current health status, dietary intake, and standard questions on the

presence of night blindness. Weight, height and mid-upper arm circumference of the

women were measured. Stool samples were collected for assessment of presence of

helminthes infection. Women participated in the Night Vision Threshold Test (NVTT) to

assess the presence of impaired dark adaptation. We planned to have 500 consecutive
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women screened to provide capillary blood samples from a finger prick to measure iron

status, vitamin A status and inflammation using dried blood spots (DBS). Each

participant’s finger was cleaned with alcohol and then pricked with a sterile, disposable

micro-lancet (BD Microtainer GENIE Lancets; Fisher Scientific, Springfield, NJ). Drops

of whole blood were applied to a standardized filter paper (Schleicher and Schuell #903,

Keene, NH), on which up to 5 blood spots can be collected. Samples were dried for

several hours at room temperature away from UV light, placed in air tight zip-lock plastic

bags with desiccants and then stored in a refrigerator until shipped for analysis. DBS

retinol measurements were used to validate the NVTT. Women who reported having

night blindness or who failed the NVTT were considered cases and were given vitamin A

supplements (25,000 IU/week) for four weeks following the Nepali MOH standard

protocol. Women in the “take home” system took their first dose in the clinic and were

provided 3 doses to take home over the following 3 weeks. Women in the “clinic-based”

system took their first dose in clinic and returned once a week for the subsequent 3

weeks. Women who were considered cases were matched with controls (women who

passed the NVTT and did not report night blindness) based on age, gestation and parity.

Both cases and controls returned to the clinic to report on their night blindness status and

to retake the NVTT again. Home visits were made to take the birth weight of newborns

within 48 hours of birth and after 28 days and to identify any perinatal deaths.
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DISSERTATION

For the present study, various subsets of women from the larger study were included. All

these women followed the same protocol as described above. Additional blood samples

were taken from subjects at baseline and follow-up to measure soluble transferrin

receptor (sTfR), retinol binding protein (RBP), C-reactive protein (CRP), α1-acid

glycoprotein (AGP) and hemoglobin (Hb). A food frequency questionnaire (FFQ)

focusing on dietary intake and patterns related to iron was administered. Smoking

exposure was measured by a questionnaire and validated by urinary cotinine.

While the parent study focused on vitamin A supplementation in treating night blindness

in rural Nepali pregnant women, the present study centered around anemia and iron status

of the women, their risk of adverse pregnancy outcomes and the influence of vitamin A

supplementation on Hb and sTfR. It represents a unique evaluation of the characteristics

of women who are severely anemic and at high risk of delivering low weight or preterm

babies.

My role

Among the most satisfying experiences for me as a researcher was the interaction with

the study staff and participants during my two visits to Nepal. The purpose of the first

trip, which was ten days long, was to train the staff on study protocols, translate all



55

documents from English to Nepali and discuss with the staff the quality and culture-

appropriateness of the study questionnaires. A year into the study, I made another trip to

Nepal for six weeks, most of which I spent in the main office of NTAG, located in

Kathmandu. In addition, I spent time in Sunsari, one of the districts where we conducted

the study. My to-do list included:

• Field observations of acquisition of consent, questionnaire administration,

collection of biological samples, anthropometric measurements and NVTT.

• Home visits to collect birth data and measure birth weight of the participants’

babies.

• Obtaining feedback from study staff on quality of questions included in the

questionnaires.

• Weighing the FFQ food items as they are consumed by the study participants

using locally used serving utensils to calculate grams of iron per serving of food.

• Updating enrollment data.

• Data entry QA/QC.

• Creating the various datasets that allowed me to investigate my research

questions.

My research has required an integrated understanding of local food consumption patterns

and nutrition, health concerns, medical practices, logistic challenges and community-

level power structures. The more I learned about the complexity of conducting
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international research, the more I valued the commitment of scientists to improve health

in developing countries.

Specific aims

The present study proposes to characterize anemia and iron status in rural Nepali

pregnant women and identify the associated risk factors and relationship with adverse

pregnancy outcomes. The specific aims of this study were:

Aim 1. To assess the prevalence of severe anemia and investigate the associated socio-

demographic, nutritional and health risk factors.

Aim 2. To determine whether predictors of iron deficiency with or without anemia are

similar or different than predictors of anemia without iron deficiency.

Aim 3. To examine the change in hemoglobin and soluble transferrin receptor in response

to iron and vitamin A supplementation, alone and combined.

Aim 4. To study the correlation between hemoglobin and retinol.

Aim 5. To investigate the association between maternal risk factors and low birth weight

and preterm delivery.

Aim 6. To study the relationship between maternal hemoglobin level and low birth

weight and preterm delivery and how the relationship differed by trimester of

pregnancy.



57

It was hoped that successful completion of these specific aims would provide valuable

information to micronutrient programs in Nepal to form the basis for a more effective

approach to control anemia targeted at the at-risk population in rural areas, and therefore,

lower the burden of low birth weight and preterm delivery.
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CHAPTER 3

PREVALENCE AND RISK FACTORS ASSOCIATED WITH ANEMIA, IRON

DEFICIENCY AND IRON DEFICIENCY ANEMIA IN RURAL NEPALI

PREGNANT WOMEN

ABSTRACT

Objective: To investigate factors associated with severe anemia (hemoglobin < 8.0 g/dl)

and iron status in Nepali pregnant women.

Design: Cross-sectional study.

Setting: Southeastern plains of Nepal.

Methods: Socio-demographic, anthropometric, health and dietary information, stool

samples for intestinal helminths, Night Vision Threshold Test (NVTT) to assess dark

adaptation, and hemoglobin (Hb) measurements were collected from 3531 women.

Soluble transferrin receptor (sTfR) was measured from 479 women. Logistic regression

was used to determine factors associated with severe anemia and “iron status”. The ‘iron

status” categories were: 1) “normal” (Hb ≥ 11.0 g/dl and sTfR ≤ 8.5 mg/L); 2) “anemia

without iron deficiency” (Hb < 11.0 g/dl and sTfR ≤ 8.5 mg/L); 3) “iron deficiency

without anemia” (Hb ≥ 11.0 g/dl and sTfR > 8.5 mg/L); and 4) “iron deficiency anemia”

(IDA; Hb < 11.0 g/dl and sTfR > 8.5 mg/L).
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Results: Hookworm infection increased the risk for developing severe anemia (AOR:

4.26; 95% CI = 1.67, 10.89) and “IDA” (RRR: 2.18; 95% CI = 1.14, 4.16). Impaired dark

adaptation was a common risk factor for iron deficiency with and without anemia. Intake

of iron supplements as tablets and/or tonic was protective against severe anemia, “anemia

without iron deficiency” and “IDA”. Dietary heme iron was associated with “iron

deficiency without anemia” (RRR: 0.1; 95% CI = 0.02, 0.47) but not “IDA” (RRR: 0.48;

95% CI = 0.23, 1.03).

Conclusion: These data support that there is overlap in the risk factors for iron deficiency

and anemia and the need for integrated intervention programs.
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INTRODUCTION

Iron deficiency is known to be the single largest cause of anemia in developed countries;

however, it is not always the only or primary cause of anemia in the developing world

(25). Anemia in these countries frequently can result from other nutritional deficiencies

such as folate and vitamin B12 deficiencies, as well as malaria, infectious and other

parasitic diseases (25). Additionally, several studies showed an association between

vitamin A deficiency (VAD) and anemia (29, 33, 46, 149). Severe anemia during

pregnancy reduces the woman’s ability to survive obstetric complications during and

after childbirth and may result in premature and/or low birth weight babies (118, 150,

151).

The distinction between iron deficiency anemia (IDA) and anemia due to other factors

enables program managers to design effective intervention strategies that target the

underlying causes of anemia. In addition, it may allow the distribution of necessary

treatments, commonly in short supply in developing countries, to the most vulnerable

groups of pregnant women.

The objectives of the present study among pregnant women in the rural plains of Nepal

were: 1) to identify factors associated with severe anemia; 2) to determine whether risk

factors for “anemia without iron deficiency”, “iron deficiency without anemia” and

“IDA” differed. Information from this study about the different risk factors and their
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relative importance should help form the basis for a more effective approach to control

anemia in the at-risk population in rural Nepal.

SUBJECTS AND METHODS

Pregnant women were recruited during their regular antenatal visit from six health care

centers located in two districts in the south eastern plains (terai) of Nepal, Parsa and

Sunsari. Eligible women were in their second or third trimester of pregnancy and between

18 and 45 years of age. Exclusion criteria included women who were blind, less than 12

weeks of gestation and unable to understand the instructions or not willing to provide

signed consent. A total of 3531 pregnant women were enrolled in the study over a 12

month period.

Socio-demographic, morbidity variables and parasitic infection

At enrollment, demographic information was compiled on date of birth, marital status,

education, household size and the subject’s occupation. Recent morbidity episodes were

collected with regards to the number, duration and type of illnesses during the current

pregnancy, specifically respiratory illness, diarrhea and fever. In addition, women were

asked whether they had received treatment for intestinal helminths and malarial

infections in the past six months prior to enrollment. Current helminths infection was
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confirmed by a stool test using the Kato-Katz method (152). Infected subjects were

treated with a single dose of 400 mg of Albendazole per the Nepali Ministry of Health

(MOH) regulations.

Obstetrical history and anthropometric assessment

Interviews to collect data on reproductive history of the subjects included parity and

gestational age. Gestational age was estimated by counting the weeks from the subject’s

last reported menstrual period (LMP) to the date at the time of the interview. Weight,

height and mid-upper arm circumference (MUAC) were measured using standardized

methods (153).

Dietary intake assessment

Information was collected on the intake of iron tablets and tonic, also called “energy

bottle”. A semi-quantitative food frequency questionnaire (FFQ) consisting of foods

commonly consumed by the study population was administered by interviewers. Foods of

animal and plant origins were considered for heme and nonheme iron intakes,

respectively. Enhancers of iron absorption included foods rich in vitamin C and inhibitors

included dietary phytates and tea (rich in tannins). The serving units were based on

locally used serving utensils. Food items were then placed in these utensils and weighed

in order to determine the gram equivalent of each serving unit of food consumed. Iron,
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vitamin C and phytate contents per 1 gram of food were determined using USDA

National Nutrient Database (USDA Food Search, version1.0, SR18). Then, for each

subject, daily dietary heme, non-heme and total iron, vitamin C and phytate intakes in

grams were calculated. Since tea consumption was low, we reported it as a “yes/no”

variable.

Iron and vitamin A status assessment

The subject’s dark adaptation or night vision was assessed by questionnaire and using the

Night Vision Threshold Test (NVTT). NVTT scores ranged from 0 to 7. A woman with

a score of 6 or less was considered to have night blindness; the lower the score the more

severe the night blindness (141, 142). Women who were identified with night blindness

received 4 weekly doses of 25,000 International Units (IU) of vitamin A following the

Nepal’s MOH standard protocol. Hemoglobin (Hb) was measured (n = 3509) using a

HemoCue photometer (HemoCue; Leo Diagnostics, Helsingborg, Sweden). Anemic

subjects (Hb < 11.0 g/dl) were given 30 doses of 60 mg iron supplements and were

instructed to take one per day.

In addition, a subsample of 479 consecutive women provided capillary blood samples

from a finger prick to measure soluble transferrin receptor (sTfR), retinol binding protein

(RBP), retinol, C-reactive protein (CRP) and α1-acid glycoprotein (AGP) using dried

blood spots (DBS) (139, 154). Samples were dried for several hours at room temperature
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away from UV light, placed in air tight zip-lock plastic bags with desiccants and then

stored in a refrigerator (2 – 8°C) until shipped for analysis.

Statistical analysis

The first analysis was done with the total sample of 3509 women to determine factors

associated with severe anemia. A second analysis was conducted with the subsample of

479 consecutive women who provided complete biochemical measurements to determine

factors associated with various aspects of iron status and anemia.

All data were analyzed using STATA (version 8.0; StataCorp LP, College Station, TX).

Descriptive statistics included frequencies and/or means (with standard deviations) for

maternal socio-demographic, anthropometric, health and biochemical variables.

Hookworm egg count data were grouped into the World Health Organization (WHO)

standard categories (152) for the descriptive part of the analysis and then were analyzed

in increasing 1000 eggs/g feces (epg) categories for bivariate and multivariate analyses of

severe anemia. We defined severe anemia as Hb of < 8.0 g/dl and iron deficiency as sTfR

> 8.5 mg/L. CRP > 5 mg/L and AGP > 1 mg/L indicated acute and chronic infection,

respectively. Retinol and RBP < 1.05 µmol/L indicated VAD. Quantiles of distribution

were used to categorize the anthropometric and dietary variables. All independent

variables were treated as categorical variables throughout the analysis.
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Unadjusted bivariate analysis was used as a screening tool to evaluate the statistical

significance of variables associated with severe anemia as a binary outcome (present or

absent) by running chi-square (χ2) tests. To predict the risk of severe anemia, we fit a

multivariate logistic regression model using the Allen-Cady modified backward selection

method (155). In light of findings of previous studies, age, literacy, parity, gestational

age, hookworm infection intensity and Trichuris trichiura (T. trichiura) infection were

accounted for in the model regardless of statistical significance for face validity and to

rule out confounding. Next, all variables that were statistically significant at P < 0.2 in

the bivariate analysis were ranked in order of importance and entered into the model.

They were then subjected to removal until the first variable meeting the criterion for

retention (P < 0.05) was encountered. Based on several diagnostic tests, model lack of fit

and inadequacy were ruled out.

To determine whether risk factors of anemia with and without iron deficiency and ”iron

deficiency without anemia” differed, we created an outcome variable, “iron status”, with

four mutually exclusive categories using the subsample of 479 women: 1) “normal” (Hb

≥ 11.0 g/dl and sTfR ≤ 8.5 mg/L); 2) “anemia without iron deficiency” (Hb < 11.0 g/dl

and sTfR ≤ 8.5 mg/L); 3) “iron deficiency without anemia” (Hb ≥ 11.0 g/dl and sTfR >

8.5 mg/L); and 4) “IDA” (Hb < 11.0 g/dl and sTfR > 8.5 mg/L). We performed χ2 tests to

assess the association between each categorical independent variable and “iron status”

outcomes. Sets of variables that were significantly associated with at least one outcome

category at P < 0.2 were entered into a multinomial logistic regression model. Age and
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gestational age were kept in the model for face validity regardless of statistical

significance. Among several models, we selected the one that most uniformly predicted

“iron status” outcomes. “Normal” was selected as the comparison group and relative risk

ratios (RRR) with 95% CIs were calculated for each outcome category. Diagnostic tests

were performed separately on individual models for “anemia without iron deficiency”,

“iron deficiency without anemia” and “IDA”; they showed good overall fit and adequacy

of the models.

The study protocol was approved in 2005 by the Institutional Review Board Human

Subject Committee at the University of Arizona and by a human subject committee of the

Nepal National Research Council.

RESULTS

The characteristics of the study population are presented in Table 1. The subjects were on

average young, thin and stunted. The majority of the study population was illiterate and

unemployed. Hookworm infection was the most prevalent followed by Ascaris

lumbricoides (A. lumbricoides) and T. trichiura. Only 8 out of 3531 women (0.2%)

reported being treated for malaria in the past 6 months. Around 9% of the subjects were

identified with impaired dark adaptation based on the NVTT. Over 50% of the

participants reported the intake of supplements in the form of tonic, iron tablets or both.
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The average Hb concentration was 10.9 ± 1.6 g/dl just below the WHO cutoff level for

anemia (1). The prevalence of severe anemia (Hb < 8.0 g/dl) was 4.2% (Table 1).

Risk factors for severe anemia (n = 3509)

In the unadjusted analysis, severe anemia was significantly more prevalent among

women who were 20 to 30 years of age, illiterate or who worked for wages. After

adjusting for variables in the multivariate model, age (AOR: 2.05; CI = 1.0, 4.21) and

working for wages (AOR: 1.94; CI = 1.23, 3.09) remained significant while literacy was

no longer significantly associated with severe anemia. Gestational age ≥ 26 weeks

increased the odds for developing severe anemia (AOR: 1.50; CI = 1.03, 2.20). The

prevalence and risk of severe anemia significantly decreased with increasing MUAC

(Table 2). As expected, prevalence of severe anemia increased with increasing intensity

of hookworm infection. Pregnant women with a moderate to heavy hookworm load (≥

2000 epg) were 4.26 times more likely to develop severe anemia than uninfected women

(CI = 1.67, 10.89). T. trichiura showed a trend for increased prevalence of severe anemia

(P = 0.06) among infected subjects. Women who failed the NVTT with a score of ≤ 4

increased the odds for severe anemia by 2.28 (CI = 1.14, 4.59) (Table 2).

The average daily total dietary iron intake was 13.2 ± 9.7 mg. Participants demonstrated

low heme iron (0.3 ± 0.7 mg/day) and high phytate intakes (3.9 ± 2.2 g/day). The

prevalence of severe anemia did not differ significantly by the levels of intakes of total
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iron, heme iron and non-heme iron. There also was no measurable association between

the inhibitory effects of phytate and tea and the prevalence of severe anemia. Intake of

iron supplements was a protective factor for reducing the likelihood of developing severe

anemia (AOR: 0.54; CI = 0.34, 0.86). Tonic appeared to have an added protective effect

against severe anemia when taken in addition to iron tablets (AOR: 0.31; CI = 0.12, 0.80)

(Table 2).

Risk factors for anemia without iron deficiency, iron deficiency without anemia and

iron deficiency anemia (n = 479)

One third of the women in the subsample (n = 479) were considered iron deficient (sTfR

> 8.5 mg/L) and half had a poor vitamin A status (retinol < 1.05 µmol/L). Acute (CRP >

5 mg/L) and chronic (AGP > 1 mg/L) infections were present in 17% and 1.3% of the

subjects, respectively (Table 1).

The “iron status” outcome categories and their prevalence rates were: “normal” (38.7%),

“anemia without iron deficiency” (30.6%), “iron deficiency without anemia” (7.0%) and

“IDA” (23.7%) (Figure 1). Unadjusted associations between the independent variables

and “iron status” outcomes are shown in Table 3. Results of the multinomial logistic

regression analysis indicated that NVTT score, height and iron supplement intake were

common risk factors in any two of the three abnormal “iron status” categories (Table 4).

When iron deficiency was present, regardless of the occurrence of anemia, NVTT score
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was a strong predictor of risk. Relative to the “normal” group, women who scored 5 to 6

on the NVTT have 4.73 times the risk for “iron deficiency without anemia” than those

who passed the test (CI = 1.30, 17.15). Failing the NVTT with a score of ≤ 4 increased

the risk even more for developing IDA (RRR: 5.88, CI = 1.03, 33.57). Height and intake

of iron supplements were predictors of anemia, with and without iron deficiency. Taller

women had lower risk for developing non-iron-deficient anemia and IDA than shorter

ones (P < 0.05). Tonic, iron tablets and iron tablets plus tonic were protective factors for

anemia and IDA. The two types of supplements seem to have an additive protective

effect. Hookworm infection doubled the risk (RRR: 2.18, CI = 1.14, 4.16) for IDA. RRR

for iron deficiency significantly decreased with increasing daily intake of heme iron

(RRR: 0.64, CI = 0.33, 1.22). The same trend existed for IDA but was not significant

(RRR: 0.48, CI = 0.23, 1.03) (Table 4).

DISCUSSION

This study identified factors associated with iron and anemia status and demonstrated that

these factors differed among non-iron-deficient anemic, iron deficient non-anemic, and

iron-deficient anemic pregnant women in rural Nepal. Further, these results provided

evidence that the etiology, and therefore interventions, for severe anemia in rural Nepali

pregnant women need to use multiple approaches. We identified hookworm infection,
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lack of iron supplement intake, impaired dark adaptation and a diet deficient in heme iron

as major risk factors of iron deficiency and anemia.

Severe anemia and iron deficiency, with respective prevalence rates of 4.2% and 31%,

are clearly major health problems for pregnant women living in the rural plains of Nepal.

However, the prevalence rates in our population were lower than reported in another

study conducted in the terai region of Nepal from 1994 through 1997 (29), where 7% and

81% were severely anemic and iron deficient, respectively. The lower prevalence of

anemia and iron deficiency in the present study could be due to the increase in the

proportion of women taking iron supplement during the years preceding our study. The

improvement of iron supplementation coverage is the result of efforts made by the Nepali

MOH to reduce anemia with support from the United Nations Children’s Fund

(UNICEF), WHO and the Micronutrient Initiative (2). Additionally, the latter study used

erythrocyte protoporphyrin > 70 µmol/mol heme or serum ferritin < 10 µg/L to classify

pregnant women as iron deficient. The deficiency may have been overestimated because

serum ferritin decreases after the first trimester of pregnancy (18). Two other, more

recent, studies using different cutoffs for serum ferritin reported estimates of iron

deficiency among Nepali pregnant women that are more consistent with ours. Serum

ferritin concentrations of < 10 µg/L and < 15 µg/L were found in 40% (156) and 34%

(33) of pregnant women, respectively. To our knowledge, there is no previously

published information on sTfR among pregnant women in Nepal with which to compare
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our results. In a recent study in Bangladesh, high sTfR was observed in 25% of the

pregnant women (157) compared with 31% for women in our study.

The advantage of using sTfR is that it may be a more sensitive and specific marker of

iron deficiency during pregnancy because, unlike conventional laboratory tests, it is

comparatively not confounded by gestational effects and acute inflammatory states (120,

125-128). sTfR levels increase with tissue iron deficiency and with increased

erythropoiesis (120, 129). Studies have suggested that sTfR levels are decreased in the

first two semesters and slightly increased in late pregnancy, reflecting altered

erythropoiesis (131-133). However, when the increase in sTfR is above the reference

cutoff, it reflects tissue iron deficiency; this elevation in sTfR is above levels observed in

non-iron-deficient pregnancies (133-135). In contrast to these findings, one study (125)

indicated that receptor concentrations are not influenced by pregnancy and are sensitive

index of iron deficiency throughout gestation. Moreover, sTfR measurement may be

confounded by active malaria (120). One of the limitations of our study is that we did not

assess the presence of malarial infection in our study population where infections with

Plasmodium vivax (P. vivax) might have occurred. However, sTfR levels did not differ

between subjects with high CRP and AGP compared to those with normal level and

therefore, it may be more stable in non-symptomatic malarial infections.
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It is apparent in this population that iron deficiency does not account for the entire

anemia observed as 30.6% of women had “anemia without iron deficiency”. Non-iron-

deficient anemia can result from malarial infection, chronic inflammation and/or vitamin

B12 and folate deficiencies (25). In an earlier study, Dreyfuss et al (29) reported that

19.8% of pregnant women living in the rural plains of Nepal had malaria (P. vivax) .

However, they calculated that only 5% of all cases of anemia were attributable to P. vivax

malaria. Moreover, the adjusted odds for anemia, iron-deficient erythropoiesis and

depleted iron stores were increased with P. vivax malaria but these associations were not

statistically significant. Our data showed a borderline significant positive association

between high CRP and AGP levels and the prevalence of non-iron deficient anemia

suggesting that the anemia in these women could well have been associated with malaria

and/or other chronic infections. We did not measure dietary vitamin B12 and folate intake

in our population. However, the low heme iron intake by the subjects also indicates low

vitamin B12 intake since both of these micronutrients are exclusively found in animal

products. It is conceivable that the traditional Nepali diet, predominantly vegetarian,

might cause nutritional vitamin B12 deficiency, thus leading to macrocytic anemia.

The prevalence of hookworm infection in the study region was 29% and existed mostly as

light infection. Estimates were reportedly higher in an earlier study where 74.2% of

pregnant women were infected with hookworm (29). As mentioned earlier, distribution of

iron supplements to pregnant women, linked with deworming, did improve in the past

years (2) and possibly accounted for the decrease in hookworm infection. In our study
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population, hookworm infection was associated with a significant increased risk of severe

anemia and “IDA” but not “iron deficiency without anemia”. It appears that in this

population hookworm infection intensified iron deficiency contributing to higher levels

of IDA, the most serious manifestation of iron deficiency. The absence of an association

between hookworm infection and non-iron-deficient anemia asserts the effect of

hookworm-related blood loss on iron status. One interesting finding in our data is that

75% of hookworm infections occurred in women who worked for wages as laborers and

in the field. Therefore, in addition to anti-helminthic therapy, emphasis should be given

on sanitation control programs and the use of footwear to protect feet from contact with

contaminated soil.

Another risk factor shown to be associated with IDA and severe anemia, which was

mainly caused by iron deficiency, is the lack of iron supplement intake by approximately

half of the study women. This association, though following the same trend, was not

significant among non-anemic iron-deficient women. Iron supplementation seems to be

more significantly protective against the most severe form of iron deficiency, IDA.

Despite the efforts made by the MOH to address iron deficiency in pregnant women

through iron supplementation and deworming, the prevalence of IDA remains high (2).

The limited effectiveness of the iron supplementation program requires further study but

may be in part due to low compliance with taking iron tablets because of their side

effects, lack of supply, decreased awareness of anemia among pregnant women and

health workers, limited visits to antenatal clinic, culture-related misconceptions and fears
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regarding the effect of iron supplements on the baby and lack of regular monitoring

system for IDA. Moreover, there may be other factors that limit Hb response to iron

supplementation, such as infections, VAD and deficiencies of folate or vitamin B12,

which were not assessed in the present study (25). Our data support the existence of some

of these proposed barriers to iron supplementation. First of all, 76% of our subjects had

never heard of anemia (data not shown) showing the poor knowledge in rural areas about

this health issue. There was a strong relationship between number of antenatal care

(ANC) visits and iron tablet intake since the majority of women who reported taking iron

pills also reported obtaining them at health facilities; so, having access to the ANC is

critical to initiating and/or continuing iron supplementation. Tonic sold at local

pharmacies was another form of iron supplement consumed by 20% the study population.

In our study population, tonic taken alone was also shown to be protective against severe

anemia and IDA, and more so were taken together with iron tablets. Therefore, tonic

consumption should be recommended and encouraged especially in areas where supply

of iron tablets is limited and not affordable.

NVTT, a measure of dark adaptation, is a reliable and valid indicator of vitamin A status

within a community (141). Women with impaired dark adaptation were more likely to be

severely anemic or iron deficient, regardless of presence of anemia. The risk of severe

anemia was 3 times higher among night blind women compared to controls in rural

Nepali pregnant women (158). Other studies that looked at serum retinol rather than

impaired dark adaptation as a risk factor of anemia or IDA showed the same association
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(26, 29, 33, 159). In south Malawi, VAD was the second most frequent micronutrient

deficiency and was identified in 39% of anemic pregnant women (26). Our data showed

that 58% of iron-deficient anemic women had retinol levels < 1.05 µmol/L. VAD appears

to be involved in the pathogenesis of anemia through diverse biological mechanisms: 1)

decreased erythropoiesis (57, 59-61, 66); 2) impaired mobilization of iron stores (71, 74-

76); 3) increased inflammation causing blockage of iron incorporation into heme (67);

and 4) depressed immunity to infection and a consequent increase in the anemia of

infection (67). Additionally, improvement of vitamin A status has generally been shown

by clinical trials to have a positive impact upon Hb and anemia (82-85).

Thin and stunted women were more likely to be severely anemic and anemic regardless

of the presence of iron deficiency. It has been shown that MUAC is an indicator of severe

acute/chronic undernutrition and height of chronic undernutrition, especially of energy

and protein (160, 161). Therefore, in this population a small MUAC could indicate

malnutrition during pregnancy, while a short stature could be a sign of chronic

malnutrition.

In the present population, we only assessed dietary patterns as they relate to iron intake.

The Nepali diet is traditionally monotonous, cereal-based vegetarian diet and is likely to

be poor in bioavailable iron (34). It is also characteristically high in phytates, which are

abundant in rice and other grains and known to be inhibitors of mineral absorption (34).

In our multivariate analyses, heme iron intake, even as minimal, was significantly
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protective against iron deficiency but not IDA or severe anemia. Iron needs during

pregnancy cannot be met by dietary iron alone even when the diet is of high quality (17).

For this reason, we suspect that heme iron was not a significant protector against IDA,

the more severe form of iron deficiency. It was surprising that the adverse effects of

phytates on iron status did not show in our analyses. One explanation could be that foods

high in phytates are also high in non-heme iron, which could have negated the negative

effects of phytates.

CONCLUSION

We demonstrated that there are several shared risk factors for the various degrees of iron

deficiency, that is, with and without anemia, among rural Nepali pregnant women. Major

predictors included hookworm infestation, impaired dark adaptation, lack of iron

supplement intake, a diet low in heme iron and malnutrition manifested by thinness and

short stature. Furthermore, we showed that anemia in this population is not entirely

caused by iron deficiency but we did not assess the other possible underlying causes. We

recognize that malarial infection, chronic inflammation, megaloblastic anemia, and/or

dilutional anemia are also associated with pregnancy. Given that sTfR is not only affected

by tissue iron deficiency but also by altered erythropoiesis (129, 134), misclassification

of subjects into the “iron status” groups, as iron-deficient or non-iron-deficient, could

have resulted. Moreover, part of the analysis was done on a subsample of 479
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consecutive women enrolled in the study within two successive months. This sample may

not be representative of the whole study population because of seasonal variation in risk

of anemia.

The multifactorial profile of anemia suggests that iron supplementation alone, likely, will

not be sufficient to correct this health problem as there were also several factors

associated with anemia. To prevent and control anemia and iron deficiency in rural

Nepali pregnant women with similar characteristics to our study, prevention and

treatment programs must be integrated. We propose that current efforts include all of the

following: poverty reduction, dietary interventions, iron fortification of the food supply,

routine iron and vitamin A supplementation for pregnant women and programs for

intestinal helminths.
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Table 1 Socio-demographic, anthropometric and health characteristics of the study
sample

%1

Age (yrs) (n = 3531)
< 20
20 – 30
> 30

14.2
81.3
4.5

Literate (n = 3531)
No
Yes

79.0
21.0

Household size (n = 3531)
1 – 4
5 – 10
> 10

25.9
58.6
15.5

Work for wages (n = 3531)
No
Yes

87.4
12.6

Parity (n = 3531)
0
1 – 4
≥ 5

34.9
61.5
3.6

Gestational age (wks) (n = 3531)
< 26
≥ 26

56.0
44.0

Visits to antenatal clinic (n = 3531)
0
1 – 2
≥ 3

38.9
51.5
9.5

Weight (kg) (n = 3530)
Mean ± SD 46.0 ± 5.8

Height (cm) (n = 3530)
Mean ± SD
≤ 147.3
147.4 – 150.9
151.0 – 154.5
> 154.5

150.9 ± 5.6
25.0
25.0
25.2
24.8

Mid-upper arm circumference (cm) (n = 3530)
Mean ± SD
≤ 21.0
21.1 – 22.2

22.3 ± 2.0
26.2
23.6
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22.3 – 23.6
> 23.6

25.2
25.0

Hookworm infection (n = 3003)
Negative (0 egp1)
Light (1 – 1999 epg)
Moderate (2000 – 3999 epg)
Heavy (≥ 4000 epg)

70.9
27.5
1.1
0.5

Ascaris lumbricoides infection (n = 3003) 5.5
Trichuris trichiura infection (n = 3003) 1.3
Illness past 4 wks (n = 3531)

Respiratory infection
Diarrhea
Fever

16.2
8.4

14.5
NVTT score (n = 3529)

7 (passed NVTT)
5 – 6
≤ 4

90.7
5.8
3.5

Iron supplements (n = 3531)
No
Tonic
Iron tablets
Iron tablets + tonic

48.5
10.9
30.9
9.7

Biochemical measurements %1

Whole study population (n = 3531)
Hb (g/dl) (n = 3509)

Mean ± SD
≥ 11.0
10.0 – 10.9
8.0 – 9.9
< 8.0

10.87 ± 1.57
51.0
23.6
21.2
4.2

Study population subset3 (n = 479)
sTfR (mg/L) (n = 461)

Mean ± SD
≤ 8.5
> 8.5

7.93 ± 5.53
69.4
30.6

Retinol (µmol/L) (n = 466)
Mean ± SD
< 0.7
0.7 – 1.05
> 1.05

1.12 ± 0.42
13.5
31.6
54.9

RBP (µmol/L) (n = 461)
Mean ± SD 0.92 ± 0.26
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< 0.7
0.7 – 1.05
> 1.05

20.4
50.3
29.3

CRP (mg/L) (n = 461)
Mean ± SD
≤ 5.0
> 5.0

3.19 ± 4.97
83.1
16.9

AGP (mg/L) (n = 461)
Mean ± SD
≤ 1.0
> 1.0

0.44 ± 0.18
98.7
1.3

AGP – α1-acid glycoprotein; CRP – C reactive protein; Hb – Hemoglobin; NVTT – Night
Vision Threshold Test; RBP – Retinol binding protein; SD – Standard deviation; sTfR –
Soluble transferrin receptor.
1 Values are given as percentages except where indicated, mean ± SD is reported.
2 Eggs per gram of feces.
3 Biochemical measurements performed on a subset of the study population. The subset
consisted of the first 479 consecutive women enrolled in the study.
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Table 2 Predictors of severe anemia (Hb < 8 g/dl) in a sample of rural Nepali
pregnant women

Unadjusted1 Adjusted2

n % Hb < 8 g/dl n AOR (95% CI)
Age (yrs)

< 20
20 – 30
> 30

499
2854
156

2.2
4.6
3.8*

433
2382
87

1.0
2.05* (1.0, 4.21)
2.17 (0.67, 7.03)

Literate
No
Yes

2773
736

4.7
2.3†

2273
629

1.0
0.60 (0.34, 1.07)

Work for wages
No
Yes

3069
440

3.9
6.5*

2540
362

1.0
1.94† (1.23, 3.09)

Parity
0
1 – 4
≥ 5

1219
2162
128

3.4
4.9
0.8*

1060
1842
98

1.0
1.08 (0.69, 1.69)
--- 4

Gestational age (wks)
< 26
≥ 26

1970
1539

3.7
4.9

1663
1239

1.0
1.50* (1.03, 2.20)

Mid-upper arm circumference (cm)
≤ 21.0
21.1 – 22.2
22.3 – 23.6
> 23.6

921
833
884
871

5.9
4.2
4.5
2.2†

742
692
737
731

1.0
0.69 (0.42, 1.15)
0.95 (0.59, 1.52)
0.47* (0.26, 0.84)

Hookworm infection
0 epg3 (negative)
1 – 999 epg
1000 – 1999 epg
≥ 2000 epg

2127
744
81
48

3.4
5.1
11.1
12.5¶

2053
720
81
48

1.0
1.40 (0.93, 2.11)
3.02† (1.39, 6.59)
4.26† (1.67, 10.89)

Trichuris trichiura infection
No
Yes

2960
40

4.1
10.0

2863
39

1.0
2.30 (0.75, 7.07)

NVTT score
7 (passed NVTT)
5 – 6
≤ 4

3184
202
123

3.8
7.9
8.9¶

2619
176
107

1.0
1.73 (0.93, 3.21)
2.28* (1.14, 4.59)

Iron supplements
No
Tonic

1707
378

5.4
4.5

1411
312

1.0
1.13 (0.65, 1.96)
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Iron tablets
Iron tablets + tonic

1087
337

2.8
2.1†

899
280

0.54† (0.34, 0.86)
0.31* (0.12, 0.80)

AOR – Adjusted odds ratios; CI – confidence interval; NVTT – Night Vision Threshold
Test.
1 χ2 test for differences in proportions of women with Hb < 8 g/dl between categories.
2 AOR were obtained from a multivariate logistic regression model. 95% CIs that do not
include 1 are considered statistically significant according to the χ2 test.
3 Eggs per gram of feces.
4 No subject with parity ≥ 5 was severely anemic. Therefore, 98 observations were not
used in model because parity ≥ 5 predicted failure perfectly.
¶p<0.001, †p<0.01, *p<0.05.
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Table 3 Risk factors for iron status outcomes in a population subset1 of rural Nepali pregnant women2 (n = 479)

% Iron deficiency
% Normal

% Anemia without
iron deficiency Without anemia With anemia

n
Hb ≥ 11 g/dl

sTfR ≤ 8.5 mg/L
(n = 178)

Hb < 11 g/dl
sTfR ≤ 8.5 mg/L

(n = 141)

Hb ≥ 11 g/dl
sTfR > 8.5 mg/L

(n = 32)

Hb < 11 g/dl
sTfR > 8.5 mg/L

(n = 109)
Household size

1 – 4
5 – 10
> 10

116
271
73

39.7
38.4
38.4

32.8
28.4
35.6

1.7
8.5
9.6*

25.9
24.7
16.4

Visits to antenatal
clinic

0
1 – 2
≥ 3

92
292
76

30.4
38.7
48.7

29.3
30.8
31.6

8.7
6.2
7.9

31.5
24.3
11.8*

Hookworm infection
No
Yes

263
106

43.0
32.1

29.7
29.2

8.0
7.5

19.4
31.1*

Ascaris lumbricoides
infection

No
Yes

343
26

41.1
23.1

29.7
26.9

7.9
7.7

21.3
42.3*

Illness past 4 wks
Diarrhea

No
Yes

429
31

39.6
25.8

31.5
19.3

6.8
9.7

22.1
45.2†

Retinol (µmol/L)
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< 0.7
0.7 – 1.05
> 1.05

63
146
247

27.0
34.2
44.5*

27.0
32.2
30.4

9.5
6.2
6.9

36.5
27.4
18.2†

Heme iron (mg/d)
0
≤ 5
> 5

210
143
107

34.8
37.8
47.7

29.0
33.6
29.9

10.5
4.9
2.8*

25.7
23.8
19.6

Iron supplements
No
Tonic
Iron tablets
Iron tablets + tonic

184
49
167
60

28.3
40.8
46.1
48.3†

29.9
24.5
32.9
31.7

6.5
4.1
8.4
6.7

35.3
30.6
12.6
13.3¶

AGP – α1-acid glycoprotein; CRP – C reactive protein; Hb – Hemoglobin; NVTT – Night Vision Threshold Test; RBP –
Retinol binding protein; sTfR – Soluble transferrin receptor.
1 The subset consisted of the first 479 consecutive women enrolled in the study.
2 χ2 test for differences in proportions of normal, anemia, iron deficiency and IDA between categories.
¶ p<0.001, † p<0.01, * p<0.05.
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Table 4 Predictors of iron deficiency, anemia, and iron deficiency anemia compared
to subjects with normal iron status in rural Nepali pregnant women: a multinomial
logistic regression model

Iron deficiencyAnemia without
iron deficiency Without anemia With anemia

Hb < 11 g/dl
sTfR ≤ 8.5 mg/L

(n = 141)

Hb ≥ 11 g/dl
sTfR > 8.5 mg/L

(n = 32)

Hb < 11 g/dl
sTfR > 8.5 mg/L

(n = 109)
Explanatory variables RRR (95% CI)
Age (yrs)

< 20
20 – 30
> 30

1.0
1.02 (0.50, 2.06)
1.74 (0.29, 10.38)

1.0
0.47 (0.17, 1.32)
--- 2

1.0
1.54 (0.64, 3.70)
6.38 (0.87, 46.51)

Gestational age (wks)
< 26
≥ 26

1.0
0.89 (0.52, 1.52)

1.0
1.08 (0.46, 2.55)

1.0
1.63 (0.87, 3.04)

Height (cm)
≤ 147.3
147.4 – 150.9
151.0 – 154.5
> 154.5

1.0
0.45* (0.21, 0.93)
0.70 (0.35, 1.41)
0.82 (0.39, 1.73)

1.0
0.71 (0.20, 2.58)
1.53 (0.47, 4.98)
1.55 (0.43, 5.54)

1.0
0.40* (0.18, 0.90)
0.34* (0.14, 0.78)
0.76 (0.33, 1.76)

Hookworm infection
No
Yes

1.0
1.38 (0.76, 2.49)

1.0
1.37 (0.53, 3.54)

1.0
2.18* (1.14, 4.16)

NVTT score
7 (passed NVTT)
5 – 6
≤ 4

1.0
0.79 (0.25, 2.52)
4.79 (0.87, 26.16)

1.0
4.73* (1.30, 17.15)
4.64 (0.36, 60.47)

1.0
1.42 (0.46, 4.41)
5.88* (1.03, 33.57)

Heme iron (mg/d)
0
≤ 0.5
> 0.5

1.0
1.16 (0.62, 2.15)
0.64 (0.33, 1.22)

1.0
0.34* (0.12, 0.99)
0.10† (0.02, 0.47)

1.0
0.78 (0.38, 1.59)
0.48 (0.23, 1.03)

Iron supplements
No
Tonic
Iron tablets
Iron tablets + tonic

1.0
0.26† (0.10, 0.71)
0.52* (0.29, 0.94)
0.37* (0.15, 0.90)

1.0
0.29 (0.05, 1.57)
0.69 (0.27, 1.79)
0.37 (0.08, 1.61)

1.0
0.45 (0.18, 1.10)
0.14¶ (0.07, 0.30)
0.11¶ (0.03, 0.37)

Hb – Hemoglobin; NVTT – Night Vision Threshold Test; sTfR – Soluble transferrin
receptor.
1 RRR – Relative risk ratio estimated from the multinomial logistic regression model
(base category: subjects with normal iron status; Hb ≥ 11g/dl and sTfR ≤ 8.5 mg/L; n =
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178); CI – confidence interval; 95% CIs that do not include 1 are considered statistically
significant according to the chi-square test.
2 No subject > 30 yrs was iron deficient without anemia.
¶ p<0.001, † p<0.01, * p<0.05.
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Figure 1 Association between soluble serum transferrin receptor (sTfR) and hemoglobin
(Hb). Pearson r = -0.49 (P < 0.001). The interrupted lines inside graph represent cutoff
concentrations for sTfR (8.5 mg/L) and Hb (11.0 g/dl). Quadrants include the following
observations: A) Normal (38.7%); B) Anemia without iron deficiency (30.6%); C) Iron
deficiency without anemia (7.0%); D) Iron deficiency anemia (23.7%).
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CHAPTER 4

SUPPLEMENTATION WITH IRON AND VITAMIN A FOR ANEMIA AND

IRON DEFICIENCY IN PREGNANT WOMEN LIVING IN THE RURAL

SOUTHEASTERN PLAINS OF NEPAL

ABSTRACT

Background: Several studies suggested that vitamin A supplementation improves

hemoglobin (Hb) and iron status. The Nepali Ministry of Health (MOH) advocates the

treatment of night blind and anemic pregnant women with vitamin A and iron

supplements in health facilities, respectively.

Objective: To determine the changes in Hb and soluble transferrin receptor (sTfR) in

response to iron and vitamin A supplementation in pregnant women living in the rural

southeastern plains of Nepal within the context of the MOH policy..

Design: Anemic (Hb < 11 g/dl) and/or night blind pregnant women received iron (60 mg

daily) and/or vitamin A (25,000 IU weekly for 4 weeks), respectively. Four groups were

identified: “No supplements”, “vitamin A”, “iron” and “iron + vitamin A”. At baseline

and 4 weeks, Hb and sTfR were measured (n = 498).

Results: One third of the women with iron deficiency anemia (IDA) (Hb < 11.0 g/dl and

sTfR > 8.5 mg/L) had vitamin A deficiency (retinol < 0.7 µmol/L). Among women in the
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“no supplements” and “vitamin A” groups, 17% and 38% developed anemia,

respectively. Hb concentrations were significantly increased with iron supplementation

(0.33 ± 0.09 g/dl, CI = 0.16, 0.50) but not with vitamin A supplementation alone (0.11 ±

0.16 g/dl, CI = -0.22, 0.43). The maximum Hb change was achieved with both vitamin A

and iron supplements (0.58 ± 0.08 g/dl, CI = 0.42, 0.75). The increments in Hb

concentrations were highest among anemic women compared to non-anemic. Iron

supplementation had a greater effect on sTfR in iron-deficient women compared to non-

iron-deficient women. However, vitamin A, when given together with iron did not have

an added beneficial effect on sTfR compared with iron alone.

Conclusion: Addition of vitamin A to iron supplementation during pregnancy may

contribute to improvement of Hb but not sTfR among pregnant women.
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INTRODUCTION

Vitamin A has been proposed to influence iron metabolism via its effect on

erythropoiesis (57, 59-61, 66), mobilization of iron stores from liver (74-76, 162) and/or

by enhancing the immune system which may decrease anemia of infection (67).

Therefore, vitamin A deficiency (VAD) may contribute to the etiology of anemia.

Moreover, vitamin A supplementation in children (47, 49, 163-165) and pregnant women

improved hemoglobin (Hb) concentrations and/or iron status in several interventions (82-

85), but showed no impact in others (93, 166, 167). Due to the common occurrence of

VAD and anemia in pregnant women in rural Nepal (168), we suspected that VAD was

partly responsible for the widespread occurrence of anemia and that vitamin A

supplementation, in an effort to improve vitamin A status, could also positively influence

anemia and iron status.

The Nepali Ministry of Health (MOH) recommends the distribution of vitamin A

supplements (25,000 IU/week for 4 weeks) to night blind pregnant women and iron (60

mg/day) to anemic women in health facilities (2). We took advantage of this policy to

assess the benefit of vitamin A supplementation alone or combined with iron

supplementation during pregnancy, as provided and consumed in the field, on Hb and

soluble transferrin receptor (sTfR) levels in rural Nepali pregnant women.
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SUBJECTS AND METHODS

Pregnant women residing in 6 Village Development Communities (VDC) in Parsa and

Sunsari districts, located in the southeastern plains (terai) of Nepal, were recruited into

the study during their antenatal clinic visits. Subjects aged between 18 and 45 years and

who were in their second or third trimester of pregnancy were selected to be included in

the study. Pregnant women who were blind, < 12 weeks of gestation and did not

understand the instructions or sign the consent form were excluded.

Demographic, anthropometric, health and dietary assessment

At enrollment, demographic characteristics, health and obstetric history of the subjects

were assessed through questionnaires administered by trained healthcare staff.

Gestational age was estimated using the last reported menstrual period. Body weight was

measured using a calibrated electronic scale accurate to the nearest 0.1 kg; height was

measured to the nearest 0.1 cm using a wooden measuring board mounted to the clinic

wall; and mid-upper arm circumference (MUAC) was measured to the nearest 0.1 cm

using a paper insertion tape following standardized procedures (153). Stool samples were

collected and tested for helminths infestation, namely hookworm, Ascaris lumbricoides

(A. lumbricoides) and Trichuris trichiura (T. trichuria) using the Kato-Katz method

(152). Infected women were treated with 400 mg Albendazole per the Nepali MOH

regulations. Interviewers administered a food frequency questionnaire (FFQ) for the
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consumption of foods high in heme iron, non-heme iron and enhancers and inhibitors of

iron absorption. They also collected information on the subject’s consumption of iron

supplements including dosage and frequency of intake.

Iron and vitamin A status assessment

The night vision threshold test (NVTT), described elsewhere (141, 142), was used to

assess the subjects’ ability to adapt to darkness. Women who reported having night

blindness or failed the NVTT (score < 7) were considered to be night blind or with

impaired dark adaptation, respectively, and were given four weekly oral doses of 25,000

IU vitamin A supplements in accordance with the Nepali MOH standard protocol.

Vitamin A, iron and inflammation status of the subjects were measured using the dried

blood spot (DBS) technique. Capillary blood samples were drawn at baseline and at 4

weeks by a finger-prick using a sterile, disposable micro-lancet (BD Microtainer GENIE

Lancets; Fisher Scientific, Springfield, NJ). Drops of whole blood were applied on

standardized filter paper (Schleicher and Schuell #903, Keene, NH), dried for several

hours at room temperature away from UV light, placed in zip-lock plastic bags with

desiccants (Fisher Scientific, Springfield, NJ), and stored at a temperature of 2 – 8°C

until shipped for analysis. Retinol binding protein (RBP), C-reactive protein (CRP) and

α1-acid glycoprotein (AGP) were measured using enzyme-linked immunosorbent assays

(ELISA) (154) with respective between-assay coefficients of variation (CV) of 5.7%,
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8.2% and 5.7%. Plasma retinol concentrations were measured only at baseline using

high-performance liquid chromatography by Craft Technologies, Inc (139). Samples

were adjusted for sodium content of the spot to measure blood volume (139). In addition,

Hb was measured at baseline and follow-up with a HemoCue photometer (HemoCue;

Leo Diagnostics, Helsingborg, Sweden). Anemia was defined as Hb < 11.0 g/dl (1).

Anemic women received 30 tablets of 60 mg iron as ferrous sulfate and were instructed

to take one a day for one month. sTfR in dried blood was measured using ELISA (CV =

7.5%). sTfR > 8.5 mg/L was considered consistent with iron deficiency.

Iron and vitamin A supplementation groups

Following the Nepali MOH recommendations, pregnant women found to be anemic (Hb

< 11.0 g/dl) at baseline received iron tablets and those who reported night blindness or

failed the NVTT (score < 7) received vitamin A supplementation. Before enrollment in

the study anemic women had free access to iron tablets from health services, but reliable

data on compliance were not available.

We identified five groups of pregnant women based on their consumption of iron and

vitamin A supplements as it occurred in the field and without interference from the study

staff: 1) women who did not consume any supplements (n = 65); 2) women who reported

taking iron tablets at baseline (average intake was 61.7 ± 10.0 mg/d), regardless of their

anemia and night blindness status (n = 209); 3) women who were night blind and
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received vitamin A capsules (25,000 IU/week for 4 weeks) (n = 255); 4) women who

were anemic and received iron tablets (60 mg/d) (n = 271); and 5) women who were

night blind and anemic and received both vitamin A (25,000 IU/wk) and iron (60 mg/d)

tablets (n = 150). For the present analysis, we grouped these women into four

supplementation groups: “No supplements”, “vitamin A”, “iron” and “iron + vitamin A”

to study the effect of these micronutrients, individually or together, on Hb and sTfR

concentrations.

Adherence to vitamin A and iron capsule intake was assessed by a questionnaire at

follow-up after 4 weeks. Only women who reported adhering to the full vitamin A

supplementation regimen were included in the analysis. Those who missed at least one

dose of vitamin A were excluded from the analysis.

Statistical analysis

The present study was part of a large cross-sectional study (n = 3531). Biochemical

measurements were obtained from a subsample to assess anemia, iron and vitamin A

status. However, complete baseline and follow-up data for the primary outcome

variables, Hb and sTfR, were available for 498 women and therefore, this cohort was

included in the present analysis. Further analysis of the excluded cohort indicated that

there were statistically significant differences, yet clinically insignificant, in some factors

between the subgroup and other subjects. Compared to the non-excluded women (n =
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498), the excluded women (n = 3033) were on average younger, taller, had a greater

MUAC, lower parity, gravidity, gestational age and baseline concentrations of Hb and

RBP.

Categorical variables were formed for Hb, sTfR and retinol based on the following

cutoffs: 11.0 g/dl for Hb, 8.5 mg/L for sTfR and 0.7 µmol/L for retinol. Additionally,

four mutually exclusive “iron status ” categories were created: 1) “normal” (Hb ≥ 11.0

g/dl and sTfR ≤ 8.5 mg/L); 2) “anemia without iron deficiency” (Hb < 11.0 g/dl and sTfR

≤ 8.5 mg/L); 3) “iron deficiency without anemia” (Hb ≥ 11.0 g/dl and sTfR > 8.5 mg/L);

and 4) “IDA” (Hb < 11.0 g/dl and sTfR > 8.5 mg/L).

Differences across supplementation groups were tested using analysis of variance

(ANOVA) and chi-square (χ2) test. The two-sample proportion test was used to test the

differences in proportions between baseline and follow-up. Analysis of covariance

(ANCOVA) was employed to determine the adjusted means for change in Hb and sTfR

to compare across the supplementation groups. Pearson correlation coefficients were

calculated to determine relationships between continuous variables, including: Hb, retinol

and sTfR. The change in Hb and sTfR were correlated with their baseline values and

retinol. Therefore, baseline Hb, sTfR and retinol were included as covariates in the

ANCOVA analysis. Gestational age, MUAC, RBP and the follow-up period were

significantly different among the supplementation groups at baseline. Only gestational

age was verified as a confounder and was included in the model. RBP was not included
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due to colinearity with retinol. Whenever a covariate (Hb, retinol or sTfR) was used for

stratification, it was removed from the ANCOVA model. For example, “iron status”

groups were formed based on baseline Hb and sTfR and therefore, they were removed

from the model when the ANCOVA analysis was stratified by “iron status” groups.

Analyses were conducted with STATA (version 8.0; StataCorp LP, College Station, TX).

Ethical consent

Informed consent was obtained from all study participants. The study protocol was

approved by ethical review committees: the Institutional Review Board Human Subject

Committee at the University of Arizona and the Nepali National Research Council.

RESULTS

There were no baseline differences among the nutrient supplementation groups at

baseline in relation to age, parity, gravidity, weight, height, prevalence of helminth

infections, CRP and AGP levels (Table 1). MUAC was significantly lower in the groups

who received vitamin A or iron + vitamin A. Women in the “iron + vitamin A” group had

the lowest Hb concentration (10.08 ± 1.79 g/dl) and the highest sTfR levels (8.94 ± 6.56

mg/L) that resulted in the highest prevalence of anemia (73.2%), iron deficiency (39.5%)

and IDA (35.6%). Plasma retinol was significantly lower in the “vitamin A” and “iron +
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vitamin A” groups, and therefore, the prevalence of VAD (retinol < 0.7 µmol/L) was

greater in those two groups (Table 1).

Correlation between Hb and retinol at baseline

Subjects (n = 484) demonstrated a significant positive correlation between vitamin A and

Hb concentrations at baseline (Pearson r = 0.212, P < 0.0001; Figure 1) with 26% of

women who were anemic also having VAD (retinol < 0.7 µmol/L). A negative

correlation was also found between retinol and sTfR at baseline (Pearson r = -0.167, P =

0.0002).

Effect of supplementation on Hb

After adjusting for gestation and baseline values of Hb, sTfR, and retinol, vitamin A and

iron supplementation for a mean period of 30 ± 4 days significantly increased Hb by 0.58

± 0.08 g/dl (CI: 0.42, 0.75); two-third of this increase could be attributed to

supplementation with iron (0.33 ± 0.09 g/dl, CI: 0.16, 0.50). The increase in Hb

concentrations in the “iron + vitamin A” group was significantly higher than that in the

“iron” group (P = 0.030) (Table 2). This improvement in Hb was paralleled by a 23.4%

and a 15.6% decrease in the prevalence of anemia (Hb < 11.0 g/dl) in the “iron + vitamin

A” and “iron” groups, respectively (Table 3). On the other hand, 17% and 38% of women
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who did not receive supplementation or who received vitamin A alone developed anemia

during pregnancy over a period of 4 weeks, respectively (P < 0.001) (Table 3).

Among non-anemic women (Hb ≥ 11.0 g/dl), the Hb concentration did not change

significantly from baseline with iron or iron and vitamin A supplementation; however, it

decreased significantly by 0.46 ± 0.16 g/dl (CI: -0.78, -0.14) in the “no supplements”

group and by 0.47 ± 0.17 g/dl (CI: -0.80, -0.13) in the “vitamin A” group (Table 2). The

increase in Hb among anemic subjects (Hb < 11.0 g/dl) in the “iron + vitamin A” group

(1.08 ± 0.11 g/dl; CI: 0.86, 1.30) appeared to be greater (P = 0.069) than that in the “iron”

group (0.78 ± 0.12 g/dl; CI: 0.56, 1.01), although neither was statistically significant.

The changes in Hb concentrations were similar in the four supplementation groups

among subjects presenting with baseline retinol concentrations ≥ 0.7 µmol/L (P = 0.537).

However, when subjects demonstrated VAD (retinol < 0.7 µmol/L), only the “iron +

vitamin A” group showed a significant increase in Hb over time (0.64 ± 0.19 g/dl, CI =

0.27, 1.01); this increase was not significantly different than the increase observed among

vitamin A deficient subjects on iron supplementation alone (P = 0.088) (Table 2).

Further, vitamin A supplementation alone (without iron) was not associated with a

significant change in Hb among subjects with compromised vitamin A status (Table 2).

While among women in the “iron deficiency without anemia” group (Hb ≥ 11.0 g/dl and

sTfR > 8.5 mg/L) Hb concentrations did not change significantly, a general decline in Hb
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among supplementation groups was seen but was shown to be non-significant (Table 2).

Only among women with baseline Hb < 11.0 g/dl (among non-iron-deficient anemic and

iron-deficient anemic subjects), did the Hb significantly increase after iron

supplementation and iron plus vitamin A supplementation. The latter group showed the

greatest increase in Hb concentrations (Table 2). This could be explained by the strong

inverse correlation between change in Hb and baseline Hb (Pearson r = -0.520, P <

0.0001) versus the weak correlation between change in Hb and baseline sTfR (Pearson r

= 0.124, P = 0.006).

Effect of supplementation on sTfR

The prevalence of iron deficiency (sTfR > 8.5 mg/L) decreased in all supplementation

groups, but only significantly among women who received iron supplements, regardless

of vitamin A intake (Table 3).

When comparing change in sTfR across the groups using the adjusted analysis (Table 2),

all supplementation had a positive effect on sTfR, significantly decreasing its levels from

baseline. However, the decrease in sTfR did not differ significantly by supplementation

group (P = 0.276) (Table 2). Vitamin A supplementation did not appear to have an added

beneficial effect on decreasing sTfR when given with iron even though vitamin A alone

was able to significantly decrease sTfR among all subjects, regardless of their initial Hb

and retinol concentrations.
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The decreases in sTfR levels with supplementation were more pronounced among

women with iron-deficiency at baseline women (sTfR > 8.5 mg/L), with or without

anemia, relative to all non-iron-deficient women (sTfR ≤ 8.5 mg/L) including those who

were anemic (Hb < 11.0 g/dl and sTfR ≤ 8.5 mg/L). This is because the change is sTfR

was more strongly correlated to baseline sTfR (Pearson r = -0.692, P < 0.0001) than

baseline Hb (Pearson r = 0.225, P < 0.0001). The greatest decrease in sTfR was shown in

women with IDA (Hb < 11.0 g/dl and sTfR > 8.5 mg/L) who were supplemented by iron

alone (-5.74 ± 0.77 mg/L, CI: -7.25, -4.22) (Table 2).

DISCUSSION

In rural Nepali pregnant women, we found no evidence that vitamin A supplementation

alone significantly increased Hb and decreased the prevalence of anemia. However,

vitamin A supplementation (25,000 IU/week) together with iron supplementation (60

mg/day) for 4 weeks during pregnancy significantly improved Hb concentrations as

compared to iron supplementation alone. Combining vitamin A supplementation with

iron supplementation in this population did not have a significant change on sTfR during

pregnancy.
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When Hb response was measured in anemic (Hb < 11.0 g/dl) pregnant women, with and

without iron deficiency (sTfR > 8.5 mg/L and sTfR ≤ 8.5 mg/L, respectively), iron

supplementation improved Hb. Conversely, non-anemic pregnant women showed no

improvement, but a non-significant decrease, in Hb. Such an effect may be due to several

reasons: 1) non-anemic women demonstrated tissue iron adequacy reflected by lower

sTfR concentrations relative to the anemic group and thus supplementation did not have

an effect on iron stores (169); 2) higher initial Hb concentrations among non-anemic

women, given that change in Hb was negatively correlated with baseline values; 3) a diet

high in inhibitors of iron absorption, which could have affected the bioavailability of iron

from supplements (170) and thus efficacy in increasing Hb; 4) a decrease in intestinal

absorption of iron caused by daily intake of supplements (171, 172); and 5) the initial

maternal iron status was adequate thus the placenta and fetus competed effectively for the

supplemental iron.

Iron supplementation, alone or with vitamin A, improved sTfR of women with iron

deficiency and IDA to a greater extent than those with anemia in the absence of iron

deficiency. It is possible that sTfR was not sensitive enough to detect the effect of iron

supplementation in the absence of iron deficiency. A similar observation was made in

Indian pregnant women where a significant effect of iron intake (60 mg/day for 100 days)

on sTfR was seen only among iron-deficient anemic women (n = 9; sTfR: 18.3 ± 5.1

mg/L) (173).
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A decrease in sTfR may occur in the presence of inflammation, decreased reticulocytosis,

or when depleted tissue iron stores are replenished (129). In this study, it is unlikely that

inflammation was associated with this decrease because CRP and AGP levels improved

in all groups regardless of supplementation provided. Although, red cell production

decreases in early pregnancy, our subjects were in their second and third trimester. Thus,

we conclude that the observed decrease in sTfR likely reflects improvement in tissue iron

status due to an increase in iron supply from the iron capsules and possibly enhanced

mobilization of iron from liver stores to tissues due to vitamin A. Unexpectedly, women

who did not consume any supplement also experienced an improvement in sTfR. We

have shown in a previous study, that an increase in dietary heme iron intake was

associated with a low risk of iron deficiency (174). Therefore, it is possible that during

the follow-up period, women in the “no supplement” group increased their intake of

heme iron. Alternatively, it could reflect a decline in reticulocytosis (129).

Women who did not consume iron supplements had a decrease in their Hb concentration

even though they were non-anemic at baseline and remained so. This decrease was not

paralleled by an increase in sTfR. Nonetheless, IDA prevalence increased in the groups

not supplemented with iron tablets. This suggests the need for iron supplementation of

all pregnant women.

Consistent with previous reports (29, 33, 46), we observed a positive correlation between

Hb and retinol concentrations at baseline. In Malawi, pregnant women demonstrated a



103

correlation of 0.256 (P < 0.0001) between plasma retinol and Hb concentrations (149).

VAD was common among pregnant women in Nepal and, in the same population a high

prevalence of anemia was found (29, 33). In our study population, overall prevalence of

anemia was 54.3%; one fourth of these women also were vitamin A deficient (retinol <

0.7 µmol/L). However, consistent with findings of others (93, 166), we observed no

improvement in Hb or anemia with treatment with vitamin A alone. Two randomized

controlled trials in Malawi administered daily vitamin A supplements of 5,000 IU (93,

166) and 10,000 IU (166) and showed no improvement in prevalence of anemia or Hb

concentrations in supplemented women relative to the control populations. In the first

trial by van den Broek (93), supplementation started as early as 12 weeks of pregnancy

and continued until delivery. The mean change in Hb was not significantly different

among 700 women who were anemic pre-supplementation and who received 60 mg iron

as ferrous sulfate with either 5,000 IU vitamin A (n = 234; + 0.77 g/dl; 95% CI = 0.5,

1.1), 10,000 IU vitamin A (n = 234; + 0.91 g/dl; 95% CI = 0.7, 1.2) or placebo (n = 232;

+ 0.94 g/dl; 95% CI = 0.7, 1.2). In the second trial by Semba et al (166), pregnant women

received either daily vitamin A (10,000 IU) and iron (30 mg) or just iron (30 mg) from

enrollment until delivery. Mean change in Hb was 0.47 ± 0.16 g/dl in the vitamin A

group (n = 63) and 0.73 ± 0.23 g/dl in the control group (n = 52) and was not

significantly different between the two groups. The lack of effect observed in these

studies could be attributed to the study populations having a satisfactory vitamin A status

(93) or a high prevalence of malarial parasitemia (166), which would increase the

prevalence of iron deficiency. These findings are in contrast to a previous study in
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Indonesia (82), where vitamin A supplementation (8,000 IU daily) for 8 weeks

significantly increased Hb concentrations by 0.6 g/dl among anemic pregnant women. In

contrast to the Indonesian trial (82), the group of women who received vitamin A tablets

in the present study was not anemic and, as shown earlier, the change in Hb was

associated with baseline values. Also, our subjects were supplemented with a lower

vitamin A dose (25,000 IU weekly) for a shorter period of time (4 weeks versus 8 weeks).

It is possible that the effect of vitamin A alone on Hb is dose and time-dependent and

therefore, a higher dose of vitamin A and/or a longer period of supplementation were

needed for vitamin A to exert a significant positive change on Hb. In addition, our

population had a higher VAD (retinol < 0.7 µmol/L) prevalence (22% versus 10%) and a

high prevalence of night blindness, so it is possible that the supplemental vitamin A was

preferentially taken up by tissue to replenish plasma levels and only then were liver stores

increased resulting in correction of the women’s night vision and subsequently enhanced

erythropoiesis.

It is worth highlighting that dual supplementation of weekly vitamin A and daily iron

resulted in the greatest increase in Hb concentrations than for iron supplementation alone

and prevented a decrease in Hb among women with initial normal Hb levels. Several

studies have explored the use of vitamin A combined with iron to improve Hb status and

showed comparable results (82, 84, 85, 175). Indonesian pregnant women who received

weekly vitamin A (16,000 IU) and iron supplementation (120 mg ferrous sulfate; n =

121) for an average duration of 20 weeks had a significantly greater increase in Hb
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concentrations compared to weekly (n = 122) or daily (n = 123) iron alone (85). Daily

supplementation of 60 mg iron and 2.4 mg retinol (8,000 IU) to anemic pregnant women

increased Hb by 1.5 g/dl compared to an increase of 1.0 g/dl with iron alone (82). The

corresponding changes in Hb observed among our anemic subjects were 1.08 g/dl and

0.78 g/dl for combination of iron and vitamin A or iron alone, respectively.

In spite of numerous studies investigating the association between VAD and IDA, the

underlying mechanisms remain not fully understood. Animal studies found that vitamin

A supplementation of vitamin A-deficient rats enhanced their recovery from iron

deficiency and decreased body iron stores while increasing tissue iron levels (73). These

studies suggested that VAD might hinder access to liver iron stores making iron

unavailable for erythropoiesis resulting in the development of functional anemia and

abnormal iron indices (68, 69). However, results of a recent study that showed that

marginal VAD did not exacerbate any indices of iron status in rats (74) argues against

this hypothesis. Interestingly, the latter study (74) showed that iron deficiency resulted in

the retention of vitamin A in the liver as evidenced by increased vitamin A stores in the

presence of lowered plasma retinol concentrations (74, 76). In the present study, we did

not measure iron (ferritin) or vitamin A stores in the liver. However, circulating retinol

was significantly lower among iron-deficient women and sTfR was higher among

vitamin A-deficient women. Thus, available evidence supports a relationship between

iron and vitamin A that requires continued exploration.
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In vitro studies have indicated that the erythropoietin (EPO) gene contains a retinoic acid

responsive element (57).Vitamin A caused an increase in synthesis of EPO by human

hepatoma cells (61) and isolated rat kidneys (60). Yet, several clinical trials have not

corroborated these in-vitro studies. Vitamin A supplementation had no effect on EPO

production in pregnant women in Malawi (166) and decreased EPO concentrations in

severely anemic Zanzibari preschool children (63). It is important to note that these

studies were conducted in endemic malarial regions, and malaria could have influenced

the production of EPO (64, 65). This is possible since vitamin A supplementation

increased EPO concentrations in malaria-free school-age Moroccan children with

depleted vitamin A and iron status (66). Even though measuring EPO in the present study

could have clarified the effect of vitamin A on erythropoiesis, EPO concentrations may

fluctuate during pregnancy (133, 176), and therefore its use may not be reliable.

The anti-infective properties of vitamin A could also lead to a decrease in the prevalence

of anemia of chronic infection (67). During chronic infection, synthesis of RBP and

transferrin is suppressed causing the retention of vitamin A and iron in the liver and

spleen. Given the anti-infective properties of vitamin A, its administration would enhance

resumption of RBP and transferrin synthesis, thus, releasing the sequestered iron and

vitamin A (67). In our study, CRP and AGP remained stable so it is unlikely that

modulation of infection contributed to changes in Hb or sTfR concentrations.
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Another possible reason that combined vitamin A and iron supplementation demonstrated

a significant effect on iron status may be that vitamin A blocks the phytate-induced

inhibition of iron absorption (77, 78); however, other studies have generated

contradictory results (79, 80). These discrepancies could have arisen from

methodological differences or the differences in the nutritional or health status of the

study subjects.

For the present analysis, we excluded women with at least one missing value for any of

the outcome variables (Hb and sTfR). Exclusion of subjects due to missing data may

introduce selection bias; however, the differences in our covariates and outcome

measures used in the ANCOVA analyses between excluded and non-excluded subjects

were clinically insignificant, which led us to assume that the selection bias was minimal.

Moreover, part of the data on iron supplement intake was self-reported and may cause

information bias which could lead to misclassification of the subjects into the four

supplementation groups. Another limitation to the present study was that malarial

infection was not assessed. However, CRP and AGP, which correlate well with malaria

parasitemia (177), were measured and they did not differ significantly across the

supplementation groups.
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CONCLUSION

In conclusion, the coexistence of VAD and IDA among pregnant women in rural Nepal

and the improvement in Hb concentrations and anemia status observed with the addition

of vitamin A to iron supplementation warrant continued routine supplementation of iron

and low dose vitamin A during pregnancy in rural Nepal per the MOH protocol. Other

intervention programs involving improving pregnant women’s status of both iron and

vitamin A are recommended.
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Table 1 Baseline characteristics of Nepali pregnant women by supplementation groups1

No Supplements
(n = 64)

Vitamin A
(n = 50)

Iron
(n = 179)

Iron + vitamin A
(n = 205)

Age (yrs) 23.66 ± 3.66 23.98 ± 3.97 23.74 ± 3.75 24.52 ± 4.56
Parity 1.77 ± 1.68 1.82 ± 1.32 1.60 ± 1.43 1.78 ± 1.59
Gravidity 3.09 ± 1.81 3.12 ± 1.53 2.90 ± 1.59 3.24 ± 1.81
Gestational age (wks) 23.52 ± 5.38 25.72 ± 6.61 26.37 ± 5.34 25.64 ± 5.81†

Follow-up period (d) 29.16 ± 2.51 30.84 ± 3.14 28.51 ± 3.08 30.70 ± 4.83¶

Weight (kg) 45.32 ± 6.67 44.79 ± 5.99 46.37 ± 5.42 44.95 ± 5.27
Height (cm) 150.02 ± 6.01 149.95 ± 4.73 150.78 ± 5.10 150.27 ± 5.66
MUAC (cm) 22.10 ± 2.11 21.61 ± 2.25 22.44 ± 2.79 21.75 ± 2.01*
Hb (g/dl)
Mean ± SD
% < 11.0 g/dl

12.07 ± 0.82
0.0

11.93 ± 0.90
0.0

10.44 ± 1.46
67.6

10.08 ± 1.79¶

73.2
sTfR (mg/L)
Mean ± SD
% > 8.5 mg/L

5.94 ± 2.34
14.1

6.28 ± 3.21
20.0

7.68 ± 4.75
29.6

8.94 ± 6.56¶

39.5¶

% Hb < 11.0 g/dl and
sTfR > 8.5 mg/L

0.0 0.0 26.3 35.6*

Retinol (µmol/L)
Mean ± SD

(n = 61)
1.19 ± 0.40

(n = 50)
1.10 ± 0.45

(n = 175)
1.14 ± 0.39

(n = 198)
0.95 ± 0.49¶

% < 0.7 µmol/L 8.2 20.0 12.6 34.3¶

Hb – Hemoglobin; MUAC – Mid-upper arm circumference; SD – Standard deviation; sTfR – Soluble transferrin receptor.
1 Data reported as mean ± SD for continuous variables or as percentages. Differences across supplementation groups were
tested by ANOVA for means and χ2 test for proportions. * p < 0.05; † p < 0.01; ¶ p < 0.001.



110

Table 2 Adjusted changes in mean Hb and sTfR in Nepali pregnant women by supplementation groups and iron and
vitamin A status at enrollment

No supplements Vitamin A Iron Iron + Vitamin A
∆ Hb (g/dl)

Mean ± SE2 (n)
(95% CI)

P1

Iron status groups3

Normal

ID without anemia

Anemia without ID

IDA

-0.31 ± 0.16 (55)
(-0.63, 0.02)
-0.95 ± 0.48 (9)
(-1.94, 0.05)
--- (0)

--- (0)

-0.36 ± 0.18 (40)
(-0.73, 0.0)
-0.50 ± 0.44 (10)
(-1.40, 0.41)
--- (0)

--- (0)

-0.16 ± 0.19 (52)
(-0.52, 0.21)
-0.59 ± 0.53 (6)
(-1.68, 0.50)
0.76 ± 0.15 (74)
(0.46, 1.07)
0.77 ± 0.18 (47)
(0.41, 1.12)

0.10 ± 0.18 (47)
(-0.25, 0.44)
-0.69 ± 0.46 (8)
(-1.63, 0.25)
1.14 ± 0.15 (77)
(0.84, 1.45)
0.96 ± 0.15 (73)
(0.65, 1.27)

0.271

0.930

0.081

0.412

Hb < 11.0 g/dl
No

Yes

-0.46 ± 0.16 (64)
(-0.78, -0.14)
--- (0)

-0.47 ± 0.17 (50)
(-0.80, -0.13)
--- (0)

-0.27 ± 0.18 (58)
(-0.62, 0.09)
0.78 ± 0.12 (121)
(0.56, 1.01)

-0.10 ± 0.17 (55)
(-0.45, 0.24)
1.08 ± 0.11 (150)
(0.86, 1.30)

0.343

0.069

sTfR > 8.5 mg/L
No

Yes

0.34 ± 0.17 (56)
(-0.00, 0.67)
-0.31 ± 0.41 (9)
(-1.13, 0.51)

0.21 ± 0.19a (40)
(-0.16, 0.59)
-0.19 ± 0.37 (10)
(-0.92, 0.55)

0.39 ± 0.11a (126)
(0.18, 0.60)
0.24 ± 0.17 (53)
(-0.09, 0.57)

0.73 ± 0.10b (124)
(0.52, 0.94)
0.30 ± 0.15 (81)
(0.0, 0.60)

0.040

0.435

Retinol < 0.7 µmol/L
No

Yes

0.39 ± 0.16 (56)
(0.09, 0.70)
-0.39 ± 0.61 (5)
(-1.60, 0.83)

0.32 ± 0.18 (40)
(-0.03, 0.67)
-0.33 ± 0.44 (10)
(-1.19, 0.54)

0.41 ± 0.09 (153)
(0.24, 0.58)
0.23 ± 0.30 (22)
(-0.36, 0.82)

0.57 ± 0.09 (130)
(0.38, 0.76)
0.64 ± 0.19 (68)
(0.27, 1.01)

0.537

0.088
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All 0.21 ± 0.15 (64)
(-0.09, 0.52)

0.11 ± 0.16 a (50)
(-0.22, 0.43)

0.33 ± 0.09a (179)
(0.16, 0.50)

0.58 ± 0.08b (205)
(0.42, 0.75)

0.030

∆ sTfR (mg/L)
Mean ± SE2 (n)

(95% CI)
P1

Iron status groups3

Normal

ID without anemia

Anemia without ID

IDA

-1.23 ± 0.27 (55)
(-1.77, -0.70)
-2.64 ± 1.14 (9)
(-5.00, -0.29)
--- (0)

--- (0)

-0.92 ± 0.30 (40)
(-1.51, -0.32)
-3.61 ± 1.04 (10)
(-5.76, -1.47)
--- (0)

--- (0)

-1.34 ± 0.30 (52)
(-1.94, -0.74)
-4.38 ± 1.26 (6)
(-6.97, -1.79)
-0.93 ± 0.27 (74)
(-1.46, -0.40)
-5.74 ± 0.77 (47)
(-7.25, -4.22)

-0.79 ± 0.29 (47)
(-1.35, -0.22)
-4.49 ± 1.08 (8)
(-6.71, -2.26)
-0.78 ± 0.27 (77)
(-1.31, -0.25)
-5.59 ± 0.66 (73)
(-6.91, -4.28)

0.512

0.658

0.692

0.888

Hb < 11.0 g/dl
No

Yes

-2.39 ± 0.25 (64)
(-2.87, -1.90)
--- (0)

-2.30 ± 0.26 (50)
(-2.81, -1.79)
--- (0)

-2.73 ± 0.27 (58)
(-3.27, -2.19)
-2.45 ± 0.31 (121)
(-3.06, -1.83)

-2.42 ± 0.26 (55)
(-2.94, -1.90)
-2.16 ± 0.30 (150)
(-2.75, -1.57)

0.655

0.500

sTfR > 8.5 mg/L
No

Yes

-0.94 ± 0.31 (55)
(-1.56, -0.32)
-2.70 ± 1.76 (9)
(-6.19, 0.78)

-0.72 ± 0.35 (40)
(-1.40, -0.04)
-3.99 ± 1.59 (10)
(-7.13, -0.86)

-1.09 ± 0.19 (126)
(-1.47, -0.71)
-5.43 ± 0.71 (53)
(-6.83, -4.02)

-0.78 ± 0.19 (124)
(-1.16, -0.40)
-5.32 ± 0.65 (81)
(-6.61, -4.04)

0.653

0.500

Retinol < 0.7 µmol/L
No

Yes

-2.16 ± 0.34 (56)
(-2.83, -1.50)
-0.96 ± 1.76 (5)
(-4.45, 2.53)

-2.00 ± 0.39 (40)
(-2.76, -1.23)
-2.17 ± 1.26 (10)
(-4.66, 0.33)

-2.65 ± 0.19 (153)
(-3.03, -2.28)
-2.69 ± 0.86 (22)
(-4.40, -0.99)

-2.27 ± 0.21 (130)
(-2.68, -1.86)
-2.39 ± 0.54 (68)
(-3.46, -1.32)

0.311

0.859
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All -1.90 ± 0.37 (64)
(-2.63, -1.16)

-1.93 ± 0.40 (50)
(-2.72, -1.14)

-2.62 ± 0.21 (179)
(-3.04, -2.21)

-2.35 ± 0.20 (205)
(-2.74, -1.95)

0.276

CI – Confidence interval; Hb – Hemoglobin; IDA – Iron deficiency anemia; SE – Standard error; sTfR – Soluble transferrin
receptor.
1 P-values are for comparison across supplementation groups using analysis of covariance including baseline Hb, baseline
sTfR, baseline retinol and gestational age. Data for 14 women were omitted from this analysis due to missing retinol.
2 Means in a row with different superscript letters are significantly different, P < 0.05 (Bonferroni test)
3 Normal: Hb ≥ 11.0 g/dl and sTfR ≤ 8.5 mg/L; ID without anemia: Hb ≥ 11.0 g/dl and sTfR > 8.5 mg/L; Anemia without ID:
Hb < 11.0 g/dl and sTfR ≤ 8.5 mg/L; IDA: Hb < 11.0 g/dl and sTfR > 8.5 mg/L
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Table 3 Iron, vitamin A and inflammation status indicators in Nepali pregnant women at baseline and follow-up by
supplementation groups1

No supplements
(n = 65)

Vitamin A
(n = 50)

Iron
(n = 178)

Iron + vitamin A
(n = 205)

Baseline Follow-up Baseline Follow-up Baseline Follow-up Baseline Follow-up
% Hb < 11.0 g/dl 0.0 17.2¶ 0.0 38.0¶ 67.6 51.9† 73.2 49.8¶

% sTfR > 8.5 mg/L 14.1 6.2 20.0 10.0 29.6 9.5¶ 39.5 19.0¶

% Hb < 11.0 g/dl and
sTfR > 8.5 mg/L

0.0 3.1 0.0 4.0 26.3 7.8¶ 35.6 13.2¶

∆% Hb < 11.0 g/dl 17.2 38.0 -15.6 -23.4¶

∆% sTfR > 8.5 mg/L -7.8 -10.0 -20.1 -20.5*
∆% Hb < 11.0 g/dl
and sTfR > 8.5 mg/L

3.1 4.0 -18.4 -22.4¶

Iron status groups2

Normal 85.9 79.7 80.0 56.0* 29.0 46.4¶ 22.9 44.4¶

ID without anemia 14.1 3.1* 20.0 6.0* 3.3 1.7 3.9 5.8
Anemia without ID 0.0 14.1† 0.0 34.0¶ 41.3 44.1 37.6 36.6
IDA 0.0 3.1 0.0 4.0 26.3 7.8¶ 35.6 13.2¶

Iron status groups2

Normal -6.2 -24.0 17.3 21.5¶

ID without anemia -11.0 -14.0 -1.7 1.9¶

Anemia without ID 14.1 34.0 2.8 -1.0¶

Hb – Hemoglobin; ID – Iron deficiency; IDA – Iron deficiency anemia; sTfR – Soluble transferrin receptor
1 Data reported as mean ± SD or as percentage. Differences in proportions between baseline and follow-up within each
supplementation group were tested by two-sample test for proportions. Differences in changes in proportions across
supplementation groups were tested by χ2-test. * p < 0.05; † p < 0.01; ¶ p < 0.001.
2 Normal: Hb ≥ 11.0 g/dl and sTfR ≤ 8.5 mg/L; ID without anemia: Hb ≥ 11.0 g/dl and sTfR > 8.5 mg/L; Anemia without ID:
Hb < 11.0 g/dl and sTfR ≤ 8.5 mg/L; IDA: Hb < 11.0 g/dl and sTfR > 8.5 mg/L
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Figure 1 Association between retinol and hemoglobin. Pearson r = 0.212 (P < 0.0001)
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CHAPTER 5

MATERNAL HEMOGLOBIN CONCENTRATIONS AND RISK OF LOW BIRTH

WEIGHT AND PRETERM DELIVERY IN RURAL NEPALI PREGNANT

WOMEN

ABSTRACT

Background: Maternal hemoglobin (Hb) concentration may be a non-linear factor that

adversely impacts pregnancy outcomes through low birth weight (LBW) and premature

birth.

Objective: To investigate risk factors for LBW and prematurity with a focus on Hb

concentration.

Design: This prospective study included 915 pregnant women residing in the rural

southeastern Nepal. Socio-demographic and clinical data were obtained. Maternal dark

adaptation was assessed by the Night Vision Threshold Test. LBW (birth weight < 2500

g) and prematurity (birth at < 37 weeks gestation) were the primary outcomes. Severe

anemia was defined as Hb < 8.0 g/dl and abnormally high Hb as > 13.0 g/dl.

Results: Risk factors for LBW included age < 20 years, height ≤ 147 cm, mid-upper arm

circumference < 21 cm and impaired dark adaptation. Severe anemia during the second

trimester significantly increased the risk for LBW (AOR = 3.27; 95% CI: 1.15 – 9.29; P
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= 0.026), while, during the third trimester, it had no effect (AOR = 0.93; 95% CI: 0.28 –

3.12; P = 0.907). Higher Hb concentration during the second trimester increased the risk

for LBW, but the association was not significant (AOR = 2.61; 95% CI: 0.84 – 8.12; P =

0.097). A U-shaped distribution between Hb concentrations and risk of LBW was noted

in the second-trimester. Severe anemia did not have a significant association with preterm

delivery.

Conclusion: Our results suggest that improving Hb before the second trimester and the

overall nutritional status of pregnant women may be essential in preventing LBW.
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INTRODUCTION

Low birth weight (LBW) is a universal problem striking mainly developing countries,

where 90% of LBW infants are born (178). LBW has been associated with high infant

mortality and childhood morbidity (102). The etiology of LBW is multifactorial. Studies

have described maternal factors such as age, parity, plural pregnancies, inter-pregnancy

spacing, ethnicity, economic status, smoking and BMI as risk factors associated with

LBW (11, 12, 103, 104, 179-181). While inconsistent data regarding the relationship

between maternal anemia and adverse birth outcomes exist, some studies have found

anemia to be significantly associated with increased the risk of preterm delivery (5-10,

13, 98, 104), LBW (5-13, 104, 182), low Apgar score (182) and perinatal death (5, 182),

whereas others have not (99-101, 183, 184). In addition to anemia, others have reported

an association between high maternal hemoglobin (Hb) concentrations and adverse birth

outcomes (9, 13, 104), suggesting that women with low and high Hb are at increased risk

for poor birth outcomes and a clinically healthy range of maternal Hb exists that is

protective against these outcomes.

There is a high prevalence of anemia among pregnant women living in the rural terai

regions in Nepal (33, 185). Identifying pregnant women who are at increased risk for

adverse outcomes, while challenging due to limited access to maternal health care (186),

is an essential part of antenatal screening. The objective of the present study was to
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investigate the association between maternal risk factors, focusing on Hb concentrations,

and LBW and preterm delivery, in a sample of rural Nepali pregnant women.

SUBJECTS AND METHODS

Pregnant women (n = 3531) in their second or third trimester were enrolled from two

districts, Sunsari and Parsa, located in the terai in southeastern Nepal. Women between

the ages 18 and 45 years, who were not blind and who were able to understand the

instructions and sign the consent form were included in the study.

At enrollment, trained health workers collected data regarding maternal age, gestational

age, parity, birth spacing, frequency of antenatal clinic visits prior to enrollment,

consumption of iron supplements, education, employment status, tobacco exposure and

alcohol consumption. Gestational age was estimated by asking the first day of the last

menstrual period (LMP). Birth interval was measured for all women excluding

primiparous women. Body weight was measured using a calibrated electronic scale

accurate to the nearest 0.1 kg; height was measured to the nearest 0.1 cm using a wooden

measuring board mounted to the clinic wall; and mid-upper arm circumference (MUAC)

was measured to the nearest 0.1 cm using a paper insertion tape following standardized

procedures (153).
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The night vision threshold test (NVTT), which uses a scoring system, was used to assess

the subjects’ ability to adapt to darkness (141, 142). A score of 7 indicated normal dark

adaptation. Women were also asked if they have been diagnosed with night blindness. All

subjects who failed the NVTT (score < 7) or reported history of night blindness received

4 weekly doses of 25,000 International Units (IU) of vitamin A in accordance with the

Nepali Ministry of Health (MOH) protocol.

Stool and urine samples

Subjects were asked to provide a stool sample for examination of the presence of 3

helminths: hookworm, Ascaris lumbricoides (A. lumbricoides) and Trichuris trichiura (T.

trichiura). Stool samples were tested using the Kato-Katz method (152). Hookworm egg

load (eggs per gram feces (epg)) was reported as light, moderate and heavy based on

World Health Organization (WHO) classification (152). Infected women were treated

with 400 mg Albendazole per the Nepali MOH regulations. Urine samples were collected

in a subsample (n = 177) and their cotinine level was recorded using urinary dip strips to

validate reported tobacco use, a known modifier of birth weight (187). Mean cotinine

level was very low confirming the reported tobacco use.
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Iron and vitamin A status assessment

Baseline soluble transferrin receptor (sTfR), C-reactive protein (CRP), α1-acid

glycoprotein (AGP), retinol binding protein (RBP) and retinol were measured in pregnant

women using the dried blood spot (DBS) technique. Capillary blood from a finger prick

was collected on standardized filter paper (Schleicher and Schuell #903, Keene, NH),

dried at room temperature away from UV light, stored in air-tight zip-lock plastic bags

with desiccants (Fisher Scientific, Springfield, NJ), and stored in a refrigerator (2 – 8°C)

until shipped for analysis. Craft Technologies Inc. laboratory (North Carolina) conducted

the analysis for retinol using high performance liquid chromatography (139). The blood

spot was adjusted for sodium content to better estimate blood volume. sTfR, CRP, AGP

and RBP were measured using enzyme-linked immunosorbent assay (154). The

respective between-assay coefficients of variation (CV) were 7.5%, 8.2%, 5.7% and

5.7%. We used the following cutoff values for iron deficiency: sTfR > 8.5 mg/L; acute

inflammation: CRP > 5.0 mg/L; chronic inflammation: AGP > 1.0 mg/L; retinol or RBP

< 1.05 µmol/L for marginal vitamin A status and < 0.7 µmol/L for vitamin A deficiency

(VAD). We included these biochemical measurements in the present analysis to test for

confounding in the associations between maternal risk factors and LBW or premature

birth.

The hemocue photometer (HemoCue; Leo Diagnostics, Helsingborg, Sweden) was used

to measure Hb concentrations at baseline. Hb < 11.0 g/dl and Hb < 8.0 g/dl were

indicative of anemia and severe anemia (1), respectively. Subjects found anemic at
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enrollment received 30 doses of 60 mg iron supplements and were instructed to take one

per day.

Birth outcomes

All newborns were delivered at home with the assistance of a female family member or

by a traditional birth attendant (TBA). Labor and delivery outcomes were collected by the

health care staff during home visits. The pregnancy outcomes of interest included birth

weight, gestational age at delivery and perinatal death. A village-level information

network system consisting of already enrolled pregnant women, TBAs, female

community health volunteers, health workers and villagers ensured that the study-

designated interviewers were informed of delivery outcomes. Interviewers made an effort

to weigh newborns within 48 h of delivery; 74.7% (915/1225) of birth weights were

recorded within 48 h. Birth weight was measured at the participant’s home by subtracting

the mother’s weight from her weight holding the baby using battery-powered digital

scales (SECA) accurate to 0.1 kg. Measurements were repeated three times and averages

were computed. LBW was defined as birth weight of < 2500 g. Gestational age at

delivery was estimated as the difference in weeks between the newborn birth date and the

date of the LMP. Preterm delivery was defined as < 37 weeks.
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Statistical analysis

Descriptive statistics were used to describe baseline maternal characteristics. We created

categorical variables for all independent variables using cutoffs commonly used or

quantiles of the distribution. The primary outcomes, LBW (< 2500 g) and preterm

delivery (< 37 wks), were coded into binary variables (yes/no). Associations of LBW and

preterm delivery to different independent variables were tested by bivariate analysis

using the chi-square (χ2) test. Birth weight and length of gestation were significantly

correlated (Pearson r = 0.255; P < 0.0001). Variables with bivariate associations at

significance levels of P < 0.2 were entered into a multivariate logistic model to predict

LBW and preterm delivery. All covariates were tested for confounding and effect

modification. To reduce potential confounding effects, factors known to modify birth

weight or gestation length including maternal age, parity, week of gestation of the Hb

assessment and gestational age at delivery were included in the model regardless of

statistical significance. We further divided Hb concentrations into five levels based on the

WHO classification of anemia (1) to explore the relationship between low and high Hb

and birth outcomes. We tested the significance of interaction in the logistic models

between retinol and Hb, NVTT and Hb, and gestation at time of blood sampling and Hb.

In addition, because previous studies have suggested a differential effect of trimester-

specific Hb level on birth outcomes, we constructed two separate models to examine this

association, one for Hb concentration during the second trimester and separately for Hb

concentration during the third trimester. Statistical significance was considered at P <

0.05. Records with missing values in a variable were excluded from the analysis related
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to that variable. All statistical analysis was completed using STATA (version 8.0;

StataCorp LP, College Station, TX).

RESULTS

Table 1 illustrates the baseline characteristics of 915 subjects for which birth outcome

data were available. Subjects were on average young, thin and stunted. Few women were

literate or worked for wages. An equal number of women were in their second and third

trimester of pregnancy at the time of study enrollment. Approximately, one fourth of the

subjects had never received antenatal care (ANC) prior to enrollment. On average, birth

spacing was 34.8 ± 18.8 months (range: 9 – 159 months) for women with > 1 live birth.

Hookworm infection was light and the most prevalent followed by A. lumbricoides and T.

trichiura infections. Impaired dark adaptation (NVTT score < 7) was present in 11.4% of

the subjects.

Maternal risk factors and birth outcomes

Average birth weight was 2749.2 ± 443.3 g with 22.4% of newborns being of LBW (<

2500 g) and 20% born prematurely (< 37 wks) (Table 1). LBW was associated with

maternal age, parity, weight, height, MUAC, literacy, severe anemia at enrollment,

gestational age at delivery, baseline retinol and NVTT score (Table 2). Younger (< 20
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yrs) and nulliparous women were at higher risk of having a LBW newborn (Table 3). The

AORs (95% CI) for LBW among women in the highest quartiles for height (> 157 cm)

and MUAC (> 24 cm) were 0.35 (0.21 – 0.58) and 0.48 (0.29 – 0.80), respectively,

showing a protective effect compared to the lowest quartiles. There were no significant

associations between preterm delivery and age, parity, height or MUAC (Table 2 and 3).

The prevalence of LBW and preterm delivery increased significantly with decreasing

retinol concentrations (P < 0.05) and low NVTT score (P < 0.001) (Table 2). The AOR

for LBW (AOR = 2.92; CI: 1.40 – 6.10; P = 0.004) and preterm delivery (AOR = 3.27;

CI: 1.61 – 6.67; P = 0.001) nearly tripled when women failed the NVTT with a score ≤ 4.

Impaired dark adaptation was the only factor found to significantly increase the risk for

premature delivery in the adjusted analysis (Table 3).

We did not observe any significant association between LBW or preterm delivery and

birth spacing, number of antenatal clinic visits, employment status, iron deficiency (sTfR

> 8.5 mg/L), and IDA (Hb < 11.0 g/dl and sTfR > 8.5 mg/L), tobacco exposure or use of

alcohol (Table 2).

Hb and birth outcomes

Pregnant women with severe anemia (Hb < 8.0 g/dl) were 2.69 (CI: 1.02 – 7.07) times

more likely (P = 0.044) to have a LBW baby than women who were not. Severe anemia

did not appear to increase the risk for preterm delivery (AOR = 0.71; CI: 0.25, 2.06). An
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inverse U-shaped association was demonstrated between Hb concentration and mean

birth weight (Figure 1). In a multivariate regression analysis, adjusted decrements in

neonatal weight of 195, 50, 10, and 129 g were associated with Hb concentrations < 8.0,

8.0 – 9.9, 10.0 – 10.9, and > 13.0 g/dl, respectively.

Stratifying the study population by trimester of pregnancy at the time of initial Hb

measurement, we observed that 43.5% of the women who have had Hb < 8.0 g/dl in the

second trimester delivered infants with LBW. A similar proportion was observed among

women who have had Hb > 13.0 g/dl during the second trimester. These rates were

significantly different from that seen in the reference category (Hb 11.0 – 13.0 g/dl; P =

0.034) (Figure 2). Using multiple logistic regression, the AOR (95% CI) of delivering

LBW infants among women with Hb < 8.0 g/dl and Hb > 13.0 g/dl in the second

trimester were 3.27 (1.15 – 9.29; P = 0.026) and 2.61 (0.84 – 8.12; P = 0.097),

respectively (Table 4). The U-shape pattern of the association between maternal Hb

measured during the second trimester and proportion of LBW was not present during the

third trimester (Figure 2). Prevalence of premature delivery did not differ significantly by

Hb concentrations measured in the second or third trimester.

In our unadjusted bivariate analysis, we observed a prevalence of 41.7% of LBW infants

among anemic (Hb < 11.0 g/dl) and vitamin A-deficient pregnant women (retinol < 0.7

µmol/L) compared to 26.9% among anemic pregnant women and 38.9% among vitamin

A-deficient pregnant women. Of interest, 21.3% of women with normal iron and vitamin
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A nutriture delivered LBW infants (P = 0.062). Preterm birth was most common in

women with VAD regardless of anemia (38.9%) but was also common in women with

anemia (24.1%). The lowest prevalence of preterm birth (17.3%) was observed in women

with Hb ≥ 11.0 g/dl and retinol ≥ 0.7 µmol/L (P = 0.021). We further examined the

interaction between Hb and retinol and its potential association with LBW and preterm

delivery in the multiple logistic regression models. No significant interactions were

observed. In addition, iron and/or vitamin A supplementation were tested as potential

confounders but were found to be non-significant.

We recorded a total of 6 neonatal deaths. The rate of neonatal mortality was 4.8% among

severely anemic women (Hb < 8.0 g/dl) compared to 0.5% among women without severe

anemia (P = 0.005). In a multivariate logistic regression analysis, adjusted for LBW,

preterm birth, maternal age, parity, height and MUAC, the AOR (95% CI) for neonatal

mortality among severely anemic women was 15.17 (2.2 – 104.53; P = 0.006). Preterm

delivery also increased the risk of neonatal death by a factor of 6.4 (CI = 1.04 – 39.90; P

= 0.045).

DISCUSSION

In the present study, we found that the presence of second-trimester severe anemia (Hb <

8.0 g/dl) significantly increased the risk for LBW while third-trimester severe anemia
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was not significantly associated with LBW. Additionally, high Hb concentrations during

the second trimester appeared to increase the risk of LBW. An inverse U-shaped

association was noted between Hb concentrations and birth weight, suggesting that risk

of LBW is increased by abnormally low or high Hb concentrations. Preterm delivery was

not significantly associated with severe anemia or high Hb diagnosed in the second or

third trimester.

The LBW prevalence of 22.4% of births in this study was within the range of 18% to

30% commonly reported for populations of pregnant women residing in South Asian

countries such as Bangladesh (12) and India (11, 103). The prevalence of adverse birth

outcomes in our populations was higher than that recorded in another study in

Kathmandu, Nepal (104), where 17% and 6% of pregnant women attending a local

hospital had LBW infants and preterm deliveries, respectively. This difference was most

likely due to the greater prevalence of poverty and lower access to maternal and child

health services in the terai (186) where our research was completed.

Our results support findings from other studies that have shown a significant association

between maternal severe anemia and adverse pregnancy outcomes (5-13, 104, 182).

Severe anemia (Hb < 8.0 g/dl) was a significant predictor of LBW, increasing risk by

2.48 (n = 84; 95% CI = 1.31 – 4.68) in rural Bangladesh (12) and by 4.81 (n = 201; 95%

CI = 1.68 – 12.43) in India (11). Higher rates of both LBW and preterm delivery were

observed among anemic women (Hb < 10.0 g/dl) compared to non-anemic women in a
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retrospective population-based study in Israel (n = 153,396) (10). This relationship

persisted after adjusting for maternal age, ethnicity, placental problems and mode of

delivery. Similarly, in a hospital-based study in Kathmandu (n = 1400), Nepal, women

with severe anemia (hematocrit ≤ 24%) had a significantly increased risk of delivering

LBW (AOR = 2.4; 95% CI = 1.01 – 5.8) or preterm (AOR = 3.5; 95% CI = 1.3 – 9.2)

infants compared to the reference category (hematocrit 34 – 36%) (104). Our severely

anemic subjects had the same increased risk for LBW; however, the risk of preterm

delivery was not significantly associated with severe anemia. The lack of association

between severe anemia and prematurity could be due to the inaccurate assessment of

premature birth due to error in calculating gestational age.

Several potential biological mechanisms have been proposed through which anemia or

iron deficiency could adversely affect pregnancy outcome. Anemia can cause a decrease

in oxygen supply to the fetus activating a stress response (106), which stimulates the

synthesis of corticotropin-releasing hormone (CRH) (107). CRH is a major risk factor

from preterm labor (108), intrauterine growth retardation (IUGR) (109) and preeclampsia

(110). Some studies suggest that iron deficiency in itself, independently of anemia, may

have undesirable consequences on pregnancy outcomes by increasing serum

norepinephrine concentrations (111) and risk of maternal infections (112), and may also

increase CRH (113). Additionally, iron deficiency may increase oxidative damage to

erythrocytes and the fetoplacental unit (114, 115). In our study population, there was no

statistically significant association between iron deficiency (sTfR > 8.5 mg/L) and risk of
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LBW or preterm birth; however, there was a trend towards an increased rate of adverse

birth outcomes among women with iron-deficiency-specific anemia (n = 82) compared to

anemia from other causes (n = 95). Scholl et al (6) found that the odds of LBW were

tripled and those of preterm delivery more than doubled with iron deficiency, but were

not increased with anemia from other causes. The lack of statistical significance in our

study could be due to the smaller sample sizes in the subgroups or to the reduced

predictive value of sTfR during pregnancy.

We adjusted for gestational age at the time when the Hb measurements were taken due to

the physiologic hemodilution that occurs during pregnancy. Blood volume expands

throughout the first and the second trimester, reaches a plateau early during the third

trimester and decrease again near term. Scholl and Hediger (116) suggested that

depending on the stage of gestation when Hb is measured, it may be difficult to

differentiate between dilutional anemia and true anemia. Presumably, women who test

positive for anemia in late pregnancy are false positives. On the other hand, more women

who test positive for anemia in the second trimester are true positive. This could explain

the lack of association between severe anemia recorded during the third trimester and

LBW risk in our study population. In contrast, women with second-trimester severe

anemia had a significant ≥ 3-fold increase in risk of LBW. This finding of no association

between third-trimester severe anemia and LBW has also been reported previously (13,

98, 104, 116, 117). This suggests that it is better to evaluate Hb and correct any

abnormalities early in pregnancy to reduce the risk of LBW.
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In recent years, more attention has been directed at high maternal hematological status

during pregnancy and risk of adverse birth outcomes. Several studies have found an

increased incidence of LBW and preterm delivery in association with either a high

hematocrit (7, 117, 119) or high Hb concentration (5, 7-9, 13). In the present study, the

prevalence of LBW among women with Hb > 13 g/dl was significantly higher than that

among women with normal Hb concentrations. In a hospital-based study in Kathmandu,

Nepal (n = 1400) (104), where mean hematocrit as high as 40% was associated with

increased risk of low Apgar score, but not LBW or preterm birth. High Hb may be

mistakenly considered as indicative of adequate iron status, when, actually, it may be due

to increased blood viscosity (118) due to improper blood volume expansion. The

decrease in blood volume expansion can lead to a decreased perfusion of the placenta and

impaired oxygen and nutrient delivery to the fetus. This can restrict fetal growth resulting

in the infant being of low weight or premature at delivery (118). Therefore, high Hb

during pregnancy should be regarded as a signal for possible pregnancy complications,

independent of anemia-related events.

The role of iron supplementation during pregnancy in increasing birth weight is

uncertain. A meta-analysis (40) and a systemic review (188) studied the association

between maternal iron status and infant birth weight. These studies concluded that there

is insufficient evidence to infer that iron supplementation improves birth weight and that

this was partly due to poor design of the available studies (188). In addition to iron,
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maternal vitamin A nutriture appeared to be an important predictor of LBW and preterm

delivery. Consistent with another study (189), incidences of LBW and preterm birth were

higher among vitamin A-deficient women. Impaired dark adaptation, measured by the

NVTT, is a reliable indicator of the vitamin A status of a community (141). Pregnant

women who failed the NVTT increased their risk for adverse pregnancy outcomes nearly

3-fold. Our study was not designed to test the hypothesis that iron and/ or vitamin A

supplementation would increase birth weight. Nonetheless, given the high prevalence of

anemia and night blindness among pregnant women in rural Nepal and our finding of

increased prevalence of LBW in pregnant women with VAD, iron and/or vitamin A

supplementation during pregnancy as a measure to improve birth outcomes deserves

further examination.

Beyond iron and vitamin A status, other general indicators of health status of the mother,

including weight, MUAC and height, were major predictors of LBW and reflect an

overall poor maternal nutritional status. These findings are consistent with several other

studies (11, 12, 103, 104, 179-181). Maternal nutrition status before and during

pregnancy is a well-known determinant of pregnancy outcomes (190).
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CONCLUSION

In conclusion, severe anemia diagnosed in the second trimester of pregnancy, but not the

third, was associated with increased risk for LBW infant. The association between

second-trimester Hb concentrations and LBW risk was U-shaped. Rural Nepali pregnant

women should be monitored for abnormally low or high Hb concentrations, particularly

during the second trimester of pregnancy. Moreover, clinical interventions should be

promoted to prevent severe anemia from occurring during the second trimester to

minimize the risk of adverse birth outcomes. In addition to severe anemia, factors

associated with LBW and which pertain to the nutritional status of the mother included

height, MUAC, iron and vitamin A status. Therefore, strategies targeted at improving the

overall nutritional status through provision of quality foods to women of reproductive

age, before and during pregnancy, are needed. This requires efforts that extend beyond

those of ANC. Iron and vitamin A supplementation as a measure to improve birth

outcomes requires further investigation.
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Table 1 Baseline maternal characteristics of rural Nepali pregnant women1

%2

Age (yrs)
< 20
20 – 30
> 30

15.2
79.7
5.1

Gestational age at enrollment (wks)
< 26
≥ 26

49.6
50.4

Parity
0
1 – 4
≥ 5

37.5
59.1
3.4

Birth spacing3 (mo) (n = 572)
< 24
≥ 24

23.2
76.8

Weight (kg)
≤ 42
43– 46
47 – 50
> 50

25.0
25.7
25.0
24.3

Height (cm)
≤ 147
148 – 151
152 – 155
> 155

24.5
25.7
24.7
25.1

MUAC (cm)
< 21
21 – 22
23 – 24
> 24

23.8
26.8
25.8
23.6

Hookworm infection (n = 804)
Negative (0 egp4)
Light (1 – 1999 epg)
Moderate (2000 – 3999 epg)

67.1
29.6
3.2

Ascaris lumbricoides infection (n = 804) 5.7
Trichuris trichiura infection (n = 804) 2.1
NVTT score
7 (passed NVTT)
5 – 6
≤ 4

88.6
7.1
4.3

Literate 27.6
Work for wages 19.6
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Visits to antenatal clinic
0
1 – 2
≥ 3

24.8
61.5
13.8

LBW (< 2500 g) 22.4
Preterm (< 37 wks) 20.0

LBW- Low birthweight; MUAC – Mid-upper arm circumference; NVTT – Night vision
threshold test.
1 n = 915 unless reported otherwise.
2 Data reported as proportions.
3 Primipara excluded.
4 Eggs per gram feces.
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Table 2 Bivariate associations1 between maternal characteristics and birth outcomes
in rural Nepali pregnant women

Maternal characteristics Total
n

% LBW
(< 2500 g)

% Preterm
(< 37 wk)

Age (yrs)
< 20
20 – 30
> 30

139
729
47

33.8
20.8
12.8¶

21.6
19.7
19.1

Parity
0
1 – 4
≥ 5

343
541
31

27.1
20.1
9.7*

19.5
20.0
25.8

Birth spacing2 (mo)
< 24
≥ 24

133
439

18.8
19.8

20.3
20.3

Weight (kg)
≤ 42
43– 46
47 – 50
> 50

229
235
229
222

35.4
21.3
19.2
13.5¶

19.6
20.0
23.1
17.1

Height (cm)
≤ 147
148 – 151
152 – 155
> 155

224
235
226
230

34.8
20.4
19.9
14.8¶

22.3
17.9
21.7
18.3

MUAC (cm)
< 21
21 – 22
23 – 24
> 24

218
245
236
216

32.6
21.6
19.9
15.7¶

22.9
18.4
16.1
23.1

Literate
No
Yes

662
253

24.5
17.0*

20.7
18.2

Work for wages
No
Yes

736
179

21.7
25.1

19.8
20.7

Hb level3 (g/dl)
< 8.0
≥ 8.0

43
862

34.9
21.9*

23.3
19.9

sTfR (mg/L)
≤ 8.5
> 8.5

214
107

26.2
29.0

22.4
25.2
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IDA4

No
Yes

238
82

22.4
31.7

20.2
26.8

Retinol (µmol/L)
< 0.7
0.7 – 1.05
> 1.05

55
106
162

40.0
27.4
22.2*

38.2
22.6
19.7*

NVTT score
7 (passed NVTT)
5 – 6
≤ 4

811
65
39

20.8
24.6
51.3¶

18.4
29.2
38.5¶

Gestational age at delivery (wks)
≥ 37
< 37

732
183

18.0
39.9¶

---
---

Hb – Hemoglobin; ID – Iron deficiency; IDA – Iron deficiency anemia; LBW – Low
birth weight; MUAC – Mid-upper arm circumference; NVTT – Night vision threshold
test; sTfR – Soluble transferrin receptor
1 χ2-test for differences in proportions between categories. ¶ p < 0.001; † p < 0.01; * p <

0.05
2 Primipara excluded
3 WHO classification of anemia
4 Hb < 11.0 g/dl and sTfR > 8.5 mg/L
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Table 3 Maternal risk factors of low birth weight and preterm delivery in rural Nepali pregnant women
LBW (< 2500 g) Preterm (< 37 wks)

Maternal characteristics n
AOR (95% CI) P1 AOR (95% CI) P1

Age (yrs)
< 20
20 – 30
> 30

137
722
46

1.00
0.57
0.34

---
(0.35 – 0.93)
(0.12 – 0.97)

---
0.025
0.043

1.00
0.77
0.70

---
(0.46 – 1.29)
(0.28 – 1.80)

---
0.321
0.463

Parity
0
1 – 4
≥ 5

335
539
31

1.00
0.75
0.41

---
(0.50 – 1.11)
(0.11 – 1.47)

---
0.146
0.170

1.00
1.05
1.65

---
(0.71 – 1.58)
(0.65 – 4.19)

---
0.796
0.289

Height (cm)
≤ 147
148 – 151
152 – 155
> 155

223
233
224
225

1.00
0.54
0.51
0.35

---
(0.34 – 0.84)
(0.32 – 0.80)
(0.21 – 0.58)

---
0.007
0.004
0.000

1.00
0.85
1.04
0.78

---
(0.53 – 1.37)
(0.65 – 1.65)
(0.48 – 1.28)

---
0.508
0.873
0.329

MUAC (cm)
< 21
21 – 22
23 – 24
> 24

217
243
231
214

1.00
0.65
0.61
0.48

---
(0.41 – 1.02)
(0.38 – 0.97)
(0.29 – 0.80)

---
0.061
0.038
0.005

1.00
0.85
0.75
1.10

---
(0.53 – 1.36)
(0.46 – 1.23)
(0.68 – 1.79)

---
0.490
0.252
0.690

Hb at baseline2

≥ 8.0 g/dl
< 8.0 g/dl

862
43

1.00
2.69

---
(1.02 – 7.07)

---
0.044

1.00
0.71

---
(0.25 – 2.06)

---
0.533

NVTT score
7 (passed NVTT)
5 – 6
≤ 4

802
64
39

1.00
1.04
2.92

---
(0.54 – 1.97)
(1.40 – 6.10)

---
0.914
0.004

1.00
1.91
3.27

---
(1.06 – 3.44)
(1.61 – 6.67)

---
0.030
0.001

Gestational age at delivery
≥ 37 wks 723 1.00 --- --- --- --- ---
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< 37 wks 182 3.02 (2.07 – 4.41) 0.000 --- --- ---

AOR – Adjusted odds ratio; CI – Confidence interval; Hb – Hemoglobin; LBW – Low birthweight; MUAC – Mid-upper arm
circumference; NVTT – Night vision threshold test
1 Adjusted odds ratios (AOR), 95% confidence intervals (CI) and P-values obtained from multiple logistic regression model.
2 Adjusted for week of gestation at blood sampling.
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Table 4 Estimated risks of low birth weight according to maternal hemoglobin level
during pregnancy and gestation age at enrollment

LBW (< 2500 g)
Hb level4 (g/dl) n AOR1 (95% CI) P
Second-trimester2

< 8.0 23 3.27 (1.15 – 9.29) 0.026
8.0 – 9.9 141 1.06 (0.58 – 1.95) 0.838
10.0 – 10.9 119 1.40 (0.75 – 2.60) 0.295
11.0 – 13.05 152 1.00 --- ---
> 13.0 19 2.61 (0.84 – 8.12) 0.097

Third-trimester3

< 8.0 20 0.93 (0.28 – 3.12) 0.907
8.0 – 9.9 124 1.13 (0.63 – 2.04) 0.677
10.0 – 10.9 74 0.93 (0.45 – 1.93) 0.855
11.0 – 13.05 203 1.00 --- ---
> 13.0 30 1.47 (0.56 – 3.83) 0.430

AOR – Adjusted odds ratio; CI – Confidence interval; LBW – Low birthweight.
1 Adjusted odds ratio (AOR), 95% confidence intervals (CI) and P-values obtained from
multiple logistic regression model, adjusted for maternal age, parity, height, mid-upper
arm circumference (MUAC), night vision threshold test (NVTT) score and gestational
age at delivery.
2 ≤ 26 wks.
3 > 26 wks.
4 WHO classification of anemia.
5 Reference category.
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Figure 1 Inversed U-shaped relationship between hemoglobin and birth weight.
Birthweight decreases at low and high levels of hemoglobin.
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Figure 2 Proportion (%) of low birth weight (LBW < 2500 g) by maternal hemoglobin
(Hb) level stratified by gestational age at blood sampling.



142

CHAPTER 6

CONCLUSION AND RECOMMENDATIONS

This study identified risk factors that put rural Nepali pregnant women at risk for severe

anemia and iron deficiency with or without anemia, and those at risk for adverse

pregnancy outcomes, namely low birth weight (LBW) and premature delivery. This

work also extended the knowledge of the impact of vitamin A on hemoglobin (Hb) and

soluble transferrin receptor (sTfR) and the association of Hb with LBW.

After extensive research of the literature, we found that there are few studies published

on the prevalence of severe anemia and its etiologies in Nepal (53, 156, 185). A case of

severe anemia could be due to multiple factors. However, researchers in the field tend to

attach a single diagnosis to anemia and that is iron deficiency. Iron deficiency does not

occur in isolation. It is often correlated with lifestyle factors that contribute to anemia and

adverse pregnancy outcomes such as poor diet, lack of antenatal care (ANC), poor

sanitation, and lack of education (25); therefore, intervention program strategies have to

go beyond a single approach, which currently has iron supplementation as the

cornerstone. Unless all of the contributing factors are addressed in intervention programs,

the risks of anemia and adverse birth outcomes may remain high.
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OVERALL CONCLUSION

The prevalence of severe anemia (Hb < 8.0 g/dl) in this population of rural Nepali

pregnant women (n = 3531) living in the southeastern terai was 4.2% and that of iron

deficiency (sTfR > 8.5 mg/L) was 31%. In addition, 32% had marginal vitamin A status

(retinol < 1.05 µmol/L) and 13.5% had vitamin A deficiency (VAD) (retinol < 0.7

µmol/L). These rates indicated that iron and vitamin A deficiencies are significant public

health problems in this area of Nepal.

The results from multivariate and multinomial logistic regression analyses indicated that

the risk factors for severe anemia are multifactorial and that there are several potential

easily identifiable nutritional and non-nutritional risk factors that could differ among non-

iron-deficient anemic, iron deficient non-anemic, and iron-deficient anemic pregnant

women in rural Nepal. This analysis provides information that will allow prevention

programs to target the multiple underlying causes of anemia and distribute treatment,

often in short supply, to pregnant women at most risk. Major predictors included

hookworm infestation, impaired dark adaptation, lack of iron supplement intake, a diet

low in heme iron and malnutrition manifested by thinness and short stature.

At the outset of our study, it was suspected that vitamin A was partly responsible for the

widespread occurrence of iron deficiency anemia (IDA) in this population for the

following reasons: 1) coexistence of iron and vitamin A deficiencies in the same
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population; 2) a significant positive correlation between Hb and retinol concentrations

(Pearson r = 0.212, P < 0.0001); 3) one fourth of our anemic subjects were also vitamin

A deficient; and 4) impaired dark adaptation, an indicator of poor vitamin A status, was

one of the major predictors of severe anemia and iron deficiency, with and without

anemia. We hypothesized that vitamin A supplementation, advocated by the Nepali

Ministry of Health (MOH), in an effort to improve vitamin A status and eradicate night

blindness, could also positively influence anemia and iron status. Therefore, we examined

the effect of supplementation with vitamin A and iron alone or combined in pregnant

women (n = 498), as it occurs in the health care system in rural Nepal, on Hb and sTfR

concentrations. There was no evidence that vitamin A alone significantly increased Hb

and decreased the prevalence of anemia. However, vitamin A had an added beneficial

effect, when given together with iron, on Hb but not sTfR. Women with initially

compromised Hb and sTfR benefited more from iron and vitamin A supplementation,

which shows the importance of identifying how interventions can have differential affects

among subgroups within a larger population. Women who are most deficient will have

the greatest response to general interventions. Also, correcting VAD with supplemental

vitamin A was important to get the greatest improvement in Hb from iron supplements.

Based on findings from other studies (48, 57, 66, 73, 75, 82, 83, 85, 175, 191), one can

easily conclude that vitamin A plays an important role in iron metabolism. In light of

results of the present study, I believe that the addition of vitamin A to iron

supplementation during pregnancy could help reduce the prevalence of IDA among

pregnant women.
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In most rural areas in Nepal, pregnant women have limited access to ANC (186)

contributing to the high prevalence of adverse birth outcomes. In the present study (n =

915), neonatal mortality rate (7 per 1000 live births) was much lower as compared the

national average (40 per 1000 live births) (192). The prevalence of LBW and preterm

delivery was 22% and 20%, respectively. However, we would have expected a greater

difference between LBW and prematurity rates due to intrauterine growth retardation.

This could be due to several reasons. Knowing the national rate is 21% (192), the

prevalence of LBW in our study (as well as neonatal mortality) was lower than expected

due to the increased care and support that the women received from the study health staff

including vitamin A and iron supplementation, instructions on hygienic practices during

delivery and a heightened awareness of importance of nutrition given a nutritional

research study was being conducted. Another reason could possibly be an inaccurate

estimation of the prevalence of premature birth due to error in calculating gestational age.

Multivariate logistic regression analysis supported the fact that there are multiple factors

that predict LBW. There was an increased risk associated with short stature, thinness and

impaired dark adaptation, which are all factors related to maternal health and nutritional

status.

The association between Hb measured during the second trimester and risk of LBW had a

U-shaped distribution. Maternal severe anemia diagnosed in the second trimester was

associated with LBW, while anemia diagnosed during the third trimester was not. I
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presumed that this lack of association during the third trimester is due to blood volume

expansion that occurs during pregnancy leading to dilutional anemia that is difficult to

differentiate from true anemia. Failure of the plasma volume to expand adequately can

lead to abnormally high Hb. Hb > 13 g/dl appeared to be associated with greater risk of

LBW. Therefore, high Hb during pregnancy should be regarded as a signal for possible

pregnancy complications.

STUDY RECOMMENDATIONS

Nepal has an Anemia Control Program that focuses on the distribution of iron tablets (60

mg/d) to anemic pregnant women through heath facilities (12). In addition, Female

Community Health Volunteers (FCHVs) are to distribute iron supplements to all pregnant

women and link it with deworming tablets. Night blind pregnant women also receive a

low-dose vitamin A treatment (25,000 IU/week for 4 weeks) after the first trimester of

pregnancy.

Based on data from the present study, I support the programs advocated by the Nepali

MOH and recommend the following:

• Continuation of routine iron supplementation to all pregnant women and not only

those who are anemic.
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• As the prevalence of impaired dark adaptation and inadequate vitamin A status

were high, routine supplementation of low-dose vitamin A during pregnancy

should be considered.

• Expand prevention and treatment of helminths infections to women of

childbearing age in addition to those who are pregnant through sanitation control

programs and anti-helminthic therapy should be advocated before and during

pregnancy.

RECOMMENDATIONS FOR FUTURE RESEARCH

Nepal has made extensive efforts at reducing anemia and night blindness in pregnant

women; unfortunately, the prevalence of anemia and VAD remains unacceptably high

(12) and was also so within our study population. It is possible that the program was not

reaching targeted women, that compliance was low, the level of supplementation was not

sufficient due to various factors such as the intake of inhibitors of iron absorption, or that

more interventions were needed to be implemented to correct the true risk factor. I

recommend the following for future study:

• Implement surveillance activities to develop programs to increase coverage and

compliance of iron supplementation. This would be accomplished by first

understanding the factors that contribute to low coverage of iron supplementation

program in rural Nepal.
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• Explore ways to reach women of reproductive age with iron tablets and link

distribution of iron to other interventions that include deworming tablets,

sanitation awareness, education about causes and prevention of anemia.

• Promote interventions to prevent severe anemia from occurring in the second

trimester of pregnancy as a way to decrease risk of LBW.

• Iron deficiency anemia could be the outcome of a poor diet, which also supplies

inadequate amount of other nutrients important to fetal development. Therefore,

improving the overall diet of women of childbearing age is an important approach

to prevent adverse pregnancy outcomes.

• Better understanding the associations and patterns behind anemia in pregnant

women and adverse birth outcomes so we can learn the most promising

interventions and identify areas for further research into their prevention.

• Conducting this research in different areas of Nepal, and not only in the terai, will

allow us to properly generalize results to all Nepali pregnant women and

therefore, permit the Nepali MOH to generate one national policy for the

treatment and prevention of anemia and adverse pregnancy outcomes.

The Nepali Technical Assistance Group

I was fortunate to work with the Nepali Technical Assistance Group (NTAG), a Nepali

non-governmental organization, as they were the primary partners to conduct this project.
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NTAG, jointly with the Nepali MOH and Helen Keller International, initiated the

National Vitamin A Program to establish biannual supplementation, in April and

October, with high-dosage vitamin A capsules to children aged 6 – 60 months. The

program has been extremely successful; it has managed to reach more than 3.2 million

children in the year 2005 – 2006.

Lessons learned

The success of the program is largely the result of the hard work and commitment of the

village-based FCHVs. There are several important lessons to be learned from the

National Vitamin A Program that could be applied to interventions aimed at addressing

anemia and adverse birth outcomes. The success of the National Vitamin A Program was

driven by the following elements:

• trust through scientific evidence and testimonials

• commitment generated at many levels – government, donor agencies,

community FCHVs, etc.

• mobilizing communities including district-level officials, school teachers and

other key functionaries

• sustained motivation among FCHVs through recognition



150

Providing low-dose supplements to women during ANC visits is useful but not enough;

other delivery channels must be explored. Taking into consideration the low utilization of

antenatal services at health facilities and the malfunctioning of clinics in Nepal (186), the

intensification of anemia control should be carried on at the community level through the

community FCHVs. Rather than implementing programs by changing or adjusting the

system already in place, it may be more effective to use the existing system with the

above elements to support the multiple interventions and antenatal services for the

treatment of anemia and prevention of adverse birth outcomes listed above. This

approach is likely to reach a high proportion of at-risk women.

The sustainability of intervention programs depends heavily on the involvement of the

community and donor support. The best way forward is to increase the capacity of

individuals and communities to address their own health needs and not rely entirely on

their government and health system. Avenues other than supplementation should be

explored including fortification of staple foods, improving farming methods and crops, or

even decreasing extreme poverty. In addition, building a case for an immediate need for

these interventions through scientific research, especially in terms of averting adverse

birth outcomes, will hopefully lead international organizations to a commitment to

expand and sustain these programs.
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As a final note, I would like to shed some light on issues and observations that I found

troubling all through this research and especially during my trips to Nepal. The high level

of poverty, disease, lack of hygiene, and unawareness of basic health-related issues, are

coupled by an extreme shortage in much-needed resources, equipment and workforce.

What is more alarming is that not many seem to have the clear picture of how devastating

the situation is. It is very painful to get exposed to such suffering in one part of the world,

and such indifference in much of the other.

While some effort is being exercised to improve the situation, and that is certainly to be

acknowledged, my concern is that this effort would be lost or inefficient if not joined and

strengthened by everyone who could offer help. The situation in many places like Nepal

is so desperate and the reasons so complex, that a comprehensive plan of action should be

taken. That plan should involve scientific communities, humanitarian aids, social

organizations, developmental economics and other groups that, together, can make a

difference.
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APPENDIX A

LIST OF ABBREVIATIONS

A. lumbricoides Ascaris lumbricoides
AGP α1-acid glycoprotein
ANC Antenatal care
AOR Adjusted odds ratio
CI Confidence interval
CRH Corticotropin-releasing hormone
CRP C-reactive protein
CV Coefficient of variation
DBS Dried blood spot
epg Eggs per gram
EPO Erythropoietin
FCHV Female Community Health Volunteers
Hb Hemoglobin
IDA Iron deficiency anemia
IU International Units
IUGR Intrauterine growth retardation
LBW Low birth weight
LMP Last menstrual period
MOH Ministry of Health
MUAC Mid-upper arm circumference
NTAG Nepali Technical Assistance Group
NVTT Night vision threshold test
OR Odds ratio
RBP Retinol binding protein
RE Retinol Equivalent
RRR Relative risk ratio
SD Standard deviation
SE Standard error
sTFR Soluble transferrin receptor
T. trichiura Trichuris trichiura
TBA Traditional birth attendant
TF Transferrin
UNICEF The United Nation Children’s Fund
VAD Vitamin A deficiency
VDC Village Development Community
WHO World Health Organization
χ2 Chi-squared



153

APPENDIX B

STUDY QUESTIONNAIRES

Form 1
Initial Intake and Monitoring

District: DIST

Clinic #: CLINIC

VDC: VDC

Ward: WARD

Health Facility: HFNAME

Subject Name: SOBNAME

ID # SOBID

Permission granted to participate in study: 1. Yes 2. No CONSENT

Date of birth: DOB

(day/month/year)

Today’s Date: DATE

(day/month/year)

Age: years AGE

Contact Information:

Ward: SUBWARD

Name of village: SUBVILLA

Head of household: SUBHOD

Eye problems during previous pregnancy? 1. Yes 2. No PEYEPROB

Poor eye sight at night? 1. Yes 2. No XNPROB

Poor eye sight during the day? 1. Yes 2. No DAYSEE
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Night blindness in previous pregnancy? 1. Yes 2. No PREVXN

Eye injury? 1. Yes 2. No EYEPROB

Scheduled Appointment Date for Follow up NVTT: APPNEXT

Interviewer Name: INTNAME

Interviewer ID#: INTID

Home visits needed? 1. Yes 2. No HOMEVISIT

When made and by whom?
Date

(day/month/year)
Person Reason

(HWDATE1) (HWNAME1) (REASON1)
(HWDATE2) (HWNAME2) (REASON2)
(HWDATE3) (HWNAME3) (REASON3)
(HWDATE4) (HWNAME4) (REASON4)
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Form 2
Demographic Information

1. Marital Status: MARITAL

1. Married 2. Separated 3. Widowed

2. Formal Education: FORMED

1. None
2. Incomplete Primary
3. Complete Primary
4. Incomplete Secondary
5. Complete Secondary
6. Beyond Secondary

3. Do you know how to read/write? 1. Yes 2. No INFORMED

4. ADULTSNumber of Adults in Household (18 years
and older):

How many are women? FEMALE

How many are men? MALE

5. CHILRENNumber of Children in the Household (less
than 18 years old):

How many are boys? BOYS

How many are girls? GIRLS

1. Yes 2. No HHPREGIs there anyone else who is pregnant in your
household?

If yes, who? WHOPREG1

6. Religion: RELIGION

1. Hindu
2. Buddhist
3. Muslim
4. Other

7. Head of Household (Husband)
Occupation:

HHJOB
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1. Government
2. Agriculture
3. Labor
4. Immigrant
5. Business
6. Others

8. Do you ever work for wages? 1. Yes 2. No WAGES

If yes, what type of work do
you do?

TYPEWORK

1. Government
2. Agriculture
3. Labor
4. Business
5. Others

HRSWORKHow many hours a day do you
work?
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Form 3
Obstetrical History

District DIST

Clinic # CLINIC

Subject ID #: SOBID

Interview Date: INTDATE

(day/month/year)

1. NPREGHow many of times have you been pregnant
(including current pregnancy):

2. Number of miscarriages: NMISCAR

3. Number of live births: LBIRTHS

Child age and gender:

Gender Current
age (yrs)

Gender Current
age (yrs)

(CLSEX1) (CLAGE1) (CLSEX6) (CLAGE6)

(CLSEX2) (CLAGE2) (CLSEX7) (CLAGE7)

(CLSEX3) (CLAGE3) (CLSEX8) (CLAGE8)

(CLSEX4) (CLAGE4) (CLSEX9) (CLAGE9)

(CLSEX5) (CLAGE5) (CLSEX10) (CLAGE10)

4. Number of infant deaths (less than 1 year old): INITANDIE

5. Number of child deaths : CHILDDIE

Child age and causes of all deaths:
Gender Age (yrs) Cause ** Gender Age (yrs) Cause **

(CDSEX1) (CDAGE1) CDEATH1 (CDSEX6) (CDAGE6) CDEATH6

(CDSEX2) (CDAGE2) CDEATH2 (CDSEX7) (CDAGE7) CDEATH7

(CDSEX3) (CDAGE3) CDEATH3 (CDSEX8) (CDAGE8) CDEATH8

(CDSEX4) (CDAGE4) CDEATH4 (CDSEX9) (CDAGE9) CDEATH9
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(CDSEX5) (CDAGE5) CDEATH5 (CDSEX10) (CDAGE10) CDEATH10

**
1 = Pneumonia; 2 = Jaundice; 3 = Diarrhea;
4 = Tetanus; 5 = Other (specify)
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1. If you have a baby less than 1 year old, did you have more
bleeding/hemorrhage during its delivery compared to your other
children?

BLEDPREG

1. Yes 2. No

2. Are you breastfeeding your youngest baby? 1. Yes 2. No BFBABY
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Form 4
Current Health of Mother #1

Height

a. Hgt1: . cm HGT1

b. Hgt2: . cm HGT2

c. Hgt3: . cm HGT3

Weight

a. Wgt1: . kg WGT1

b. Wgt2: . kg WGT2

c. Wgt3: . kg WGT3

MUAC

a. MUAC1: . cm MUAC1

b. MUAC2: . cm MUAC2

c. MUAC3: . cm MUAC3

2. Most recent illness during
current pregnancy:

ILLNESS

How long ago? ILLMONTH

1. Week 2. Month ILLTIME

3. Respiratory illness in the past four weeks? 1. Yes 2. No ARIWEEK

Number of respiratory illness’ the past four weeks: NARI

4. Diarrheal illness in the past four weeks? 1. Yes 2. No DIARWK

Number of diarrheal illness’ in the past four weeks: NDIAWK

5. Fever in last 4 weeks? 1. Yes 2. No PFEVER

If yes, how many times you had fever in the past
four weeks?

LPFEVER

If yes, how many times you had high fever in the
past four weeks?

TPFEVER

Currently ill with fever? 1. Yes 2. No CFEVER
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6. History of measles? 1. Yes 2. No MEASLES

7. Last menstrual period: LMP

(day/month/year)

8. Expected date of delivery: EDP

(day/month/year)

9. Estimated gestation in days
(interview date – lmp date): days GESTDAY

10. Estimated gestation in weeks: weeks GESTWK
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Form 4
Current Health of Mother #2

11.

a. 1. Yes 2. No DAYSEE2Do you normally have any difficulties
seeing during the day?

b. 1. Yes 2. No XNSTATUSDo you have night blindness?

c. Night blindness in previous pregnancy? 1. Yes 2. No XNBEFORE

d. Night blindness past 3 years? 1. Yes 2. No XN3YRS

If yes, how many times? XNTIMES

If yes, did you receive treatment for
night blindness?

1. Yes 2. No
XNPASTRX

12. ANCVISITNumber of ANC checkups during your
current pregnancy?
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Form 4
Current Health of Mother #3

13. Are you currently taking iron tablets? 1. Yes 2. No FEINTAKE
(continue) (go to # 14)

a. How many consumed? FEDOSE

Number of times consumed per
day?

FEFREQ

b. FETIME1Number of days consuming iron
tablets?

c. FETIMENumber of months consuming
iron tablets?

d. How do you take these pills?

Before meals? 1. Yes 2. No FEBMEAL

During meals? 1. Yes 2. No FEDMEAL

After meals? 1. Yes 2. No FEAMEAL

e. How do the pills make you feel? FEFEEL

1. Better 2. Worse 3. No difference

1. Yes 2. No FESTOPIf worse/no difference, did you
stop taking the pills?

f. Where did you get these pills? FEWHERE

1. Health facilities
2. Pharmacy
3. FCHV
4. Others

14. Have you ever heard of anemia? 1. Yes 2. No ANEMIA

a. What do you think causes this problem? ANCAUSE
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b. How can you treat this problem? ANTREAT

15. 1. Yes 2. No TONICAre you currently taking a
multivitamin tonic (energy bottle)? (continue) (go to # 16)

a Dosage? TONDOSE

Number of times consumed per
day?

TONFREQ

b TONICUSENumber of days consuming
tonic?

c How do you take this tonic?

Before meals? 1. Yes 2. No TONICB
During meals? 1. Yes 2. No TONICD
After meals? 1. Yes 2. No TONICA

d How does the tonic make you
feel?

TONFEEL

1. Better 2. Worse 3. No difference

1. Yes 2. No TONSTOPIf worse/no difference, did you
stop taking the tonic?

e. Where did you get this tonic? TONWHERE

1. Health facilities
2. Pharmacy
3. FCHV
4. Others

f. Type of tonic? TONTYPE

16. In the past 6 months, have you ever been treated for:

a. Worms 1. Yes 2. No WORMS

b. Malaria 1. Yes 2. No MALARIA
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Form 5
Dietary Questionnaire #1

District DIST

Clinic # CLINIC

Subject ID #: SOBID

1. 1. Yes 2. No GOODFOODAre there special foods that are good to
eat during pregnancy?

If YES…

a. Which foods? FOODTYPE

b. Why are these foods good for pregnancy? WHYGOOD

2. 1. Yes 2. No BADFOODAre there foods that are bad to eat during
pregnancy?

If YES…

a. Which foods? BADTYPE

b. Why are these foods bad for pregnancy? WHYBAD

I. Iron Dietary Information

3. Do you drink tea? 1. Yes 2. No DRNKTEA

If yes, when?

Before meals? 1. Yes 2. No TEAB

During meals? 1. Yes 2. No TEAD

≤1 hour after meals? 1. Yes 2. No TEALT1HR

>1 hour after meals? 1. Yes 2. No TEAGT1HR

4. Do you drink tea with your iron pills? 1. Yes 2. No FETEA
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5. 1. Yes 2. No VITCFOODDo you eat citrus fruits or juices such as
oranges, pineapple, gooseberry, and
guava?

If yes, when?

With meals? 1. Yes 2. No VITCMEAL

As a snack separate from meals? 1. Yes 2. No VITCSNCK

6. 1. Yes 2. No FEVIACDo you eat citrus fruits or juices with
your iron pills?

7. Do you use an iron pot to cook? FEPOT

1. Yes 2. No
3. Sometimes 4. Not sure
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Form 5
Dietary Questionnaire #2

How often do you eat the following foods?

* Units used for consumption:
1 = Small spoon
2 = Medium spoon
3 = Big spoon
4 = Small piece
5 = Big piece
6 = Glass
7 = Plate

Foods
Times

Eaten per
Week

Amount
Eaten per
Serving

Serving Unit* Foods
Times

Eaten per
Week

Amount
Eaten per
Serving

Serving Unit*

Meat MEATW MEATA MEATU Turnip TURNW TURNA TURNU
Poultry POULW POULA POULU Green peas GPEASW GPEASA GPEASU
Fish FISHW FISHA FISHU Green chilies GCHILW GCHILA GCHILU
Orange ORANGW ORANGA ORANGU Cucumber CUCUMW CUCUMA CUCUMU
Pineapple PINEAPW PINEAPA PINEAPU Wheat bran WBRANW WBRANA WBRANU
Guava GUAVAW GUAVAA GUAVAU Oat OATW OATA OATU
Alcohol ALCOHW ALCOHA ALCOHU Tea TEAW TEAA TEAU
Banana BANANW BANANA BANANU Nuts NUTSW NUTSA NUTSU
Pulses PULSESW PULSESA PULSESU Melon MELONW MELONA MELONU
Yogurt YOGURW YOGURA YOGURU Carrots CAROTW CAROTA CAROTU
Soy SOYW SOYA SOYU Potato POTATW POTATA POTATU
Maize MAIZEW MAIZEA MAIZEU Beet root BEETSW BEETSA BEETSU
Rice RICEW RICEA RICEU Pumpkin PUMPKW PUMPKA PUMPKU
Eggs EGGSW EGGSA EGGSU Broccoli BROCCW BROCCA BROCCU
Green leaves GLEAFW GLEAFA GLEAFU Cauliflower CAULIW CAULIA CAULIU
Millet MILLEW MILLEA MILLEU Citrus CITRUSW CITRUSA CITRUSU
Liver LIVERW LIVERA LIVERU Cabbage CABBAW CABBAA CABBAU
Lentils LENTW LENTA LENTU
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Form 5
Dietary Questionnaire #3

How often do you eat the following foods?

* Units used for consumption:
1 = Small spoon
2 = Medium spoon
3 = Big spoon
4 = Small piece
5 = Big piece
6 = Glass
7 = Plate

Foods
Times

Eaten per
Week

Amount
Eaten per
Serving

Serving Unit*

Green Vegetables GVEGW GVEGA GVEGU
Yellow Fruits YFRUITW YFRUITA YFRUITU
Pumpkin PUMPK2W PUMPK2A PUMPK2U
Milk / Milk Product MILKW MILKA MILKU
Liver LIVER2W LIVER2A LIVER2U
Fish (Small) SFISHW SFISHA SFISHU
Fish (Big) BFISHW BFISHA BFISHU
Egg EGG2W EGG2A EGG2U
Red meat (Buffalo Goat) RMEATW RMEATA RMEATU
White meat (Chicken , Pork) WMEATW WMEATA WMEATU
Other OTHERW OTHERA OTHERU
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Form 6
Tobacco and Alcohol Exposure

District DIST

Clinic # CLINIC

Subject ID # SOBID

SECTION I

1. Have you ever smoked? EVERSMOKE

1. Yes, currently
smoke
(go to #2)

2. Yes, but stopped during
pregnancy (go to #4)

3. Sometimes
(go to #2)

4. No, never
(go to #5))

2. Form of tobacco smoked (if more than 1, list in order from most
(1) to least (2, 3, 4, 5, 6 or 0 = not used)

Smoke Type Order must use
1 Bidi BIDI

2 Non-filter cigarette NFCIG

3 Filter cigarette FCIG

4 Hukka HUKKA

a. # of years tobacco products used: SMKWHEN

b. Number of sticks used per day STICKS

c. Last cigarette smoked: LASTCIG

1. Today 2. Yesterday
3. 3-5 days ago 4. > 5 days ago

d. years SMOKAGE1Age when smoked a whole cigarette
for the first time:

e. 1. Yes 2. No SMOKQUITHave you ever tried to quit
smoking?

1. Yes 2. No QUITHELPHas anyone ever helped you try
to stop smoking?

How have you tried to stop smoking? With the help of:

Herbs? 1. Yes 2. No QUITHERB
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Friends? 1. Yes 2. No QUITFRND

Why do you smoke? WHYSMOKE

4. (Ask only if used to smoke but stopped during pregnancy)

a. Why did you stop smoking when you became pregnant? QUITPRG

b. 1. Yes 2. No SMKBABYWill you smoke again after
delivery?

c. years SMKAGE2Age when smoked a whole cigarette
for the first time:

d. 1. Yes 2. No PSMKQUITHave you ever tried to quit
smoking before becoming
pregnant?

If yes, did you receive any help? 1. Yes 2. No PSMKHELP

e. Why do you smoke? PSMKWHY

5. (Ask only if never smoke)

a. Reasons for not smoking: YNOTSMOKE

SECTION II

1. Have you ever chewed tobacco? EVERCHEW
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2. Yes, currently chew
(go to #2)

2. Yes, but stopped during pregnancy
(go to #4)

3. Sometimes
(go to SECTION III)

5. No, never
(go to SECTION III)

2. Form of tobacco chewed

SN Smoke Type
1 Surti SURTI

2 Khaini KHAINI
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3.

a. # of years tobacco products used: CHEWWHEN

b. Number of times used per day: CHEWFREQ

c. Last cigarette smoked: LASTCHEW

1. Today 2. Yesterday
3. 3-5 days ago 4. > 5 days ago

d. Age when you first used it: years AGECHEW

e. 1. Yes 2. No QUITCHEWHave you ever tried to quit
using it?

1. Yes 2. No CHEWHELPHas anyone ever helped you try
to quit?

How have you tried to quit chewing? With the help of:

Herbs? 1. Yes 2. No HERBCH

Friends? 1. Yes 2. No FRIENDCH

Why do you use it? WHYCHEW

4. (Ask only if used to chew but stopped during pregnancy)

a. Why did you stop using khaini or surti when you became
pregnant?

SURTSTOP

b. 1. Yes 2. No SURTBABYWill you use it again after
delivery?

c. Age when first used it for the first years SURTAGE
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time:

d. 1. Yes 2. No SURTQUITHave you ever tried to quit
using it before becoming
pregnant?

If yes, did you receive any help? 1. Yes 2. No SURTHELP

e Why do you chew surti or khaini? WHYSURTI

SECTION III

5. 1. Yes 2. No HHTOBACODoes anyone else use tobacco in your
household?

a. How many people in your household
smoke?

HHSMOKE

b. How many times do they use
tobacco in one day:

HHTOFREQ

c. When did they smoke their last cigarette? HHLASTTO

1. Today 2. Yesterday 3. 3-5 days ago

d. 1. Yes 2. No PASSIVTODo they usually smoke when
you are present in the same
room?

e. 1. Yes 2. No HHAVOIDDo you avoid being present next
to someone smoking?

6. Does smoking during pregnancy:

a. Make delivery easier? 1. Yes 2. No SMKEASY

b. Make baby small? 1. Yes 2. No SMKSMALL

c. Change gender of baby? 1. Yes 2. No SMKGEDR

d. Make baby healthier? 1. Yes 2. No SMKHEALT

e. Make baby less healthy? 1. Yes 2. No SMKUNHEA
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f. Other: SMKOTH

Reasons: BABHEALT

7. 1. Yes 2. No SMOKBFWill you smoke when breastfeeding
your baby?

8. Does smoking during breastfeeding:

a. 1. Yes 2. No SMKINCBFIncrease milk quality and
quantity

1. Yes 2. Nob. Decrease milk quality and
quantity

SMKDECBF

c. Make baby healthier 1. Yes 2. No SMKQUABF

d. Make baby less healthy 1. Yes 2. No SMKUWELL

f. Other: 1. Yes 2. No SMKBOTH

9. If you do not or will not smoke during breastfeeding, what
are your reasons?

YNOTSMOKEBF

10. Do you currently drink alcohol: 1. Yes 2. No (go
to #f)

DRINALC

a. Form of alcohol used:

i. Prepare at home 1. Yes 2. No ALCHOME

ii. Buy from store 1. Yes 2. No ALCBUY

b. # of years alcohol used: WHENALC

c. ALCHOWKNumber of drinks per week
before pregnancy:
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d. ALCOPREGNumber of drinks during
pregnancy:

e. ALCHOAGEAge when you first tried
alcohol:

f. Reasons for not drinking alcohol: YNOTDRINK

11.

1. Where did you cook yesterday? COOKAREA

1. Inside the house 2. Just Outside the house
3. Outside the house

2. COOKFREQHow many times did you cook
yesterday?

a. FUELTYPEWhat type of fuel did you
use for cooking?

1. Wood
2. Cow dung
3. Kerosene
4. Gas
5. Hay and dung

FUELTYPE1??

3. 1. Yes 2. No OTHERFIRDid you have any other fires
yesterday?

a. Where was the fire? WHEREFIR

1. Inside the house 2. Just Outside the house
3. Outside the house

b. What did you burn to make
the fire?

BURNFIRE

1. Wood
2. Cow dung
3. Kerosene
4. Gas
5. Hay and dung



176

Form 7
Night Vision Threshold Test Result #1

District DIST

Clinic # CLINIC

Subject ID # SOBID

Date of NVTT: ________________ NVTTDAY1
(day/month/year)

Observer Name: OBSNVTT1

Observer ID#: NVTTID

Dimmest Light Level Seen: NVTT1

Participant dark adapted for 10 minutes: 1. Yes 2. No ADAPT1

Estimated time for adaptation: minutes ESTADAPT

Comments: NVTTCOM1

Behavior Circle

Participant understands 1. Yes 2. No UNDERST1

Participant attentive 1. Yes 2. No ATTENT1

Participant cooperative 1. Yes 2. No HELP1

Participant scared 1. Yes 2. No SCARED1

Participant sleepy 1. Yes 2. No SLEEPY1
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Form 8
Biological Samples and Results

Technician Name: TECHNAM1

Technician ID#: TECHID1

Date of sample taken: ______________________ SAMPDATE
(day/month/year)

1. Urine Sample Collected: 1. Yes 2. No URINE

a. Cotinine Score: COTININE

2. Blood sample collected: 1. Yes 2. No BLOOD1

a. Hemoglobin value: . HBG1

1. Yes 2. No FEHB1If hemoglobin is less than 11
g/dl, were iron supplements
given?

b. NOSPOTINumber of spots on Filter Paper
#1 (Craft Technologies)

1. Yes 2. No SCHECK1Blood spots checked for quality
and correct label:

Blood spots dried and stored: 1. Yes 2. No SPOTDRY1

BOXSHIP1Box Number for storage and
shipping:

c. NOSPOT2Number of spots on Filter Paper
#2 (Juergen Erhardt)

1. Yes 2. No SCHECK2Blood spots checked for quality
and correct label:

Blood spots dried and stored: 1. Yes 2. No SPOTDRY2

BOXSHIP2Box Number for storage and
shipping:
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3. Stool Sample Collected: 1. Yes 2. No STOOL

Stool Sample Analyzed: 1. Yes 2. No STOOLTST

Hookworm present? 1. Yes 2. No HOOKWORM

Egg count: HOOKCOUNT

Ascaris present? 1. Yes 2. No ASCARIS

Egg count: ASCCOUNT

Trichiura present? 1. Yes 2. No TRICH

Egg count: TTCOUNT
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Form 9a
Vitamin A Supplement Chart – Clinic-Based

To be asked on weekly basis (Week 1-4)

District DIST

Clinic # CLINIC

Subject ID # SOBID

1. Yes
2. No

Still reports having night
blindness: 1. Yes 2. No

Dose 1 given in clinic (DOSE1D) (XNPRES1)

Dose 2 given in clinic (DOSE2D) (XNPRES2)

Dose 3 given in clinic (DOSE3D) (XNPRES3)

Dose 4 given in clinic (DOSE4D) (XNPRES4)

1. Reason for not returning:

Travel difficult to clinic? 1. Yes 2. No NOTAKE0

Night blindness went away? 1. Yes 2. No NOTAKE1

Delivered? 1. Yes 2. No NOTAKE2

Forgot? 1. Yes 2. No NOTAKE3

Was not told? 1. Yes 2. No NOTAKE4

Left village? 1. Yes 2. No NOTAKE5

Other? 1. Yes 2. No NOTAKE6

2. Did you have any problems taking the
capsules?

1. Yes 2. No VITPROB

Bad flavor? 1. Yes 2. No VITPROB1

Capsule went bad? 1. Yes 2. No VITPROB2

Difficult to swallow? 1. Yes 2. No VITPROB3

Other? 1. Yes 2. No VITPROB4

3. 1. Yes 2. No TOOKFEDid you take iron supplements during
the past month?

NFETABSHow many tablets did you take during
the past month?
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Form 9b
Vitamin A Supplement Chart – Home-Based

District DIST

Clinic # CLINIC

Subject ID #: SOBID

Dose 1 given in clinic? 1. Yes 2. No HDOSE1

Date of 1st dose: HOMEDAT1

(dd/mm/yy)

1. Yes 2. No HOMEINSTSubject given instructions on how to take
next three doses at home:

Three doses given to take home: 1. Yes 2. No GAV3TABS

At follow up (week 5):
1. Yes
2. No

Date of dose

Dose 2: HOMEDAT2
Reports taking dose 2? (HDOSE2)

(day/month/year)

Dose 3: HOMEDAT3
Reports taking dose 3? (HDOSE3)

(day/month/year)
Dose 4: HOMEDAT4

Reports taking dose 4? (HDOSE4)
(day/month/year)

1. Reason for not taking capsules:

Night blindness went away? 1. Yes 2. No HNOTAKE1

Delivered? 1. Yes 2. No HNOTAKE2

Forgot? 1. Yes 2. No HNOTAKE3

Was not told? 1. Yes 2. No HNOTAKE4

Lost capsule? 1. Yes 2. No HNOTAKE5

Left village? 1. Yes 2. No HNOTAKE6

Other? 1. Yes 2. No HNOTAKE7

2. Did you have any problems taking the capsules? HVITPROB

Bad flavor? 1. Yes 2. No HVITPROB1

Capsule went bad? 1. Yes 2. No HVITPROB2

Difficult to swallow? 1. Yes 2. No HVITPROB3

Other? 1. Yes 2. No HVITPROB4
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3. 1. Yes 2. No HTOOKFEDid you take iron supplements during
the past month?

How many tablets did you take during
the past month?

HNFETABS
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Form 10
Matching Form for Controls

(Place in files of “control” subjects)

District DIST

Clinic # CLINIC

Subject’s ID#: SOBID

Control ID #: CONTRID

Matched Case ID #: CASEID
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Form 11
Reported Night Blindness Follow-up Form

Week 5

District DIST

Clinic # CLINIC

Subject’s ID#: SOBID

Interviewer’s name: INTVNAM2

Interviewer’s ID #: INTVID2

Today’s Date: _______________________ (Date of week 5) DATEW5
(day/month/year)

1. Yes 2. No WK5XNDo you have night blindness?
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Form 12
Night Vision Threshold Test Result #2

Observer Name: NVTTOBS2

Observer ID#: NVTTID2

Date of NVTT: ________________ NVTTDAY2
(day/month/year)

Dimmest Light Level Seen: NVTT2

Participant dark adapted for 10 minutes: 1. Yes 2. No ADAPT2

Estimated time for adaptation: minutes ESTADAP2

Comments: NVTTCOM2

Behavior Circle

Participant understands 1. Yes 2. No UNDERST2

Participant attentive 1. Yes 2. No ATTENT2

Participant cooperative 1. Yes 2. No HELP2

Participant scared 1. Yes 2. No SCARED2

Participant sleepy 1. Yes 2. No SLEEPY2
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Form 13
Follow-Up Laboratory Tests

Technician Name: TECHNAM2

Technician ID#: TECHID2

Date of sample taken: ______________________ SAMPDAT2
(day/month/year)

1. Blood sample collected: 1. Yes 2. No BSAMPLE2

a. Hemoglobin value: . HGB2

1. Yes 2. No FEHGB2If hemoglobin is less than 11
g/dl, were iron supplements
given?

b. NOSPOT3Number of spots on Filter Paper
#1 (Juergen)

1. Yes 2. No CHECK3Blood spots checked for quality
and correct label:

Blood spots dried and stored: 1. Yes 2. No SPOTDRY3

BOXSHIP3Box Number for storage and
shipping:



186

Form 14
Perinatal Information

(Collected as soon as 28 days post partum as possible, but not earlier)

District DIST

Clinic # CLINIC

Subject’s ID#: SOBID

Recorder’s Name: PERIOBS

Recorder’s ID#: PERIID

Birth details (within 48 hours):

BWDOB
Date of birth:

(day/month/year)

Date of birth not available 1. Yes 2. No NOBABINF

Sex of baby: 1. Male 2. Female 3. Not available BWSEX

Birthweight:

BWGTDATE
Date recorded:

(day/month/year)

Weight

a. Wgt1: . kg BRTHWT1

b. Wgt2: . kg BRTHWT2

c. Wgt3: . kg BRTHWT3

d Not available 1. Yes 2. No NBWGT

1 month weight (after 28 days):

PERIDATE
Date recorded:

(day/month/year)

Weight

a. Wgt1: . kg PERIWGT1
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b. Wgt2: . kg PERIWGT2

c. Wgt3: . kg PERIWGT3

d Not available 1. Yes 2. No NPERIWGT

Labor report from Traditional Birth Attendant available? MIDWIFE

1. Yes 2. No 3. Unknown

If yes, list details: LABOR

Baby born with any disorders? DEFECT

1. Yes 2. No 3. Unknown

If yes, list details: DEFECTIN

Miscarriage: 1. Yes 2. No 3. Unknown MISCARRY

Death of baby within 28 days of birth? INFDEATH

1. Yes 2. No 3. Unknown

Maternal death (within 28 days)? MATDEATH

1. Yes 2. No 3. Unknown
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Form 15
Reimbursement Provided and Notes

Recorder’s Name: REIMBNAM

Recorder’s ID#: REIMBID

Date recorded: ___________________ REIMBDAT
(day/month/year)

1 Reimbursement provided:: 1. Yes 2. No INCENT

Other Notes:

NOTES1

NOTES2

NOTES3

NOTES4
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APPENDIX C

HUMAN SUBJECTS APPROVAL
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