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Abstract 

Anaemia and hypertensive disorders of pregnancy (HDPs) are significant health problems in 

pregnant women, accounting for substantial morbidity and poor pregnancy outcomes.   

Evidence has shown that dietary patterns during pregnancy have an effect on anaemia and 

HDPs. However, the findings are inconsistent and inconclusive, and most studies have occurred 

in high-resource settings. Therefore, this thesis aims to assess the effect of dietary patterns on 

maternal morbidity (anaemia and HDPs) in the resource-limited setting of Ethiopia. 

This thesis generated evidence using a combination of data sources, including a review of 

global literature, a detailed secondary analysis of large population-based national data and a 

regionally-based case-control study. A combination of advanced statistical methods, including 

systematic review with meta-analysis, spatial analysis, multilevel analysis and propensity score 

analysis, were employed. The effects of dietary patterns on risks in pregnancy (HDPs, 

gestational diabetes) and birth (preterm birth and low birth weight) outcomes were assessed 

through a systematic review with meta-analysis, using literature from across the globe. The 

effect of dietary patterns on maternal morbidity (anaemia and HDPs) was assessed in the low-

resource setting of Ethiopia through a propensity score analysis and applying conditional 

logistics regression model. The spatial analysis and mixed effect multilevel models were 

applied to assess the spatial distribution and determinant factors of anaemia among women of 

reproductive age in Ethiopia.   

The results of the systematic review suggest that healthy dietary patterns (high intake of fruits, 

vegetables, wholegrain foods, fish and poultry) have a positive effect on pregnancy outcomes 

(pre-eclampsia, preterm birth, gestational diabetes). The spatial analysis results showed that 

the prevalence of anaemia among women in Ethiopia was high and that there were spatial 

disparities across the country. The results revealed that anaemia is a moderate public health 

problem among women (> 20%) at the national level and a serious public health problem (> 

40%) in five of the 11 regional states, based on World Health Organization criteria. The 

multilevel analysis demonstrated that sociodemographic factors (low educational status, low 

wealth index, rural residence and unimproved latrine facilities) and reproductive/biological 

factors (younger age, pregnancy, breastfeeding, and high gravidity) are associated with the 

occurrence of anaemia. The effect of dietary patterns on maternal morbidity (anaemia and 

HDPs) in the low-resource setting of Ethiopia was assessed through case-control studies. The 
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results indicated that having a more diversified food intake is associated with lower odds of 

anaemia and HDPs. 

Dietary intake should be included as a core component for the prevention of adverse pregnancy 

outcomes through strengthening existing antenatal care programs. The prevention of anaemia 

among women could require context-specific and multifaceted intervention approaches, such 

as improving the economic and educational status of women or improving the availability of 

clean water and toilet facilities in limited-resource settings.
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Chapter 1:  Introduction 

This chapter provides a brief overview of the relationship between dietary intake and maternal 

morbidity, particularly anaemia and hypertensive disorders of pregnancy (HDPs). This chapter 

summarises the study area, Ethiopia, including its agro-ecological condition and healthcare 

system. This chapter ends with a brief description of the structure of the thesis. 

1.1 Background 

Anaemia (3, 4) and HDPs (5, 6) are significant health problems for pregnant women and 

account for substantial morbidity and poor pregnancy outcomes. Anaemia increases the risk of 

severe maternal morbidity (7), low birth weight (LBW) and preterm birth (PTB) (8, 9). 

Anaemia is a common health problem in resource-limited settings, where up to 56% of 

pregnant women are affected in certain regions, including South Asia, and East, West and 

Central Africa (3). In Ethiopia, anaemia is one of the major contributing factors to maternal 

mortality and severe morbidity (10). Likewise, HDPs are leading causes of maternal morbidity 

and mortality both globally and regionally (5, 11), including in Ethiopia (12). Recent research 

in Ethiopia has shown that HDPs were responsible for a significant proportion (19%) of 

maternal deaths and were the third most common cause of maternal mortality after 

haemorrhages (22%) and obstructed labour/uterine ruptures (36%) (12). 

The personal behaviour components of pregnancy, such as intake of an adequate and diverse 

diet, are becoming important areas of concern for the prevention and control of poor pregnancy 

outcomes (13, 14). Dietary intake is an important factor affecting pregnancy outcomes (15). 

The requirement of almost all nutrients (macro and micronutrients) is increased during 

pregnancy due to physiological and metabolic changes, maternal tissue deposition and fetus 

growth (16). Nutrients (e.g., thiamine, niacin, zinc, vitamin B6, iodine, iron, folate and protein) 

and energy requirements increase by 27%–54% during pregnancy (17, 18). Adequate 

nutritional intake helps pregnant women to have suitable gestational weight gain (19), which 

is essential for good pregnancy and birth outcomes (20). Excessive weight gain could increase 

rates of macrosomic infants, caesarean section, PTB and pre-eclampsia (21, 22), whereas low 

weight gain increases the risk of LBW (22). Therefore, a balanced energy intake along with 

specific nutrients is essential for optimum weight gain and a greater likelihood of healthy 

pregnancy outcomes (23). 
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Dietary intake is a modifiable factor that may have an effect on maternal morbidity, including 

anaemia (24, 25) and HDPs (26, 27), and is one potential area to target during pregnancy. The 

whole diet (i.e., dietary patterns) may have a greater influence on the occurrence of health 

outcomes than single nutrients or food (28). The effect of the whole diet can be examined 

through a more inclusive method of dietary pattern analysis. Dietary pattern analysis evaluates 

the usual diet as one complete dietary exposure (29, 30), which assists in the design and 

implementation of appropriate prevention strategies. Results of research on dietary patterns are 

more likely to be translated into policy and public health applications, and dietary 

recommendations could be more achievable, understandable and easily adoptable by 

community members (31).  However, dietary patterns can be affected by sociocultural, 

sociodemographic and economic factors, with dietary patterns varying across different 

populations (32-36). Hence, studies needs to be conducted in specific localities to understand 

the direct impact of localised dietary patterns and their effects on maternal health.  

Worldwide, the findings of epidemiological studies have indicated that dietary patterns have 

an influence on maternal morbidity and birth outcomes (37-40). However, these findings are 

inconsistent and inconclusive, with most studies occurring in high-resource settings (37-41). 

In an Australian longitudinal study, a pre-pregnancy Mediterranean diet (including vegetables, 

nuts, tofu, pasta, legumes, rice, rye bread, red wine and fish) was associated with a reduced risk 

of HDPs (37). Similarly, research findings from Norway (42)  showed that adherence to healthy 

dietary patterns resulted in lower odds of PTB. In contrast, a study in Holland found that low 

adherence to a Mediterranean diet (vegetables, legumes, pasta, fish and rice) (40) did not have 

an effect on gestational hypertension or pre-eclampsia. Likewise, a study from the United 

States (US) revealed that being large or small for gestational age, having a LBW or poor fetal 

growth were not associated with any maternal dietary patterns (39). Previous research has also 

shown that dietary patterns during pregnancy have an effect on anaemia (24, 25, 43). However, 

inconsistent results have been reported (44-46), highlighting the need for further well-designed 

observational studies in this area. The inconsistency in effect may be due to several factors, 

including geographical variations, variation in methods and population differences in terms of 

food habits and intakes. For example, the Australian study focused on a pre-pregnancy diet(37), 

while the other studies assessed dietary intake during pregnancy (40, 42); the US study (39) 

and other studies (44, 45) assessed dietary patterns using diet scores. Furthermore, not only are 

the study results inconsistent and inconclusive, but there is also a lack of well-designed studies 

on the effect of dietary patterns on maternal morbidity in resource-limited settings. Ethiopia is 
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one of these resource-limited countries and has an unacceptably high burden of maternal 

morbidity, particularly from anaemia and HDPs. Hence, this thesis assesses the spatial 

distribution and determinants of anaemia among women in Ethiopia and the effect of dietary 

patterns on anaemia and HDPs in a resource-limited setting of Ethiopia. A brief background to 

Ethiopia is presented in the next sub-section. 

1.2 Background on Ethiopia 

This section briefly describes the study area, Ethiopia, in terms of location/ecology, 

governance, population composition, health policy and dietary intake. 

1.2.1 Location/ecology, governance and population 

Ethiopia is a sovereign country in East Africa, covering 1,104,300 square kilometres and is the 

second most populous country in Africa. The country is bordered in the north by Eritrea, the 

north-east by Djibouti, the east by Somalia, the west by Sudan and South Sudan, and the south 

by Kenya. According to the Central Statistical Agency of Ethiopia’s population projection, as 

of 2019, Ethiopia has a population of 98,665,000 (49,500,000 males and 49,164,000 females) 

(47) with a total fertility rate of 4.6 (48). 

Ethiopia has a federal government system with two city administrations (Addis Ababa and Dire 

Dawa) and nine regional states (Amhara, Afar, Benishangul-Gumuz, Gambella, Harari, 

Oromia, Somali, Tigray, and Southern Nations, Nationalities and Peoples’ [SNNP]). The states 

are further subdivided into zones, woredas and kebeles (49). In Ethiopia, there are more than 

80 ethnic groups, with the majority of the population identifying their ethnicity as Oromo 

(37%) or Amhara (23%). Concerning religion, Christianity accounts for nearly 60% of the 

population, followed by Islam (35%); about half of the population are Orthodox Christians, 

one-third are Muslims and nearly 18% are Protestants. More than 80 languages are spoken, but 

the official language is Amharic. Ethiopia has its own calendar, which is nearly 7 years and 3 

months behind the Gregorian one, and the new year starts on the 11th of September (49). 

The country is home to a diversity of life and landscapes, containing large fertile lands, jungles, 

various indigenous plants and animals, and many lakes and rivers (50). Topographically, the 

highest peak (Ras Dashen) is 4550 m above sea level, and the lowest point (Danakil 

Depression) is 110 m below sea level and is where the hottest place (Dallol) is located (50). 

Ethiopia has a tropical monsoon climate, which is classified as Kolla (hot lowlands; < 1500 m 

above sea level), Woina Dega (moderate temperatures; 1500–2300 m above sea level) and 

Dega (cold temperatures; > 2300 m above sea level) (51). In Africa, Ethiopia has the highest 
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number of UNESCO World Heritage Sites. Additionally, Ethiopia is a founding member of the 

United Nations and the African Union, formerly the Organization of African Unity. Addis 

Ababa is the capital city of the country as well as the headquarters of the African Union, the 

United Nations Economic Commission for Africa, the Pan African Chamber of Commerce and 

Industry, and other non-governmental organisations (52). 

 
Figure 1-1  Map of Ethiopia (source: https://www.diva-gis.org/ )   

 

1.2.2 Healthcare system 

The country's health policy focuses on promotive, preventive and curative health services. The 

healthcare system is organised into a three-tier system. Primary level health care comprises 

primary hospitals (one for every 60,000–100,000 people), health centres (one for every 15,000–

25,000 people) and health posts (one for every 3000–5000 people). A secondary level of health 

care consists of a general hospital intended for every 1–1.5 million people, and tertiary level 

health care consists of specialised hospitals for every 3.5–5 million people (53). Communicable 

diseases account for the main health problems of the country and are responsible for the top 10 

causes of morbidity and mortality (54). According to the most recent demographic health 

survey, conducted in 2016, the infant mortality rate and maternal mortality ratio are 48 per 

1000 live births and 412 per 100,000 live births, respectively (48). In Ethiopia, the utilisation 

of maternal healthcare services is low, with 62% of women receiving antenatal care (ANC) 

https://en.wikipedia.org/wiki/List_of_World_Heritage_Sites_in_Africa
https://www.diva-gis.org/
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from skilled providers at least once and only 32% of them having four or more ANC visits for 

their most recent live birth (48). Similarly, skilled providers attend 28% of births, 26% of births 

occur in health facilities and only 17% of women receive postnatal care within 2 days after 

birth (48). There are also differences in access and utilization of healthcare services between 

rural and urban areas (48). Anaemia is a common health problem for women and children; 

nearly a quarter of women of reproductive age (24%), 29% of pregnant women and more than 

half of children aged under five years (56%) suffer from some form of anaemia (48). HDPs are 

the third most common cause of maternal mortality in Ethiopia, being responsible for about 

19% of maternal deaths (12). 

1.2.3 Dietary intake 

In Ethiopia, a variety of cereals, grains and legumes are harvested in different parts of the 

country. Due to differences in agroecological, sociocultural and socioeconomic status, there is 

considerable variation in dietary intake across the nation (55). Cereals/grains (eff, barley, 

maize, sorghum, oats, millet and wheat) constitute the major part of the diet; less than 10% of 

the population consume any food other than cereals/grains (55, 56). Fish, fruits and vegetables 

are consumed less frequently and inadequate micronutrient intakes have been observed in both 

females and males (57). Even though there are no national dietary guidelines in the country, 

Ethiopians usually eat three meals a day (breakfast, lunch and dinner) and snacks in between 

(58). Moreover, pregnant women have poor dietary practices: epidemiological studies have 

indicated that pregnant women do not eat diversified food, and some might even avoid some 

food types and/or others reduce their intake (59, 60). In the northern part of Ethiopia, 60% of 

pregnant women had poor dietary practices (i.e., did not consume vegetables, fruit, eggs), and 

40% of them avoided certain foods during their pregnancy (58) due to physical discomfort, fear 

of having a big baby and food shortages (60). 

1.3 Thesis structure/overview 

This thesis is organised into nine chapters. The first chapter provides a brief introduction to the 

relationship between dietary intake and maternal morbidity (anaemia and HDPs) and an 

overview of the study area (Ethiopia). A detailed review of the literature on anaemia and HDPs 

is presented in Chapter 2, focusing on epidemiology, burden, effect/consequence, prevention 

strategies and possible determinant factors. Chapter 3 provides a detailed description of the 

methods used in each study presented in this thesis. The results of each study are presented in 

Chapters 4 to 8 as a series of published and submitted papers. Each result chapter is independent 
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and includes a brief introduction, methods, results, discussion and conclusion. Chapter 4 is the 

first results chapter, assessing the effect of maternal dietary patterns on the risk of adverse 

pregnancy (HDPs and gestational diabetes mellitus [GDM]) and birth (PTB and LBW) 

outcomes through a systematic review and meta-analysis. Chapter 5 gives a detailed analysis 

of the geographical distribution of anaemia among women across the country using a recently 

conducted large population-based survey (the Ethiopian Demographic Health Survey [EDHS]) 

and spatial analysis. The chapter also identifies possible predictors of anaemia among women 

through a multilevel analysis, taking into consideration the hierarchical nature of the data. 

Chapter 6 provides population-attributable fraction (61) estimates for factors associated with 

different types of anaemia among women. Chapter 7 assesses the effect of dietary patterns on 

maternal anaemia in the low-resource setting of Ethiopia through a case-control study. Chapter 

8 examines the effect of dietary patterns on HDPs in North Shewa, Ethiopia, using a case-

control study design. Finally, Chapter 9 provides a brief discussion of the main findings of this 

thesis along with the strengths and limitations of this body of work. The thesis ends with 

conclusions and recommendations based on the main findings of the thesis. 
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Chapter 2: Literature review 

The previous chapter provided a brief overview of the relationship between dietary intake and 

maternal morbidity, particularly anaemia and HDPs. Chapter 1 also gave an overview of the 

study area (Ethiopia). The following chapter highlights maternal anaemia, HDPs and dietary 

intake during pregnancy. Specifically, it addresses the burden, consequences, determinant 

factors and prevention mechanisms of anaemia and HDPs. It also provides an overview of 

dietary patterns, nutrient requirements and dietary intake and diversity during pregnancy. 

2.1 Literature search strategy 

The literature used throughout this thesis was sourced from several different databases. A broad 

search strategy was applied first in Google Scholar followed by PubMed/MEDLINE, Web of 

Science and Scopus databases to obtain articles on anaemia (using the key terms: 

anaemia/anaemia AND women/pregnant women/pregnancy), HDPs (key terms: hypertensive 

disorders of pregnancy/gestational hypertension/pregnancy-induced hypertension AND 

factors/determinants/risk factors/predictors/prevention strategy), and dietary 

intake/patterns/diversity and nutrient requirements. All searched literature was imported to and 

managed by EndNote version X8 (crandon.com.au/endnote). The literature search began in 

2016 and was updated recurrently throughout the candidature. The literature was reviewed with 

a particular focus on the study area, Ethiopia, and provided evidence from other low- and 

middle-income countries (LMICs) to supplement necessary information. 

2.2 Maternal anaemia 

This section briefly describes the definition and burden of anaemia, possible 

determinants/predictors of anaemia, potential consequences of anaemia and strategies designed 

to prevent anaemia. 

2.2.1 Definition and burden 

Anaemia refers to a low blood haemoglobin (Hgb) level (< 11 g/dL and < 12 g/dL in pregnant 

and non-pregnant women at sea level, respectively) (62). If the Hgb level in the blood is low, 

the red blood cells are unable to carry adequate oxygen for the body’s physiological needs (62). 

Women, particularly pregnant women, are at a higher risk of developing anaemia. This is due 

to the several bodily changes occurring during pregnancy, one of which is increased blood 

volume (by about 48%) (63), and the increment of red blood cell mass (by about 18%). A 

sufficient amount of iron, folate and B12 is required to make Hgb. Nevertheless, iron 
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absorption is difficult, creating difficulties for producing Hgb, which can then lead to anaemia 

(63). Iron absorption can be inhibited by some chemicals like phytates, polyphenols and tannins 

which found in some food items such as tea and coffee such (64).  

Anaemia is a major public health problem in pregnant women and children aged under 5 years 

(3). According to the World Health Organization (WHO) classification (62), anaemia is a 

moderate-severe public health problem (> 20%) among women and children under 5 years of 

age in the majority of WHO member states (3, 65). Globally, in 2011, 38% of pregnant women 

and 43% of children under 5 years of age were anaemic (3). The recent estimates from 2016 

show that 33% of women are anaemic worldwide, and, notably, the occurrence is over 35% in 

Asia and Africa (2). It especially affects pregnant women, particularly in LMICs, where the 

highest prevalence rates are reported in Central and West Africa (56%), South Asia (52%) and 

East Africa (36%) (3). Similarly, a large proportion of non-pregnant women are reportedly 

anaemic in West and Central Africa (48%), South Asia (47%), and East Africa (28%) (3). A 

systematic review of 26 articles from low-income countries found that around 37% to 48% of 

pregnant women had experienced anaemia (4). 

Anaemia is also a common problem in Ethiopia: the most recent EDHS (in 2016) reported a 

29% prevalence of anaemia among pregnant women and a 24% prevalence among women of 

reproductive age, ranging from 16% to 59% in different parts of the country (48). Similarly, a 

number of small-scale studies from different parts of the country found various prevalence rates 

of anaemia among pregnant women, ranging from as low as 17% in the north (66), 32% in the 

south (25) and up to 44% (46) and 57% (67) in the east. This variation might be due to the 

occurrence of communicable diseases(54), differences in availability of healthcare facilities 

(68) and methodological or population variation. 

2.2.2 Determinant factors of anaemia 

Anaemia is a multifaceted disease and the role of various factors may differ from setting to 

setting (country to country or rural to urban areas). That is, the causes of anaemia are complex 

and setting-specific (69). The occurrence of anaemia can be affected by a wide variety of 

factors, such as biological or nutrient deficiencies, and socioeconomic, behavioural, contextual 

and environmental factors. 

 Biological factors 

Biological factors such as nutrient deficiencies, menstruation and gravidity have a significant 

role in the occurrence of anaemia. Deficiency of different nutrients that are essential for the 
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synthesis of Hgb and erythrocytes can lead to anaemia. Iron deficiency is the main nutritional 

cause of anaemia. However, deficiencies of other micronutrients (e.g., vitamins A, B6, B12 

and folate) could also cause anaemia (70). Anaemia due to iron deficiency is thought to account 

for approximately 50% of all cases of anaemia among women globally (3, 65). The results of 

a large-scale population-based study conducted in Ethiopia indicated that folic acid and iron 

deficiencies constitute major nutrient deficiencies in Ethiopia and the odds of anaemia were 

higher in women who were also deficient in iron or folic acid (71). However, based upon the 

geographical location and disease situation in LMICs, about half of anaemia cases are 

attributable to diseases like parasitic infections, malaria and human immunodeficiency virus 

(HIV) infections (70). A recent systematic review of 25 surveys studies indicated that the 

proportion of anaemia due to iron deficiency was under 50% in LMICs, especially in rural 

populations, with some regional variation (72). This indicated that the prevalence of anaemia 

due to iron deficiency might be lower than previously thought in LMICs (72). This could be 

due to other causes of anaemia, such as vitamin B deficiencies and poor sanitary conditions 

that often occur with an increased occurrence of infections (72). 

Deficiencies of B vitamins could also play a role in the occurrence of anaemia. Both vitamin 

B12 and folate deficiency could result in anaemia through its effect on erythrocyte 

production/synthesis (73). However, the evidence has indicated that B12 or folate deficiency 

might not necessarily relate to a high rate of anaemia among women when a vegetarian diet is 

taken into account (74). Vitamin C is important for the absorption of non-haem iron. A deficit 

of vitamin C can lead to haemolysis, through oxidative damage to erythrocytes, leading to 

blood loss (75). Iron absorption can be inhibited by some chemicals found in tea and coffee 

such as phytates, polyphenols and tannins (64).  

Women’s menstruation and fertility results in blood loss, which could also lead to anaemia. 

Menstruation increases iron losses, thus increasing the risk of anaemia in women throughout 

their reproductive years. Studies have documented an association between high menstrual 

blood loss and increased odds of anaemia among women of reproductive age (76, 77). Having 

a higher number of births has also been associated with increased odds of anaemia. Findings 

of studies from Ethiopia (77), Pakistan (78), Myanmar (79) and India (80) have shown that 

higher gravidity is associated with an increased odds of anaemia among women of reproductive 

age. Study results from Pakistan (78, 81), Timor-Leste (82) and Iran (83) have indicated that 

women with gravidity of four or more were at increased risk of anaemia compared to women 

with lower gravidity. Similarly, moderate-severe anaemia (Hgb value < 9.9 g/dl) was higher in 
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women who had a greater number of births (84). This could be due to the fact that the more a 

woman gives birth, the more blood loss they experience, which in turn results in low Hgb levels 

in the blood (85). Similarly, prior births may deplete maternal iron stores due to the increased 

nutritional demands of pregnancy and puerperal blood loss (86). 

 Disease/infection factors 

Different chronic or acute infections, such as parasitic or helminthic infections (hookworm and 

malaria) and HIV infections, can cause anaemia (77, 87-89). Helminthic infections, including 

hookworm, ascariasis and trichuriasis are associated with an increased risk of anaemia (90) due 

to their effect on blood (iron) loss (91). Hookworm infection has been documented as a risk 

factor for anaemia in women (89, 90). Particularly, in pregnant women, the intensity of 

hookworm infection negatively affects iron status (88). Other parasitic infections, such as 

malaria (88, 91) and schistosomiasis (70), can cause iron loss and lead to anaemia. 

Anaemia is one of the main haematological anomalies in HIV-infected persons (92). HIV has 

an effect on anaemia both directly and indirectly. Its direct effect is by affecting haematopoietic 

progenitor cells and reducing responsiveness to erythropoietin (a hormone important for red 

blood cell production) (92, 93). Indirect effects of HIV infection on anaemia can be through 

opportunistic infections (e.g., malaria, hookworm) and nutritional problems (92). A cross-

sectional study in Ethiopia revealed that patients with HIV who were infected with malaria and 

opportunistic infections were more likely to be anaemic (94). The prevalence of HIV in 

Ethiopia is estimated to be 0.9% in the general population and 1.2% among women of 

reproductive age (48). 

 Socioeconomic and environmental factors 

A wide range of socioeconomic and environmental factors make certain groups of people more 

susceptible to anaemia. Such factors include low income, low educational status, unhealthy 

living conditions (poor dietary practices, tobacco smoking, unimproved water sources and 

unimproved latrine facilities) (70). Socioeconomic status is strongly related to anaemia and 

affects the occurrence of anaemia in different ways. Research has recognised low 

socioeconomic status as a predictor of a higher odds of anaemia among women (77, 80, 95). 

Poverty is a key predictor of poor health and is associated with poor living conditions (poor 

water, sanitation, hygiene and dietary habits, and limited access to animal-based foods and 

healthcare services), which can affect Hgb level. Studies conducted in developing countries 

like Pakistan (70), Benin (96) and India (97, 98) reported that the lowest wealth index, 
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compared to the highest, was associated with a higher odds of anaemia among women. 

Similarly, a higher odds of moderate-severe anaemia cases was associated with the poorest 

wealth quantile (99, 100). 

Another key socioeconomic risk factor related to anaemia is education. Lack of formal 

education or low educational attainment (primary education status or less) is associated with a 

high likelihood of anaemia occurrence. A review of studies of LMICs found that women who 

did not have formal education had higher odds of anaemia than those with a higher education 

(70). Studies conducted in developing countries (70), including Ethiopia (77), Timor-Leste 

(82), Benin (96) and India (76, 97), revealed that a low level of education was associated with 

higher odds of anaemia among women of reproductive age. Evidence has also shown that low 

educational status is associated with higher odds of moderate-severe anaemia among women 

(100, 101). Formal education might assist women in obtaining knowledge that in turn helps 

them to have better personal behaviours, like intake of diversified diet, better health-seeking 

habits (health literacy) and hygiene practices that can prevent anaemia (100). 

Being of rural residence is also an important predictor for the occurrence of anaemia (102). 

The likelihood of anaemia is higher in rural residents compared to urban residents, particularly 

in resource-limited settings (70). Similarly, evidence has suggested that moderate-severe 

anaemia is more prevalent in individuals of rural residence (84, 103). Rural residents may have 

limited access to services (health care, water and sanitation), increased exposure to infectious 

agents, like soil-transmitted infections, and a less varied diet than urban inhabitants, all of 

which can increase the risk and likelihood of anaemia. Furthermore, research has revealed that 

women from households with unimproved latrine facilities were more likely to be anaemic than 

those with improved latrine facilities (96, 104). This might be due to the fact that unimproved 

latrine facilities can expose women to helminthic infections (105), which in turn may result in 

anaemia (106). Studies of low-income countries like Tanzania (100) and India (76) reported 

that unimproved latrine facilities were associated with higher odds of moderate-severe 

anaemia.  

 Dietary factors  

Dietary intake is a factor that may influence the occurrence of anaemia (70). Dietary patterns 

may affect iron intake or bioavailability due to cultural or religious practices. For instance, the 

consumption of coffee or tea during meals affects the absorption of iron in a woman’s diet. 

Similarly, due to cultural beliefs, some food mixtures or domestic food distributions might 
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affect iron consumption (107, 108). Besides, the intake of a diversified diet could be affected 

by socioeconomic conditions, and cross-sectional studies in Ethiopia have indicated that low 

dietary diversity was higher among women with no education and who were in the low wealth 

quantile (109, 110). 

The effect of dietary patterns during pregnancy on anaemia has been reported in previous 

research (24, 25, 43, 111). Although some research findings did not show the association 

between a diversified dietary score and anaemia (44, 46, 112), a number of studies 

demonstrated an association between dietary pattern and anaemia. For instance, two 

community-based cross-sectional studies in the Southern part of Ethiopia have shown that 

pregnant women with a low dietary diversity score were more likely to have increased odds of 

anaemia (24, 25). Another cross-sectional study in Ethiopia (111) and a cross-sectional study 

from Ghana (43) showed that a low dietary diversity score was associated with higher odds of 

anaemia among pregnant women. However, other studies have reported inconsistent results 

(44, 46, 112). The cross-sectional studies from Ethiopia showed that dietary diversity did not 

relate to maternal anaemia (46, 112). Similarly, a cross-sectional study in Northern Ghana did 

not demonstrate the association between a diversified dietary score and anaemia (44). The 

inconsistencies in studies along with cross-sectional study design highlight the need for well-

designed research in this area, whereby a better understanding of the effects of dietary patterns 

on maternal anaemia may help to tailor local strategies and dietary recommendations for the 

prevention of maternal anaemia. 

In Ethiopia, in addition to disparities in prevalence rates, studies have different and inconsistent 

results when assessing factors associated with anaemia during pregnancy. For example, large 

family size, no education, rural residence, hookworm infestation and HIV infection were 

identified as factors contributing to anaemia in cross-sectional studies in Northern Ethiopia (66, 

113), while cross-sectional studies from the eastern area reported that the chewing of khat (a 

stimulant leaf), restrictive dietary behaviours, multigravidas, third trimester of pregnancy and 

intestinal infestation were factors associated with anaemia during pregnancy (46, 114). A 

majority of these previous studies were cross-sectional and unable to allow for the 

determination of risk factors. Besides, some studies did not control for potentially confounding 

factors such as sanitation, water source and dietary intake (66, 113, 114); others lack 

representativeness (66, 114) as they were conducted in tertiary- or high-level health 

facilities/hospitals that are not accessible for the majority of women in Ethiopia. Furthermore, 

the impact of different determinant factors on maternal anaemia has not been evaluated. Use 
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of the PAF approach could resolve some of these issues. We, therefore, performed this type of 

analysis to fill this gap in the literature as presented in Chapter 6. 

PAF is an important tool for measuring the impact of factors in the population because it takes 

into consideration the relationship between potential risk factors and anaemia, and the 

prevalence of these factors in the population (115). PAF is useful for understanding the public 

health impact of factors in the population and can help in prioritising public health intervention 

strategies (116). The variation in rates of anaemia in Ethiopia could be due to diverse contextual 

and geographical variables. Some factors, like diet and communicable diseases, could result in 

environmental variances in the causes of anaemia (117). Malaria, nutritional iron deficiency 

and anaemia-causing soil-transmitted helminthic infections are related to ecological factors 

(e.g., temperature, rainfall and altitude) (118). Similarly, factors such as food insecurity, 

helminthic infections, clean water and sanitation are interconnected, contextual, differ in 

location and are linked with an increased risk of anaemia among women (69). 

Nevertheless, no spatial analysis has, to date, been conducted to identify hotspot areas for 

maternal anaemia. Moreover, previous research has used traditional logistic models to identify 

determinant factors of anaemia in women, which may not address geographical clustering and 

factors at different levels (e.g., community and individual levels) (46, 66, 67, 114). Thus, 

assessing the geographic distributions of anaemia is important for the provision and application 

of practical prevention programs. Mapping the geographical distribution of anaemia can also 

be beneficial for the prevention and control of parasitic infections, including soil-transmitted 

helminthiasis, schistosomiasis and malaria. This is because the control programs of malaria 

and soil-transmitted helminthiasis have been evaluated using the burden of anaemia as a 

quantifiable indicator (119). 

In this regard, the EDHS, which is a large-scale population-based study, can be used to assess 

geographical aggregation and the burden of maternal anaemia in Ethiopia via spatial analysis 

coupled with analysis of the determinant factors. Recognising specific regions or localities in 

Ethiopia is important for designing targeted prevention and control programs for maternal 

anaemia. In addition, it may help to correctly identify which factors (at the individual and 

community levels) are related to maternal anaemia. Thus, this thesis assesses the geographical 

patterns of anaemia among women by using spatial analysis and aims to identify the individual- 

and community-level factors through multilevel analysis using population-based national 

datasets (see Chapter 5). 
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2.2.3 Consequences of anaemia 

 Maternal morbidity  

Anaemia has substantial effects on human health, socioeconomic status and progress. In 2019, 

anaemia was responsible for 58.6 million years of life lived with disability (range 40.14 - 81.1 

million) (120). Evidence has linked anaemia with considerable maternal morbidity and poor 

birth outcomes (PTB and LBW) (4, 121). The WHO multi-country study (29 countries in 

Africa, Asia, Latin America and the Middle East) revealed that anaemia accounted for nearly 

half of the indirect causes of maternal mortality and severe morbidity worldwide (7). In a recent 

facility-based cross-sectional study in Ethiopia, anaemia was reported as a major contributing 

cause of maternal near-miss cases (40%)(10). Two multicounty studies in three regions (Africa, 

Latin America and Asia) have also reported that a low Hgb level was related to a higher risk 

of HDPs, especially pre-eclampsia (6, 122). Another retrospective cohort study from Turkey 

showed that a low Hgb level increases the risk of pre-eclampsia/eclampsia (123). A cohort 

study in Iran (124) and a case-control study in Sudan indicated that a low Hgb level increased 

the risk of pre-eclampsia (125). A cohort study in Poland indicated that women with low serum 

iron had a twofold increase in pregnancy-induced hypertension risk compared to women with 

high serum iron (126). On the other hand, study findings from Iran (127) and Pakistan (128) 

have reported that a higher Hgb concentration during gestation increased the odds of gestational 

hypertension. A cohort study in the Netherlands showed that an elevated Hgb level was 

associated with increased systolic blood pressure (SBP) and diastolic blood pressure (DBP) 

during pregnancy (129). 

Evidence have also revealed that a higher risk of postnatal depression among women who were 

anaemic during pregnancy (130, 131). In a cross-sectional study in Turkey, a higher depression 

score was observed among anaemic women, compared to non-anaemic women, in the third 

trimester (132). Similarly, a cohort study in Iran revealed that the odds of postpartum 

depression was four times higher in pregnancies with a Hgb level < 11 g/dL at delivery (133). 

Furthermore, anaemia has an adverse effect on women’s physical capabilities due to low 

oxygen supply to tissues and a disturbance of tissues’ oxidative ability, which results in 

decreases in work productivity and performance (134) and leads to a decrease in household 

income and food security (70). 
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 Poor birth outcomes 

Studies have also shown that anaemia increases the risk of adverse birth outcomes, including 

LBW and PTB (8, 9). A systematic review of studies of LMICs revealed higher odds of LBW, 

PTB, perinatal mortality and neonatal mortality among anaemic women (4). A meta-analysis 

of clinical trials of both high- and low-income countries (135), a cohort study in Israel (8) and 

two studies from China (9, 136) have also shown that maternal anaemia is associated with a 

higher risk of PTB and LBW. In a recent systematic review, anaemia in the first trimester was 

found to increase the odds of LBW by 26% despite no association being found in the second 

and third trimesters (137). Anaemia may also increase the risk of perinatal mortality; however, 

these findings have been inconsistent and inconclusive (138, 139). 

In brief, research has consistently demonstrated that maternal morbidity and poor birth 

outcomes (PTB and LBW) is linked with anaemia, but the evidence has been inconclusive on 

the effect of anaemia on prenatal mortality. 

2.2.4 Prevention of anaemia 

In various countries across the globe, several strategies are in place for the prevention of 

anaemia, including food fortification and diversification, bio-fortification, iron or other 

micronutrient supplementations, recommendations regarding the spacing of pregnancies, 

infectious disease control and parasitic disease control (70, 140). The WHO has recommended 

universal iron/folate supplementation and the treatment of women with anaemia during 

pregnancy with elemental iron (141). However, the coverage of supplements is low in 

developing countries, including Ethiopia (142, 143). A low rate of supplement compliance has 

also been reported in resource-limited settings (144-146). Studies have shown that a low 

proportion of pregnant women are compliant with recommended iron/folate supplementation 

in Ethiopia (38%–55%) (146-148), Kenya (33%) (149) and Saudi Arabia (50%) (150). A 

universal iron/folate supplementation approach can overlook other untreated diseases in 

resource-limited settings where anaemia is prevalent. Conversely, iron supplementation may 

have harmful effects, such as the risk of hypertension (151), and side effects, including 

diarrhoea, constipation, gastric irritation, nausea and vomiting (144, 145), with only 50% of 

anaemic women responsive to iron supplementation (3). Moreover, a recent systematic review 

of 27 trials from 21 countries showed that intermittent iron supplementation did not prevent 

anaemia among pregnant women (152). Similarly, another review of trials indicated that the 

provision of folic acid only, or with other micronutrients (153), and the provision of multiple 
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micronutrients plus iron and folic acid (154) during gestation failed to improve maternal 

anaemia. A study from Ethiopia showed that iron/folate supplementation and compliance is 

low, with only 3.5% of pregnant women supplementing for the recommended 91 days (143). 

This puts the practicality of iron/folate supplementation into question and thus anaemia 

continues to be an issue worldwide. 

2.3 HDPs 

Both anaemia (6, 122) and the strategies that might prevent anaemia (e.g., dietary intake) (26, 

27, 155) have been implicated as risk factors for hypertension during pregnancy. HDPs are a 

key health problem among pregnant women and are ranked in the top five major causes of 

maternal death in the world (5). HDPs are subject to many of the same risk factors as anaemia, 

including diet (26, 27, 155, 156) and low educational status (122, 157). This section presents 

the definition, burden and potential consequences of HDPs. It also briefly presents possible 

determinants/predictors of HDPs and available strategies for preventing HDPs. 

2.3.1 Definition and burden of HDPs 

HDPs include gestational hypertension, pre-eclampsia/eclampsia chronic hypertension, and pre-

eclampsia superimposed on chronic hypertension (158). Gestational hypertension refers to the 

presence of two raised blood pressure (≥ 140/90 mmHg) readings, 4 hours apart, after 20 weeks 

gestation in women previously normotensive (159). Pre-eclampsia refers to a blood pressure 

≥ 140/90 mmHg with ≥ +1 proteinuria on dipstick readings in women previously normotensive 

(159). Eclampsia includes pre-eclampsia plus a new event of seizure or convulsion (159). 

Chronic (pre-existing) hypertension refers to a blood pressure of ≥ 140/90 mmHg preceding 

pregnancy or before the 20th week of gestation and up to 12 weeks after birth. Pre-eclampsia 

superimposed on chronic hypertension is chronic hypertension with new or worsening 

proteinuria (158, 159). 

According to a WHO multicountry survey, the incidence of pre-eclampsia and eclampsia varies 

within and across different regions; the highest pre-eclampsia in the US (4%), closely followed 

by Africa (2%). Pre-eclampsia incidence also differs according to a country’s income level: 

low (1%), lower-middle (2%), upper-middle (3%) and high income (3%) (122). Similarly, 

observational studies in Ethiopia reported that HDPs ranged from 4% (160) to 8.5% (161), of 

which the majority of cases were a result of severe pre-eclampsia (52%) (161) and eclampsia 

(8.4%) (162). 
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2.3.2 Predictors of HDPs 

HDPs, caused by multiple risk factors (both modifiable and non-modifiable), are one of the 

most serious health problems for pregnant women (163); however, their exact causes are not 

known (164). Non-modifiable factors, such as being over 35 years of age (122, 165, 166), 

primiparity (122, 165-167), having had multiple pregnancies (122, 165, 166, 168), having a 

family history of hypertension (169-171), previously having pre-eclampsia or hypertension 

during pregnancy (157, 170, 172), having gestational diabetes (165, 167, 173, 174) and having 

pre-existing diabetes (171, 175), are associated with a higher odds of having HDPs. 

Evidence has shown that modifiable risk factors, such as a body mass index (BMI) of 25 kg/m² 

or more (175, 176), low education attainment (122, 157), poor diet, anaemia and a high number 

of previous births (6, 122) are risk factors of HDPs. Additionally, epidemiological studies (167, 

174) and systematic reviews (177-179) have revealed an inverse association between cigarette 

smoking and pre-eclampsia, although other studies have reported no such association (172, 

180). Several studies have also reported that dietary intake during pregnancy plays an important 

role in the occurrence of HDPs (26, 27, 155). However, the findings remain varied and further 

research is necessary to clarify the effects of dietary intake on the occurrence of HDPs, 

particularly in resource-limited settings, including Ethiopia (37). 

2.3.3 Consequences of HDPs 

Hypertensive disorders can complicate pregnancy and are responsible for a significant 

proportion of maternal and neonatal deaths (6). HDPs complicate nearly 10% of pregnancies 

and cause an estimated 30,000 maternal deaths annually, with most deaths occurring in less-

developed countries (11). According to a WHO systematic review published in 2014, 

hypertensive disorders were responsible for about 14% (11%–17%) of direct maternal deaths 

in the world between 2003 and 2009, second only to haemorrhages (27%) (5). In sub-Saharan 

and Northern Africa, hypertensive disorders accountable for nearly 16% and 17% of maternal 

deaths, respectively, whereas the figure was around 22% in Latin America and the Caribbean 

(5). A cohort study in Uganda reported that about 780 per 100,000 live births of maternal 

mortality were due to HDPs (181). HDPs also increase the risk of stillbirth (182-184), neonatal 

mortality (184, 185), LBW (6, 185) and caesarean delivery (185). 

Recent research in Ethiopia has shown that HDPs were responsible for a significant proportion 

(19%) of maternal deaths and were the third most common cause of maternal mortality after 

haemorrhages (22%) and obstructed labour/uterine ruptures (36%) (12). Likewise, a recent 
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facility-based cross-sectional study in Addis Ababa reported that hypertensive disorders were 

the main underlying cause for maternal near-miss cases (severe maternal morbidity; 53%) (10). 

Unfortunately, maternal deaths due to HDPs have shown to be an increasing trend (12, 186) 

from 4%–6% in 1980–1999 to 11%–29% in 2007–2012 (12). 

2.3.4 Prevention of HDPs 

Prevention strategies emphasise personal behaviour modification, nutritional supplementation 

and pharmacological therapy (187, 188). The WHO has recommended calcium 

supplementation and low-dose aspirin during pregnancy for the prevention of pre-eclampsia in 

women at high risk of developing the condition (189). The findings of studies have indicated 

that the prevention methods for pre-eclampsia/eclampsia have not been satisfactory, although 

aspirin and calcium might have an effect in some sub-populations (190), such as people who 

have low dietary calcium intake and those at higher risk of pre-eclampsia/eclampsia (191, 192). 

A meta-analysis of 10 trials revealed that supplementation of calcium during gestation resulted 

in a 59% reduction of pre-eclampsia and a 45% reduction of gestational hypertension in women 

in developing countries (193). Similarly, two meta-analyses of clinical trials revealed that 

supplementation of calcium during gestation reduced the odds of having pre-eclampsia (194, 

195). Furthermore, a systematic review of clinical trials (196) and a meta-analysis of 31 clinical 

trials (197) showed that aspirin reduced pre-eclampsia and its complications. 

In contrast, a large multicentre study by the WHO revealed that a 1.5 g/day calcium 

supplementation for women with low dietary calcium intake did not prevent gestational 

hypertension or pre-eclampsia, even though it reduced the severity of pre-eclampsia (198). 

Similarly, a prospective cohort study on primigravid women in China reported that low-dose 

calcium supplementation did not reduce the incidence of pregnancy-induced hypertension in 

high-risk women (199). The standard treatment guideline in Ethiopia recommends a low-dose 

of aspirin for high-risk women to prevent HDPs (200). 

2.4 Dietary requirements and dietary intake during pregnancy 

Dietary intake is one important factor that may have an effect on the occurrence of anaemia 

(24, 25) and HDPs (26, 27) and is one potential area to target during pregnancy. In this section, 

a detailed description of nutrient requirements, including macro and micronutrients during 

pregnancy, is presented. Besides, this section presents evidence on actual dietary intake during 

pregnancy, particularly in resource-limited settings. 
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2.4.1 Dietary requirements during pregnancy 

During pregnancy, the requirements of most macro and micronutrients increase due to maternal 

tissue deposition and fetus growth, particularly during the third trimester (16). 

 Requirements of energy and macronutrients 

Energy requirements rise throughout gestation due to the increase in tissue mass (201). During 

pregnancy, additional energy is necessary to build and maintain active tissues of the fetus, 

placenta, mother, and in response to the high metabolic burden of gestation. Basal metabolism 

increases in response to various changes, such as increasing circulatory, pulmonary and renal 

functions (202). The Food and Agriculture Organization of the United Nations (203) and the 

WHO have developed recommendations for energy intake during pregnancy. According to 

these recommendations, pregnant women should increase their energy intake by 85, 285 and 

475 kcal per day in the first, second and third trimesters, respectively (202). The US Institute 

of Medicine has recommended that pregnant women (in the US) add 340 and 452 kcal per day 

in the second and third trimesters, respectively, with no additional calories needed for the first 

trimester (204). The Royal College of Obstetricians and Gynaecologists (RCOG), in the UK, 

has recommended increasing calorie intake by around 10% (200 kcal/day) in the third trimester 

relative to the recommended intake for a non-pregnant woman (205). The discrepancy between 

these recommendations is due to their target population differences: the FAO and WHO 

recommendations (202) target a global population, the Institute of Medicine recommendations 

(204) were established for US and Canadian populations, and the RCOG’s recommendations 

are for the UK (205). This is due to the need for country-specific dietary recommendations. 

In a typical diet, the main source of energy is macronutrients (carbohydrates, fat, protein), 

which can be utilised interchangeably (202). Carbohydrates, the body’s main source of energy, 

contribute to about 35%–70% of the total energy intake, fat contributes 20%–45% and protein 

constitutes a smaller energy intake (206). Plant-derived foods, including whole grains, starchy 

vegetables (e.g., potatoes, yams, green peas and corn), fruits, legumes/pulses (e.g., beans, 

lentils, peas) and low-fat dairy products, provide greater amounts of carbohydrates (18). 

Protein is considered to be the main structural and functional element of human body cells. 

Protein is important for enzymes, membrane carriers, blood transport molecules, vitamins, 

serum albumin, collagen and many hormones (206). Protein is the building block of maternal 

and fetal tissues and an alternative source of energy if carbohydrate consumption is inadequate. 

Due to maternal and fetal tissue development in the second and third trimesters, protein 
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requirements are increased in these periods (207). The requirement of protein during pregnancy 

is approximately 71 g/day, starting in the second trimester, which is approximately 25 g more 

than what is recommended for non-pregnant women (208). Legumes/pulses (e.g., lentils, beans, 

nuts), seeds, meat, poultry, seafood, eggs and dairy products are the main sources of protein, 

and pregnant women should eat a range of these foods to fulfil their protein requirements (207, 

209). 

Likewise, fats are basic sources of energy and provide essential fatty acids that cannot be 

produced in the body. Dietary fats facilitate the absorption of some vitamins (A, D, E and K) 

(209) and the metabolism of carbohydrates (206). It is advised that the dietary intake of fat be 

between 20% and 35% of total calorie intake, even if the recommended amount of fat intake 

has not been determined. Intake of omega-3 (n-3) and omega-6 (n-6) polyunsaturated fatty 

acids should be increased, but saturated and trans-fatty acid and intake need to be limited (18). 

Both animal and plant products are sources of dietary fat. Animal fats contain abundant 

saturated fatty acids, whereas plant fats have a high content of unsaturated fatty acid. Saturated 

and trans fatty acids and lead to high concentrations of low-density lipoprotein cholesterol, 

which increases the risk of cardiovascular disease (18). 

Water is a vital nutrient for the body, and around 60% (45%–75%) of body mass is composed 

of water. Adequate intake of water is required for pregnant women to be hydrated. Additional 

water intake of 300 mL/day above an intake adequate for non-pregnant women is needed for 

pregnant women, which equates to approximately 3 L/day (206, 210). Some of the water needs 

of pregnant women can be met through the consumption of juice, milk and high moisture foods 

including fruits, vegetables and meat. For pregnant women, around 19%–25% of total water 

intake can be gained from food moisture (206). 

 Micronutrient requirements 

Micronutrients are an important element of nutrition and comprise vitamins and minerals (211). 

These nutrients are essential for pregnant women and the fetus despite only being required in 

small amounts. Micronutrients enable the body to synthesise enzymes, hormones and other 

substances essential for growth and development (212). 

Micronutrient requirements increase throughout gestation because of the higher metabolic 

needs of the mother and the growth of the placenta and fetus. The concentration of nutrient 

carrier proteins also decreases (213). The requirement for some nutrients, such as thiamine, 

niacin, zinc, vitamin B6, iodine, iron, folate and protein, and energy, increases by 27% to 54%. 
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However, the need for other micronutrients, for example, some vitamins (D, E, K), fluoride, 

calcium and phosphorus remains unchanged (17, 18). 

The deficiency of some micronutrients, like iodine, vitamin A and iron, is a global public health 

issue, especially for pregnant women and children in LMICs (212). In LMICs, the 

mean/median intake of micronutrients except for vitamin A, vitamin C and niacin—among 

women is below estimated average requirements (214). 

2.4.2 Dietary intake and diversity during pregnancy 

During pregnancy, women are recommended to have additional types and amounts of food 

compared to non-pregnant women (14). The WHO recommends pregnant women have a 

balanced diet with adequate energy, protein, vitamins and minerals. This balanced diet could 

be achieved through the consumption of diversified foods, such as vegetables, fruits, meat, fish, 

beans, nuts and whole grains (215). However, many women in both developing and developed 

countries do not consume enough nutrients (both macro and micro) in their diet during 

pregnancy (216). Food consumption practices vary across different populations and is affected 

by food availability and sociocultural, sociodemographic and economic factors (32, 33). Many 

pregnant women in developing countries are unable to eat a diversified diet, and some might 

avoid specific types of food or reduce their food intake (216). In contrast, women living in 

developed countries have been known to consume foods that are low in micronutrients, like 

soft drinks, and fast and convenience foods (216). Moreover, unbalanced macronutrient intake, 

inadequate micronutrient intake and greater consumption of plant-based foods are the features 

of pregnant women’s diets in LMICs (217). Likewise, energy and macronutrient intake by 

women in some parts of Africa and Asia are lower than that of women in Latin American 

countries (217). 

In Ethiopia, food intake is diverse, and there is no single dominant grain at the national level 

(56). Various types of grains such as teff, wheat, barley, sorghum, maize and enset (‘false 

banana’)— are commonly consumed in different parts of the country (56). Due to the variation 

in agroecological, sociocultural and socioeconomic conditions, the use of these grains and 

staples differs broadly across the nation (56). There is also a considerable difference in 

macronutrient intake across regions (55). The typical Ethiopian food source is high in complex 

carbohydrates and low in fat, protein and micronutrients (218). In Ethiopia, calorie intake is 

low and cereals typically constitute a substantial portion of this intake (56). Cereals/grains 

constitute a major part of the diet: less than 10% of the population consume any food other 
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than cereals/grains (55). Fish, fruits and vegetables are consumed less frequently, and 

inadequate micronutrient intakes have been observed in both females and males (57). 

Epidemiological studies have shown that pregnant women in Ethiopia do not eat a diversified 

diet; some avoid certain foods and others reduce their intake because of physical discomfort, 

food shortage and personal dislikes (59, 60). Formative research conducted in Ethiopia 

identified that most pregnant women did not change the quantity of food eaten, and some even 

reduced their food intake due to fear of having a big baby (219). Another study in Southern 

Ethiopia revealed that the majority of pregnant women were deficient in energy, protein, 

calcium, folate and niacin (59). The study also reported that more than two-thirds of women 

did not increase their food intake during pregnancy, and approximately 48% reported reducing 

their dietary intake due to physical discomfort, fear of having a big baby and food shortage 

(59). Another study in this area showed that more than 75% of pregnant women did not eat an 

additional meal, and 69% of them skipped one or more of their regular meals during pregnancy 

due to the aforementioned reasons (60). In the northern part of Ethiopia, 60% of pregnant 

women had poor dietary practices (i.e., did not consume vegetables, fruits, eggs), and 40% of 

them avoided certain foods during pregnancy due to cultural reasons, fear of having a big baby 

and fear of a difficult delivery (58). A lack of nutrition information and a lack of dietary 

knowledge were reported as factors for poor dietary practices (58). 

2.4.3 Dietary patterns 

The analysis of dietary patterns is another approach to examining the impact of diet on health. 

Dietary patterns refer to the amounts, proportions, types or mixtures of various foods/meals 

and drinks in a person’s diet and the number or frequency of which this food is regularly 

consumed (220). Dietary pattern analysis is used to assess the usual foods consumed as one 

overall dietary exposure (29, 221); it is difficult to isolate the influence of individual foods or 

nutrients, as they have been consumed as a mixture and combined with other foodstuffs (28). 

When individuals consume food, they consume a combination of nutrients, not single nutrients 

(28). The whole diet (dietary patterns), with its expected synergistic effects, may have a greater 

influence on the occurrence of health outcomes than single nutrients or foods (28). Thus, the 

dietary pattern approach, which measures overall diet consumption, has been applied to 

elucidate the relationship between diet and adverse health outcomes (221). It appears more 

complete to examine the effect of the whole diet by applying an all-inclusive method of dietary 

pattern analysis (29, 30). Having information on the effects of complete dietary exposure helps 

in the design and implementation of appropriate prevention strategies. Research findings on 
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dietary patterns are more likely to be translated into policy applications and public health 

practices (guidelines and recommendations), which are more achievable, understandable and 

easier to adopt by community members (31). 

Dietary patterns may be affected by sociocultural, sociodemographic and economic factors, 

and thus, patterns can vary across different populations, which means context-specific research 

is required (32, 33). In the UK, pregnant women who have a higher educational status, are older 

and non-white tended to consume a ‘health-conscious’ diet (e.g., fruit, salad, rice, cereals, 

pulses, fruit, pasta, fish, eggs and meat), whereas women who smoked, had increased parity, 

were single and not working were less likely to eat a ‘health-conscious’ diet (35). A cross-

sectional study in Brazil reported that women’s socioeconomic factors like age, income and 

educational status affected their dietary practices (36). In Ethiopia, women who had a good 

living status, including having an improved water source and a latrine facility, lived in an urban 

area and had a bank account and mobile phone were more likely to have a diversified diet (34). 

This further reinforces the need for studies to be conducted in specific localities to understand 

dietary patterns and their effects on maternal health. Investigating current dietary patterns—

that is, what food individuals consume their and associations with health outcomes—is 

essential from a public health perspective. 

There are two different methods for determining dietary patterns based on dietary intake. The 

first is an a priori approach, which constructs dietary indices, or scores, according to predefined 

recommendations or current knowledge (29, 221, 222). The second is an a posteriori approach, 

which identifies data-driven dietary patterns using statistical methods (e.g., principal 

component analysis [PCA], cluster analysis and reduced rank regression) (29, 221, 222). 

Dietary diversity score (DDS) is a priori–determined dietary index that is used to measure a 

population’s adherence to dietary guidelines or references and to evaluate the implications of 

dietary advice on diseases (223). Dietary diversity refers to the number of various food groups 

or items eaten over a certain time. It measures food consumption patterns and reflects the food 

availability/accessibility of households or the quality of an individual’s diet (224). It can be 

measured using food groups: most often, 8–12 food groups are considered. As an indicator of 

a healthy diet, dietary diversity may comprise a minimum of the following food groups: energy 

(e.g., cereals, tubers, roots), protein (e.g., pulses, solid foods of animal origin), minerals (e.g., 

pulses, other legumes, vegetables, solid foods of animal origin, milk) and vitamins (e.g., 

vegetables, green vegetables, fruits, solid food of animal origin) (224). 
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A guideline has been developed by the FAO to measure an individual’s and household’s dietary 

diversity through a standardised questionnaire, which is a quick, easily administered and low-

cost assessment tool (224). These dietary diversity indicators are recognised to reflect 

micronutrient adequacy for mothers (225) and infants (226). These indicators have also been 

related to average household nutrient adequacy (226). More significantly, it is effective for 

studying nutritional quality at the population level (227). Moreover, the evidence has shown 

that DDS is a good indicator of food access at a household level (228), of micronutrient 

adequacy of women’s diets (225, 229) and nutritional status (230, 231). Researchers have also 

reported a relationship between dietary diversity and maternal health in resource-limited 

settings, though the findings are inconsistent. For instance, a cross-sectional study in Tanzania 

(156) reported that, compared to a lower DDS, a high or medium DDS was associated with 

increased odds of gestational hypertension. In a cross-sectional study in Northern Ghana, DDS 

was not associated with anaemia among pregnant women (44). Similarly, another small-scale 

cross-sectional study also reported that a good DDS does not have a relationship with Hgb 

levels (45). This indicates that further research is needed clarify the effect of DDS on maternal 

morbidity in resource-limited settings. Therefore, in this thesis, DDS was used to assess 

maternal dietary intakes and their association with maternal morbidity (anaemia and HDPs). 

2.5 Gap analysis and significance 

Anaemia (3) and HDPs (5) are significant health problems, mainly in LMICs, that dietary 

patterns can influence, although research to date is inconclusive. Epidemiological studies have 

indicated that dietary patterns have an effect on maternal morbidity and birth outcomes (37-

40), including anaemia (24, 25, 43, 46, 98, 232) and HDPs (233, 234). However, the findings 

are inconsistent concerning the effect of dietary patterns on anaemia. Some have shown that 

dietary patterns during pregnancy affect anaemia (24, 25, 43, 111), but others have not shown 

this association (44, 46, 112). Similarly, epidemiological studies have shown that dietary intake 

during pregnancy plays an important role in the occurrence of HDPs (26, 27, 155, 156), though 

the findings remain varied and inconclusive. This could be because dietary intake can be 

influenced by sociocultural, sociodemographic and economic factors, or because dietary 

patterns vary across different populations (32-35). This reinforces the need for studies in 

specific localities to understand the direct impact of localised dietary patterns and their effects 

on maternal health. 
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Furthermore, there is not yet enough research on the effect of dietary patterns on anaemia and 

HDPs in resource-limited settings specifically (particularly in Ethiopia). Thus, there is a need 

to identify which dietary patterns could have health benefits for pregnant women through 

prevention of morbidity and adverse pregnancy outcomes in these settings. A better 

understanding of the effects of dietary patterns on maternal morbidity may help to tailor local 

strategies and dietary recommendations for the prevention and control of maternal health 

problems, especially anaemia and HDPs. Thus, this thesis assesses the effect of dietary patterns 

on anaemia and HDPs in the resource-limited setting of Ethiopia. 

In Ethiopia, varied prevalence rates of anaemia among women have been observed with 

different factors across different parts of the country (66, 67). The variation in rates of anaemia 

in Ethiopia could be due to the presence of diverse contextual and geographically variables, 

including diet and the incidence of communicable diseases (117). Even though anaemia is 

impacted by a range of social and geographical issues, there are not enough studies conducted 

using spatial analysis to identify hotspot areas of maternal anaemia. Previous studies have 

applied the traditional logistic models to assess the predictors of anaemia (46, 66, 67, 114), 

which might not correctly address geographical clustering and factors at different community 

and individual levels. In addition, the impact of these factors on anaemia has not been assessed 

through impact measures, like PAF, at the population level. PAF is an important tool for 

determining the impact of different factors on the occurrence of anaemia in the population 

(115). 

Assessing the geographical distributions of anaemia and the impact of risk factors on disease 

prevalence and progression is important for prioritising and designing targeted prevention and 

control programs for maternal anaemia (116). Mapping the geographical distribution of 

anaemia can also be beneficial for the prevention and control of parasitic infections like soil-

transmitted helminthiasis, schistosomiasis and malaria. This is because the control programs 

for soil-transmitted helminthiasis and malaria have been evaluated using the burden of anaemia 

as a quantifiable indicator (119). 

The WHO has set a global target of a 50% reduction of anaemia prevalence among women of 

reproductive age between 2012 and 2025 (235). The latest global estimates indicate that no 

county is on track to achieve this reduction (236). According to these estimates, Ethiopia did 

not show any reduction in the prevalence of anaemia among women between 2012 and 2016 

(236). There is a need to explore the country-specific determinants of anaemia in women of 
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reproductive age (237) to achieve the WHO goal of a 50% reduction of anaemia by 2025. A 

more thorough assessment of anaemia in particular settings is necessary to successfully address 

anaemia at the national or regional levels. Each location will need to identify the most important 

determinant factors and choose the best prevention methods accordingly. Thus, this thesis 

intends to identify contextual and individual predictors of anaemia among women in Ethiopia 

and provide evidence for the proper action and setting of local intervention programs. In this 

thesis, various methods are used: systematic reviews of literature, in-depth analysis of large-

scale population-based datasets and a case–control study using primary data. 

2.6 Aims of the thesis 

The general aim of the thesis was to assess the effect of dietary patterns on maternal morbidity 

(anaemia and HDPs) in the resource-limited setting of Ethiopia. Specific aims were: 

Aim 1: To assess the effect of dietary patterns on adverse pregnancy (HDPs and GDM) and 

birth (PTB and LBW) outcomes at a global level (Chapter 4) 

Aim 2: To assess the spatial distribution and determinant factors of anaemia among women in 

Ethiopia (Chapters 5 & 6) 

Objective 1: To assess the spatial distribution of anaemia among women in Ethiopia 

Objective 2: To identify the determinant factors of anaemia among women in Ethiopia 

Objective 3: To estimate the PAF for factors associated with different types of anaemia 

among women in Ethiopia. 

Aim 3: To assess the effect of dietary patterns on the risk of maternal anaemia and HDPs in 

the low-resource setting of Ethiopia (Chapters 7 & 8) 

Objective 1: To determine the effects of dietary patterns on maternal anaemia in North 

Shewa, Ethiopia 

Objective 2: To assess the effect of dietary patterns on HDPs in North Shewa, Ethiopia. 
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Chapter 3: Research methods 

In this chapter, a detailed description of the methods used in this thesis is presented in three 

sections. The first section starts with a description of the methods used in Chapter 4 to meet 

Aim 1 (a systematic review and meta-analysis). The second section describes the methods used 

in Chapters 5 and 6 to address Aim 2 (spatial and multilevel analysis). Finally, the third section 

describes the methods used in Chapters 7 and 8 to address Aim 3 (case-control studies). The 

methods described for each section include the study design, study population, sampling 

method and size determination, data collection procedures, analytical methods and ethical 

considerations. 

3.1 Systematic review and meta-analysis 

A systematic review with meta-analysis was conducted to assess the effects of dietary patterns 

on adverse pregnancy (HDPs and GDM) and birth (PTB and LBW) outcomes using global 

evidence (Chapter 4). The primary research aim was to assess the effect of dietary patterns on 

pregnancy outcomes. A detailed description of this systematic review method is presented 

below. 

3.1.1 Search strategy 

Seven databases were searched, including MEDLINE, Embase, CINAHL (Cumulative Index 

to Nursing and Allied Health Literature), Scopus, the Cochrane Library, Web of Science, and 

Maternity and Infant Care. The reference lists of relevant articles were then individually 

searched. 

The following query was used to search the databases: 

diet OR nutrition OR “food pattern” OR “meal pattern” OR “eating practice” OR “food 

intake” OR “food habits” OR “eating behaviour” OR “dietary pattern” OR “dietary 

diversity score” AND “pregnancy” OR “pregnant women” OR “gravid” OR “gestation” 

OR “prenatal care” OR “antenatal care” AND “gestational hypertension” OR 

“pregnancy-induced hypertension” OR “preeclampsia” OR “pre-eclampsia” OR 

“LBW” OR “premature infant” OR “premature birth” OR “PTB” OR “pregnancy in 

diabetics” OR “gestational diabetes mellitus”. 
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The search comprised a free-text word search; a search for terms in the title and Medical 

Subject Headings for outcomes, exposure and participants; limited to English language and 

human subjects. 

3.1.2 Study selection and data extraction 

 Study selection 

The studies were screened by title and abstract by two reviewers. The full texts of all selected 

studies were critically reviewed based on the following inclusion criteria: pregnant women, 

original articles (randomised trials and observational studies (case-control, cohort and cross-

sectional studies)) and dietary pattern as the exposure variable. There were no date restrictions, 

and they also needed to include one or more of the following outcome variables: HDPs, GDM, 

LBW and PTB. Animal studies, qualitative studies, brief communications, case series, 

editorials, review studies and studies focusing on single nutrients were excluded. 

 Data extraction 

The following variables were extracted: authors, publication year, study period, study design, 

settings/country, population sample, dietary pattern with food details, dietary assessment 

methods and periods, main outcomes (HDPs, GDM, LBW and PTB) and adjustment for 

confounders. Theses variables were extracted by two independent reviewers and disagreement 

was solved through discussion.  

3.1.3 Quality assessments 

The quality of the selected full-text articles was assessed by two reviewers independently using 

the Academy of Nutrition and Dietetics’ quality appraisal tool (238). This tool has four 

relevance questions and 10 validity questions. The validity questions appraise the selection, 

comparability of groups, assessment of exposures or outcomes, and the statistical analysis for 

each study separately (238). The validity of a study is only assessed if the responses to all four 

relevance questions were ‘Yes’. The response for validity questions was ‘Yes’ if the criterion 

was fulfilled, ‘No’ if not fulfilled, ‘Unclear’ if not precisely stated and ‘N/A’ (not applicable) 

if the criterion did not apply to the article (238). The rating scores of studies were positive (+) 

if the responses to the validity questions were ‘Yes’ for six or more responses (including all 

four relevance questions). If an article did not fulfil the relevance criterion of selection, 

comparability of groups, or measurement of exposures or outcomes, then the rating score was 

neutral (ф). If the responses for the validity questions were ‘ No’ or ‘Unclear’ for six or more 

responses, then a negative (–) rating score was given (238). 
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3.1.4 Statistical analysis 

The data were entered into a spreadsheet in Microsoft Excel (version 16) and exported to Stata 

(version 13) for analysis. The odds ratio (OR) was used as a measure of the effect estimate. If 

an incidence of the outcome variable was less than or equal to 20%, the risk ratio (RR) and 

odds ratio were pooled together in the meta-analysis; otherwise, the risk ratio was converted to 

an odds ratio using the proposed methods of Zhang and Yu (239) and Cochrane (240). If the 

studies did not report odds/risk ratios but reported the coefficient (β) of the regression, they 

were converted into odds/risk ratios by exponentiation of coefficients (i.e., OR = exp[β]) (241). 

Some articles reported odds/risk ratios based on different reference groups. Some used lower 

adherence to dietary patterns, and some used good adherence. To make this consistent and 

unify all results using either the higher or lower group as reference, the new odds/risk ratio was 

calculated by taking the reciprocal of the reported odds/risk ratio. The lower limit of the new 

odds/risk ratio is the reciprocal of the upper limit of the old odds/risk ratio and the upper limit 

of the new odds/risk ratio is the reciprocal of the lower limit of the old odds/risk ratio (242). 

The random-effects model was used for calculating pooled estimates. Statistical heterogeneity 

was evaluated by Cochran’s Q test (I2), which shows the amount of heterogeneity between 

studies. An I2 value reflects between-study variation (values of 25%, 50% and 75% refer to 

low, medium and high variation, respectively) (243). 

A sub-group analysis was conducted to detect a potential source of heterogeneity. The possible 

effects of the between-study variance of dietary assessment methods (DDS, Mediterranean diet 

score [MDS] and PCA) and dietary assessment period/trimesters (first trimester [1st–12th 

week], second trimester [13th–27th week] or third trimester [28th–40th week]) were assessed. 

Dietary patterns detected in each study differed regarding the country of origin and the 

approaches used for identifying dietary patterns; however, they had similarities among 

commonly consumed food items. For instance, most articles identified the ‘prudent’, 

traditional, Mediterranean or healthy dietary pattern, which commonly consists of whole 

grains, nuts, legumes/pulses, vegetables/fruits and fish. These studies were grouped together 

and analysed by labelling them as ‘healthy dietary pattern’. 

Similarly, the patterns that were mostly composed of refined grains, processed meats or snacks, 

high-sugar and high-fat dairy products, eggs and white potatoes were grouped together, 

labelled as the ‘Western dietary pattern’ and then analysed. 

https://en.wikipedia.org/wiki/Eggs
https://en.wikipedia.org/wiki/Potatoes
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Using the available articles, pooled estimates were determined for the effect of the healthy 

pattern on HDPs, GDM, PTB and LBW. Likewise, a meta-analysis was performed for the 

Western dietary pattern and HDPs, GDM and PTB. 

3.2 Spatial and multilevel studies 

Spatial and multilevel analysis was used to meet Aim 2, which focuses on assessing the spatial 

distribution and determinant factors of anaemia among women in Ethiopia and has the 

following three objectives: 

Objective 1: To assess the spatial distribution of anaemia among women in Ethiopia 

           Objective 2: To identify the determinant factors of anaemia among women in Ethiopia 

Objective 3: To assess the PAF estimates for factors associated with different types of 

anaemia among women in Ethiopia. 

3.2.1 Study design and setting 

To address Aim 2, an in-depth analysis of the 2016 EDHS data was conducted. EDHS 2016 

was a large-scale population-based cross-sectional study conducted across Ethiopia. It was the 

fourth national survey conducted in all parts of Ethiopia: in nine regional states (Tigray; Afar; 

Amhara; Oromia; Somali; Benishangul-Gumuz; SNNP’s Region; Gambella; and Harari) and 

two city administrations (Addis Ababa and Dire Dawa) (48). The EDHS was collected through 

interviewer-administered questionnaires, which were prepared in English and then translated 

into local languages (Amharic, Tigrigna and Oromifa). The EDHS aimed to produce up-to-date 

information on key demographic and health indicators and provide a wide-ranging overview 

of population, maternal and child health issues in Ethiopia. The survey target groups were 

women aged 15–49 years and men aged 15–59 years in randomly selected households across 

Ethiopia. Comprehensive information was collected from the participants, such as background 

characteristics (age, educational status, marital status and occupation), fertility, family 

planning, pregnancy care, child feeding practices, nutritional status, and adult and childhood 

mortality. The EDHS was executed by the Central Statistical Agency in cooperation with the 

Ministry of Health and the Ethiopian Public Health Institute with technical support from ICF 

International. 
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3.2.2 Sampling and measurements 

 Sampling 

In the 2016 EDHS, stratified and cluster multistage sampling was used, and it was intended to 

be representative at the regional and national level in terms of appropriate demographic and 

health indicators. Each region was stratified into rural and urban areas, resulting in 21 strata. 

Samples of EAs were selected independently in each stratum in two stages. In the first stage, 

645 clusters of enumeration areas (EAs; 202 urban and 443 rural) were identified using 

probability proportional to the size of EAs. In the second stage, all households from September 

to December 2015 within each EA were listed and then 28 households from each cluster or EA 

were selected, which resulted in a random sample of 18,008 households. Of this, 16,650 were 

successfully interviewed, reflecting a response rate of 98%. In the interviewed households, 

16,583 eligible women were identified for individual interviews. A total of 15,683 women aged 

15–49 years were interviewed, and Hgb levels were measured for 14,923 of them (48). Data 

collection took place from 18 January to 27 June 2016. The data was collected by trained data 

collectors. Detailed training was given for data collectors on interviewing techniques and field 

procedures, questionnaire content, mock interviews between participants in the classroom, and 

practice interviews with real respondents in areas outside the survey sample. 

The sample size for the EDHS was determined based on the multistage sampling procedure 

and took into consideration sampling variation. Standard errors were computed using the 

Taylor linearization method. The design effect, which is the ratio between the standard error 

with the given sample design and the standard error that would result if a simple random sample 

had been used, was determined. The value of the design effect, averaged over all variables, was 

1.99. This meant that, because of multistage clustering of the sample, the average standard error 

was increased by a factor of 1.99 beyond that of an equivalent simple random sample (48). 

 Measurements 

3.2.2.2.1 Dependent variables 

Hgb levels of the women were measured using HemoCue, which is suitable for resource-poor 

settings (244) and was used as the standard test in the 2016 EDHS (48). All Hgb values were 

adjusted for both altitude and smoking status (48). Pregnant women with a Hgb value < 11 g/dL 

and non-pregnant women with a Hgb value < 12 g/dL were considered anaemic (62). 

Furthermore, anaemia was classified according to its severity as severe (Hgb < 7 g/dL), 
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moderate (Hgb 7.0–9.9 g/dL) and mild (Hgb 10.0–10.9 g/dL in pregnant women and 10.0–

11.9 g/dL in non-pregnant women) (62). 

3.2.2.2.2 Explanatory variables (determinant factors) 

Different variables were extracted from the EDHS dataset for this study. These included factors 

relating to sociodemographic, health services and reproduction. Wealth index measures the 

economic status and was computed using variables related to household assets, size of 

agricultural land and the quantity of livestock and housing construction materials. PCA was 

used to compute wealth index and was categorised into quintiles (poorest, poorer, middle, 

richer and richest). For this analysis, the independent factors were grouped into individual- and 

community-level factors. The individual- and community-level factors included in this study 

are presented in Table 3.1 with their definition and category. The variables were selected based 

on the literature review for factors affecting anaemia (46, 66, 113, 114); sociodemographic, 

maternal and community-level factors were identified as important factors for the occurrence 

of anaemia. Therefore, the variables available in the dataset were included in the analysis. 

Individual factors included age, religion, marital status, educational status, birth interval, use 

of contraceptives, wealth index, family size, iron/folate intake and gravidity of women. 

Community-level factors were residence (urban, rural), region, water source and latrine facility 

type. Community-level measures could also be derived by aggregating individual-level 

variables: for example, the proportion of women in the community who were in the top quintile 

of wealth index and the proportion of women in the community who had clean water access. 

Community-level factors describe the group of populations living in similar settings. 

The assumption of independence of observation was taken as a basis to determine which 

variables were analysed at the individual and community levels. If the observations at the 

individual level were independent, variables were treated as individual-level factors. However, 

if the observations were clustered into higher levels of units, and if several women had shared 

features (such as place of residence, types of water source, latrine facility and region) that could 

have the same effect on anaemia among women in the locality, then variables were analysed at 

the community level. 

Table 3.1 Variables identified for this study with coding. 

Variable  Categories Recoding  

Age  1 = 15–19; 2 = 20–29; 3 = 30–
39; 4 = 40–49 
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Variable  Categories Recoding  

Region 1 = Tigray; 2 = Afar; 3 = 
Amhara; 4 = Oromia; 5 = 
Somali; 6 = Benishangul-
Gumuz; 7 = SNNP; 8 = 
Gambella; 9 = Harari; 10 = 
Addis Ababa; 11 = Dire Dawa 

 Same as EDHS dataset 

Area of residence  1 = Urban; 2 = Rural Same as EDHS dataset 

Education level 1 = No education; 2 = Primary; 3 
= Secondary; 4 = Higher 

Same as EDHS dataset 

Source of drinking water 10 = Piped water; 11 = Piped 
into dwelling; 12 = Piped to 
yard/plot; 13 = Piped to 
neighbour; 14 = Public 
tap/standpipe; 20 = Tube well 
water; 21 = Tube well or 
borehole; 30 = Dug well 
(open/protected); 31 = Protected 
well; 32 = Unprotected well; 40 
= Surface water; 41 = Protected 
spring; 42 = Unprotected spring; 
43 = 
River/dam/lake/pond/stream/can
al/irrigation channel; 51 = 
Rainwater; 61 = Tanker truck; 62 
= cart with small tank; 71 = 
Bottled water; 96 = Other; 97 = 
Not dejure resident. 

1 = Piped water; 2 = Other 
improved (public taps, 
standpipes, tube wells, 
boreholes, protected dug wells 
and springs, rainwater, bottled 
water); 3 = Unimproved (river, 
pond, unprotected spring and 
well) 

Type of toilet facility 10 = Flush toilet; 11 = Flush to 
piped sewer system; 12 = Flush 
to septic tank; 13 = Flush to pit 
latrine; 14 = Flush to somewhere 
else; 15 = Flush, don’t know 
where; 20 = Pit toilet latrine; 21 
= Ventilated improved pit 
latrine; 22 = Pit latrine with slab; 
23 = Pit latrine without 
slab/open pit; 30 = No facility 31 
= No facility/bush/field; 41 = 
Composting toilet; 42 = Bucket 
toilet; 43 = Hanging 
toilet/latrine; 96 = Other; 97 = 
Not dejure resident 

1 = Improved (flush/pour flush 
toilets to piped sewer systems, 
septic tanks, and pit latrines; 
ventilated improved pit latrines; 
pit latrines with slabs; and 
composting toilets); 2 = 
Unimproved; 3 = Open 
defecation; 4 = Others 

Religion 1 = Orthodox; 2 = Catholic; 3 = 
Protestant 4 = Muslim; 5 = 
Traditional; 96 = Other 

1 = Orthodox; 2 = Protestant; 3 
= Muslim; 4 = Others (Catholic, 
Traditional, Other) 

Ethnicity 1 = Amhara; 2 = Oromo; 3 = 
Tigray; 4 = Somali; 5 = Sidama; 
6 = Gurage; 7 = Welayta; 8 = 
Hadya; 9 = Other 

1 = Amhara; 2 = Oromo; 3 = 
Tigray; 4 = Somali; 5 = Sidama; 
6 = Gurage; 7 = Welayta; 8 = 
Hadya; 9 = Other  
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Variable  Categories Recoding  

Wealth index  1 = Poorest; 2 = Poorer; 3 = 
Middle; 4 = Richer; 5 = Richest 

Same as EDHS dataset 

Preceding birth interval (for 
youngest child - for youngest 
child), no interval for a first birth 

 

1 = <24 months; 2 = ≥24 months  

Total children ever born  1 = 0; 2 = 1–3; 3 = 4+ 

Births in the past year (number 
of births in the past 12 months [0 
to 11] prior to the month of 
interview) 

 

1 = 0; 2 = 1–2 

Currently pregnant 0 = No or unsure; 1 = Yes Same as EDHS dataset 

Ever had a terminated pregnancy 
(miscarriage, abortion or 
stillbirth) 1 = Yes; 2 = No Same as EDHS dataset 

Births in the last three years (0 
to 35 months prior to the month 
of interview) 1 = Yes; 2 = No 1 = Yes; 2 = No 

Current contraceptive use 1 = Yes; 2 = No 1 = Yes; 2 = No 

Haemoglobin level adjusted for 
altitude and smoking  (g/dL to one decimal) 

Anaemia  1 = Severe; 2 = Moderate; 3 = 
Mild; 4 = Non-anaemic 

1 = Anaemic ( <11.9 g/dL]); 2 = 
Non-Anaemic 

BMI  1 = <18.5; 2 = 18.5–24.9; 3 = 
≥25 

Smoking  1 = Yes; 2 = No Same as EDHS dataset 

Current marital status 0 = Never in union; 1 = 
Married ; 2 = Living with 
partner; 3 = Widowed ; 4 = 
Divorced; 5 = Separated  

1 = Single; 2 = Married/Living 
with partner; 3 = 
Divorced/Widowed/Separated 

During pregnancy, given or 
bought iron tablets/syrup for 
most recent pregnancy 

0 = No; 1 = Yes; 3 = I don’t 
know Same as EDHS dataset 

Drugs for intestinal parasites 
during pregnancy 

0 = No; 1 = Yes; 3 = I don’t 
know 

Same as EDHS dataset 0 = No; 1 
= Yes; 3 = I don’t know 

Currently breastfeeding 0 = No; 1 = Yes Same as EDHS dataset 

Respondent’s occupation 
(grouped) 0 = No; 1 = Yes 1 = Working; 2 = Not working  

Have you ever chewed khat 0 = No; 1 = Yes  Same as EDHS dataset 
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Variable  Categories Recoding  

Have you ever taken a drink that 
contains alcohol 0 = No; 1 = Yes Same as EDHS dataset 

HIV test  1 = Positive; 2 = Negative Same as EDHS dataset 

Note. SNNP = Southern Nations, Nationalities and People; BMI = body mass index; HIV = human 

immunodeficiency virus. 

3.2.3 Data analysis 

 Spatial analysis (to assess the spatial distribution and determinant factors of 

anaemia among women in Ethiopia) 

For Aim 2, Objective 1, a spatial analysis was performed to identify the clustering of anaemia 

in women or hotspot areas (the areas that have higher anaemia prevalence rates compared to 

the national average) in different regions of Ethiopia. Spatial analysis is an epidemiological 

method useful for specifying geographical areas with high or low rates of disease occurrence 

and its variability over the region or country (245). Spatial analyses were performed using 

GeoDa version 1.8.10 (geodacenter.github.io), QGIS version 2.18.0 (qgis.org) and ArcGIS 

version 10.1 (arcgis.com) with base files of the administrative regions for Ethiopia obtained 

from DIVA-GIS (diva-gis.org). The spatial analysis was conducted by joining the occurrence 

of anaemia in each cluster (as a proportion) to the corresponding geospatial location (survey 

cluster values). The values of the EDHS dataset were merged with the GPS (global positioning 

system) dataset in GeoDa using the cluster-ID, which is common in both EDHS and GPS 

datasets. The values were then imported into QGIS and anaemia proportions were computed at 

lower (cluster), zonal and regional levels. 

The spatial pattern of the rate of anaemia among women of reproductive age was visualised 

and a spatially smoothed proportion was obtained through empirical Bayes estimation methods 

(246). The smoothed proportions presented clearer patterns: that is, where the problem was 

most severe. The spatial empirical Bayes ‘smooth’ estimates technique was able to deal with 

spatial heterogeneity. The estimation technique guarantees that estimates of neighbouring 

states are more alike than estimates of states that are further away (247). 

A standardised prevalence rate, or the ratio of the observed prevalence rate to a national 

prevalence rate, was determined using GeoDa (247). GeoDa implements this in the form of an 

excess risk estimate as part of the map. The excess risk rate is the ratio of the observed rate to 

the average rate computed for all the data (247). 
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Furthermore, a spatial analysis was performed to identify the clustering of anaemia in women 

or hotspot areas (the areas that have higher anaemia prevalence rates compared to the national 

average) in different regions of Ethiopia. Spatial analysis is an epidemiological method useful 

for identifying geographic areas with high or low rates of disease occurrence and variability 

over the region or country (245). The Getis-Ord Gi* statistic was used for this spatial analysis. 

Local Getis-Ord Gi* statistics (248) were important for identifying the hot and cold spot areas 

for anaemia in women of reproductive age using GPS latitude and longitude coordinate 

readings, which were taken at the nearest community centre for EAs or 2016 EDHS clusters 

(48). An anaemia hotspot refers to the occurrence of high prevalence rates of anaemia clustered 

together on the map, whereas cold spot refers to the occurrence of low prevalence rates of 

anaemia clustered together on the map (248). 

A local Getis-Ord Gi* statistic tool in ArcGIS was used to calculate the spatial variability of 

high and low prevalence rates of anaemia among women of reproductive age. Autocorrelation 

can be classified into positive and negative correlation through local Getis-Ord Gi* statistics 

(248). Positive autocorrelation occurs when similar values are clustered together on a map 

(high rates surrounded by nearby high rates or low rates surrounded by nearby low rates). 

Negative autocorrelation indicates different values are clustered together on a map: that is, high 

values surrounded by nearby low values or low values surrounded by nearby high values. 

Statistical significance of autocorrelation was determined by z scores and p values with a 95% 

level of confidence. The distribution of and variations in anaemia prevalence rates among 

women across the country were displayed on the map. 

 Statistical analysis 

3.2.3.2.1 Aim 2, Objective 2 (to identify the determinant factors for anaemia among 

women in Ethiopia) 

For Aim 2, Objective 2 a multilevel logistics regression model was used to determine the effect 

of different factors on anaemia in women. The descriptive statistical analysis was performed 

using SPSS version 24.0 (spss.com) and complex sample analysis. Frequencies, percentages 

and standard deviations were used for the descriptive analysis. Since some regions with small 

populations were over-sampled, while others with large populations were under-represented, 

the weighted frequencies and percentages (based on the population sizes of each region) were 

computed as a correction. The detailed weighting procedure is described in the 2016 EDHS 

report (48). The mean and standard deviation were computed for blood Hgb level. The mean 

http://www.spss.com/
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Hgb value was also compared across different independent categorical variables using one-

way analysis of variance (ANOVA). 

The multivariable multilevel logistic regression model was used to determine the effects of 

different factors on anaemia among women. The analysis was performed using SAS version 

9.4 (SAS, North Carolina State University, sas.com) using PROC GLIMMIX with Laplace’s 

method. For this multilevel analysis, four models were constructed. The first model was 

constructed without independent variables to assess the effect of community variation on 

anaemia among women. The second model incorporated individual-level factors. The third 

model included community-level factors. Finally, the fourth model included both individual- 

and community-level factors. 

The results of fixed effects analysis were presented as odds ratios with 95% confidence 

intervals. An adjusted odds ratio (AOR) with 95% confidence intervals was computed to 

identify the independent factors of anaemia among women and a p < 0.05 was used as a 

measure of statistical significance. A multicollinearity test was performed to rule out a 

significant correlation between variables. If values of the variance inflation factor (VIF) were 

lower than 10, then the collinearity problem was considered less likely. Random effects 

(variation of effects) were measured with the intra-cluster correlation coefficient (ICC; 

variance partition coefficient) (249), the percentage change in variance (PCV) (250) and 

median odds ratio (MOR) (249, 251), which measured the variability between clusters in 

multilevel models. The ICC explains the cluster variability, while the MOR can quantify 

unexplained cluster variability (heterogeneity). The MOR translates cluster variance into an 

odds ratio scale. In the multilevel model, the PCV can measure the total variation due to factors 

at the community and individual levels (250). The ICC, PCV and MOR were determined using 

the estimated variance of clusters utilising the following formulas (249, 250): 

ICC = 𝑉

(𝑉 + 
𝜋2

3
)
 and 

MOR = exp√2 × 𝑉 × 0.6745 ~ exp (0.95√𝑉), 

where V is the estimated variance of clusters, and 

PCV = (𝑉𝐴−𝑉𝐵)

𝑉𝐵
 × 100, 

where VA is the variance of the initial model and VB is the variance of the model with more 

terms. 

http://www.sas.com/
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The multilevel analysis model was one of the analysis methods that could correctly handle the 

correlated data (252). A multilevel logistic model has the following advantages over standard 

logistics regression models (252). First, a multilevel model evaluates how factors at different 

levels affect the dependent variable. Second, it provides accurate parameter estimates by 

correcting the biases introduced from clustering. It is more likely to have correlated 

observations within clusters; ignoring clustering would result in incorrect parameter estimates. 

The multilevel model gives correct standard errors and therefore correct confidence intervals 

and significance values. 

In traditional binary logistic regression models, the assumption of independence of observation 

is violated if the observations are clustered into higher levels of units. The clustering of data 

should be taken into consideration in the analysis of the EDHS data, due to the fact that, in a 

single household, several women could be selected for the survey, and these women may have 

similar characteristics. Similarly, households in the same environment locality have shared 

features—like sociocultural factors, types of harvests, types of water sources, and 

socioeconomic and housing factors—which could have the same effects on maternal anaemia 

in the locality. In clustered data, basic assumptions like the same variance through clusters and 

independent observation among individuals within the same locality/cluster are violated. Thus, 

such problems should be handled by applying appropriate statistical analysis methods. The 

multilevel analysis model was one such analytical method that could correctly handle the 

aforementioned problems by taking into consideration the correlated data. 

3.2.3.2.2 Aim 2, Objective 3 (to assess the PAF estimates for factors associated with 

different types of anaemia among women in Ethiopia) 

The distribution of respondents’ characteristics was analysed using Stata version 14 

(stata.com). The complex sample analysis method was used for this analysis (253, 254), which 

takes into consideration the Demographic and Health Surveys (255) complex sampling design 

by incorporating sampling frame information (primary sampling units and strata) and weights 

in all analyses presented as percentages with 95% confidence intervals. Individual weights 

were used for descriptive statistics in this study. The prevalence rate of anaemia (any, mild and 

moderate-severe) was analysed by different factors such as residence, educational status, age, 

wealth index and gravidity. 

Given the hierarchical structure of the sample, a multivariable multilevel logistic modelling 

approach was used to assess the association between different factors and anaemia among 

http://www.stata.com/
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women in Ethiopia. Similarly, to identify independent predictors associated with different 

levels of anaemia (mild and moderate-severe), multilevel multinomial logistic regression 

models were used. The AOR with 95% confidence intervals were computed to identify the 

independent factors for different levels of anaemia, using a multilevel generalised structural 

equation model (GSEM) (256). GSEM allows for the fit of complex models and takes into 

consideration the hierarchical structure of the data (257). Many regression models are a special 

case of GSEM (257). 

A p < 0.05 was used as a measure of statistical significance in the final model. The analysis 

was performed by using Stata version 14 (Stata Corp, College Station, TX, USA, stata.com). 

PAFs were estimated to assess the contribution of each factor to the occurrence of anaemia 

(any, mild, moderate-severe) among women. PAFs were estimated by using AORs from the 

multivariable logistic regression for each variable that was significantly associated with 

anaemia (any, mild, moderate-severe). The idea of estimating attributable fractions using 

logistic regression analysis was initiated by Bruzzi et al. (258), developed by Eide and Gefeller 

(259) and was practically operationalised by Rückinger and colleagues (260). Ideally, the risk 

ratio would be used for PAFs; however, the odds ratio calculated from cross-sectional and case-

control studies can also be used to compute PAFs (261). Thus, in this study, the odds ratio was 

used to estimate the PAFs because the EDHS was a cross-sectional study and the odds ratio 

was calculated using logistic regression. 

The PAFs were calculated using the following formula (262): 

𝑃𝐴𝐹 =
𝑝(𝐴𝑂𝑅 – 1)

𝐴𝑂𝑅
, 

where p is the proportion of women with factors among cases (i.e., ratio of exposed cases 

relative to a total number of cases) and AOR, the adjusted odds ratio, is the association between 

factors and anaemia. 

PAF is an important tool for measuring the impact of factors in the population. PAFs offer 

estimates of the proportion of anaemia cases that could be prevented if a particular factor were 

eliminated or at least reduced in the population. The PAF takes into consideration the strength 

of the association between factors and the outcome of interest, and the prevalence of the factors 

in the population (115). Thus, a high association between a disease and a factor might have a 

low population impact if the factor is rare. Conversely, a low association between a disease and 

a factor may have a high impact on public health if the factor is common (263). In this sense, 

http://www.stata.com/
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the PAF is important for understanding the public health impact of factors in the population 

and can assist in prioritising public health intervention strategies (116). PAFs are useful for 

indicating where preventive efforts should be focused to achieve the greatest potential 

reductions in anaemia cases (261). 

3.2.4 Ethics considerations 

Publicly available 2016 EDHS data were used for this study. The 2016 EDHS was approved 

by the National Research Ethics Review Committee of Ethiopia (Ref. No. 310/114/2016; see 

Appendix 1) and ICF Macro International (see Appendix 2). Informed consent was given by 

each participant and all identifiers were removed. Monitoring and Evaluation to Assess and 

Use Results Demographic and Health Surveys (MEASURE DHS) approval was obtained to 

use the 2016 EDHS for this analysis. This study was also approved by the University of 

Newcastle Human Research Ethics Committee (Ref. No. H-2018-0045; see Appendix 3). 

3.3 Case-control studies 

The cases control studies were conducted to address Aim 3: To assess the effect of dietary 

patterns on the risk of maternal anaemia and HDPs in the low-resource setting of Ethiopia, and 

has the following objectives 

Objective 1: To determine the association between dietary patterns and maternal 

anaemia in North Shewa, Ethiopia. 

Objective 2: To assess the association between dietary patterns and HDPs in North 

Shewa, Ethiopia. 

3.3.1 Study area and periods 

A case-control study was conducted in five selected health facilities in North Shewa, Ethiopia, 

from November 2018 to March 2019. North Shewa Zone is one of the administrative areas of 

the Amhara region. According to the 2007 census, this zone has a population of 1,837,490, of 

whom 51% (n = 928,694) are men and 49% (n = 908,796) are women. It has an area of 

15,936.13 square kilometres, and around 12% of the population are urban inhabitants. In this 

zone, the Amhara are the largest ethnic group (96%); 97% of people speak Amharic as a first 

language and 95% of the population are Ethiopian Orthodox Christians. This zone is 

subdivided into districts and each district has more than 10 kebeles (the lowest administrative 

unit). The zone has six district primary hospitals, one zonal referral hospital and 95 health 
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centres. In each district, there is at least one health centre, each of which is expected to provide 

services to more than 25,000 people. 

3.3.2 Study design 

A case-control study was used to assess the effect of dietary patterns on maternal morbidity 

(HDPs and anaemia) in five selected health facilities in North Shewa Zone, Ethiopia. 

Participants were recruited for approximately four months during their ANC visits from each 

selected health facility. ANC services are universal across Ethiopia and available at the lower 

level health services. In Ethiopia, pregnant women expect to receive four or more ANC visits, 

with 62% of women receiving at least one ANC visit in 2016 (48). For Aim 3, Objective 1, the 

cases were all pregnant women with a Hgb level < 11 g/dL, and the controls were women with 

a Hgb value ≥ 11.0 g/dL. For Aim 3, Objective 2, the cases were pregnant women who had 

gestational hypertension (blood pressure ≥ 140/90 mmHg), and the controls were pregnant 

women who were normotensive during their pregnancy. In both studies, for each identified 

case, three healthy controls were selected from each health facility and there may have been 

overlaps.  

3.3.3 Source and study population 

The study population included all pregnant women who had attended ANC follow-up in one 

of the five selected health facilities, had laboratory measurements and had provided informed 

consent during the study period (November 2018 to March 2019). Women who were unable to 

hear or speak, with multiple pregnancies, who were lactating, had a mental illness, were 

severely ill with medical problems like cardiovascular or renal diseases, or unwilling to 

participate were not included in the study. 

3.3.4 Sampling method and sample size determination 

Five health facilities were purposely selected for this study. A sample size quota was allocated 

to each health facility proportional to the average number of ANC visits for the preceding 3 

months (August–October 2018). Participants were recruited from each health facility until the 

allotted quota was filled. The participants who fulfilled the inclusion criteria from each health 

facility were invited to take part in the study. Participants were invited and given an information 

statement while they were in the waiting room/area. At the conclusion of their ANC 

appointment, they were provided with an opportunity to ask questions of the data collector to 

clarify any questions about the project. At this time, if their queries had been satisfied, they 

were asked if they would consent to take part in the project. Participants only consented to the 
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project after they had been provided with the information statement, been able to ask questions 

to clarify their role in the project, and the data collector was sure they had fully understood 

their involvement in the study. Participation was completely voluntary and no incentives were 

not provided to the participants.  

The sample size was calculated using different factors of anaemia and HDPs obtained from 

previous studies. We then selected the factors (intestinal parasite and age>35) that produced a 

maximum sample size. To determine the optimal sample size, studies were selected by taking 

into consideration the following points: recently conducted studies, comparable population and 

study setting, and well-conducted studies (adequate sample size with low non-responses rates 

and appropriate statistical analysis with control for confounders) (see Table 3.2). For Objective 

1, the sample size was calculated using the following parameters: intestinal parasite as the 

exposure variable, 5% significance level, a power level of 80%, a 1:3 ratio of cases to controls 

and using the double proportion formula (264). Using a 5% contingency level, the final sample 

size was 418 women (105 cases and 313 controls). For Objective 2, the sample size was 

calculated using the following parameters: age > 35 years as the exposure variable, 5% 

significance level, a power level of 80%, a 1:3 ratio of cases to controls applying the double 

proportion formula (264) and using OpenEpi version 3.01 (openepi.com). Using a 5% 

contingency level for non-response, the final sample size was 314 women (79 cases and 235 

controls). 

Table 3.2 Sample size determination using different exposure variables. 

 Proportion of exposure (%) Sample size (n) 
Exposure variable (references) Cases Controls Cases Controls Total 

Anaemia as cases 

Intestinal parasite detected* (114) 42 58 100 298 398 
No education (113) 44 27 82 246 328 
Rural residence (113)  42 58 100 298 398 
No iron supplementation (113) 40 59 75 224 299 
HIV  39 61 64 162 216 

HDPs as cases 

Anaemia  (125) 13 2.3 44 132 176 
Age > 35 years$ (162)  10 2.4 75 224 299 
Multigravida (265)  31 69 18 52 70 

Note. HIV = human immunodeficiency virus; HDPs = hypertensive disorders of pregnancy. 

*Sample size for Objective 2. 
$Sample size for Objective 1. 
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3.3.5 Data collection procedures and measurements 

 Data collection procedures 

The data were collected using an interviewer-administered questionnaire, anthropometry and a 

record review of laboratory measurements. Five data collectors were involved in the study. 

Data collectors had at least a diploma or bachelor’s degree in health sciences (public health, 

nursing and midwifery) and at least one year of work experience at healthcare facilit ies. 

The training was provided to the data collectors about the research project and the specific 

details of the methods to conduct the research and data collection procedures, including 

participants’ enrolment and obtaining consent. Detailed training was also provided to the data 

collectors on the method related to the questionnaires of the study. The principal investigator 

(KT), continuously supervised and assisted the data collectors, including giving directions on 

how to handle participants, giving clarifications and ensuring that all activities of the data 

collection process were followed. 

The questionnaire was adapted from the FAO/WHO survey, the 2016 EDHS (48, 224) and by 

reviewing relevant literature (58-60). The questionnaire comprised five sections (see Appendix 

4). The first section assessed the respondents’ sociodemographic characteristics: age, religion, 

occupation, ethnicity, educational status, marital status, place of residence, income, main water 

source and toilet facilities available in their household. The second section evaluated maternal 

characteristics, including gravidity/parity, birth interval, stillbirths, ANC visits, 

nausea/vomiting and alcohol intake. The third section addressed maternal feeding 

habits/practices, including varying food intake, avoidance of foods, pica practices (ingestion of 

non-nutritive substances), meal frequency, eating patterns and use of supplements including 

iron/folate or consumption of de-worming tablets. The fourth section of the questionnaire was 

designed to examine the dietary intake of study participants. Dietary intake of participants was 

assessed through the administration of a 24-hour recall food questionnaire, adapted from the 

FAO and 2016 EDHS (48, 224). Participants were requested to recall all the foods they had 

consumed in the preceding 24 hours. This was done initially and spontaneously by the 

participant and then through probing questions from the interviewer regarding all foods 

consumed. The final section of the questionnaire included measurements of maternal 

anthropometry (height, mid-upper arm circumference [MUAC], weight, gestational age and 

blood pressure) and a record review of laboratory measurements (Hgb level, urine protein and 

stool examination). 
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The questionnaire was prepared in English (see Appendix 4) and translated into Amharic, the 

local language (see Appendix 5) and then re-translated back to English to ensure consistency. 

Pre-testing was then undertaken to ensure the face validity of the questionnaire. The training 

was provided to all data collectors, and the overall activity of the study was closely monitored 

at each health facility. Data quality was assured through continuous supervision and by using 

data collection tools adapted from validated measures/sources. All completed questionnaires 

were examined for completeness and consistency during data collection, and the data were 

cleaned before analysis. 

 Data measurements 

The Hgb levels of participants, which were routinely measured during ANC follow-ups to 

determine the anaemia status of pregnant women, were taken from ANC registries. A Hgb level 

below 11 g/dL was classified as anaemia (62). The MUAC was measured by using non-

stretchable measuring tapes: two measurements were taken from the relaxed left arm and 

rounded to the nearest 0.1 cm and the average was taken. The MUAC reflects the past and 

current nutritional status of a pregnant woman. MUAC cut-off values below 23 cm (wasting) 

and greater than or equal to 23 cm (normal) were used to classify nutritional status (266). 

Women were instructed to wear light clothing and were weighed without shoes (to the nearest 

100 g) using a mechanical weight scale. The heights of each study participant were also 

measured with shoes off. Height was measured using a Stadiometer to the nearest 0.1cm while 

the participant stood bare-foot. Midwives estimated the gestational age of each participant 

using the last menstrual period method at the ANC visit in the health facility.   

The blood pressures of participants were measured to the nearest 0.5 mmHg by using an arm 

sphygmomanometer after a 10-minute rest. A blood pressure measurement ≤ 140/90 mmHg 

was taken as normal (140 and 90 refer to SBP and DBP, respectively). The urine protein level 

values were taken from the ANC registries. 

3.3.6 Data processing and analysis 

 Descriptive analysis 

The completeness and consistency of each filled questionnaire was checked in the field. 

Similarly, after the data were entered in the computer, the completeness and consistency of the 

data were checked by running the frequencies procedure in SPSS. After the data were cleaned, 

the analysis was conducted using Stata version 14 (stata.com). Descriptive statistics were 

calculated, and the mean Hgb level was computed. The DDS was computed using data from 
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24-hour dietary recall, based on the recommendations of the Food and Nutrition Technical 

Assistance Project (220). Food items and liquids reported in the 24-hour dietary recall were 

categorised into 10 food groups based on WHO/FAO guidelines (220). These food groups were 

the following: 1) Starchy staples (grains, white roots, tubers); 2) Legumes/pulses (beans, peas 

and lentils); 3) Nuts and seeds; 4) Dairy; 5) Meat, poultry and fish; 6) Eggs; 7) Dark green 

leafy vegetables; 8) Vitamin A-rich fruits and vegetables; 9) Other vegetables (tomatoes, 

onions); and 10) Other fruits. Women who ate a single food item from any of these food groups 

earned 1 point. If the participant did not consume a food item within the food group, they would 

receive 0 points for that category. The minimum and maximum DDSs were 0 and 10 points, 

respectively (220). Consumption of at least 5 (minimum threshold) out 10 defined food groups 

by women of reproductive age over the previous 24 hours was calculated which is associated 

with a higher probability of adequacy for 11 micronutrients (220). 

 Propensity score analysis 

Propensity score analysis was performed to adjust for significant differences in baseline 

covariates and to have unbiased estimates. The propensity score (267, 268) is the conditional 

probability of assigning a variable to a particular group (exposed or unexposed) given a set of 

observed covariates. A propensity score is an essential tool for causal inference in non-

experimental studies in which randomisation is impossible and symmetry of 

treatment/exposure groups is unlikely. Propensity score analysis avoids selection or 

confounder bias (269). The propensity score analysis was performed as follows. First, a 

propensity score for each patient was estimated using the logistic regression model, with 

dietary diversity during pregnancy as the endpoint (high coded as 1; low, as 0). The following 

variables were used to estimate the propensity score: age, residence, educational status, marital 

status, occupation, first pregnancy, ANC, nausea and vomiting, gestational age, eating before 

pregnancy, change in food after pregnancy, food avoided, started new food types, meal 

patterns, fasting and craving. The propensity score model was assessed by using the c statistic 

(270) and Hosmer–Lemeshow statistics (271). 

Second, the study subjects were grouped into 10 strata based on the quantiles of population 

propensity scores (272). In propensity score analysis, the sub-classification method uses all 

individuals in the dataset, and it is recommended for settings where the outcome data is already 

available (269). Third, the main concern with propensity score analysis is the balance of the 

covariates in the resulting matched data (269). Thus in this study, the covariate balance between 

two groups (women with low DDS and women with high DDS) was checked using the 
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standardised mean difference (standardised bias) with the ‘pbalchk’ command in Stata (273). 

It is recommended that the absolute standardised differences of means should be less than 0.25 

(274). 

Finally, using the propensity score-matched data, a conditional logistic regression model was 

used to assess the association between maternal DDSs and the outcomes of interest (anaemia 

and HDPs), with adjustment for covariates (275) to control for the remaining minor differences 

in the matched sample (276). 

Bivariate analysis was undertaken to determine the effect of dietary intake and other factors on 

anaemia and HDPs. Crude odds ratios (CORs) with 95% confidence intervals were estimated. 

Multivariable conditional logistic regression was used to identify the independent predictors of 

anaemia. The predictors that had a p < 0.25 in the bivariate logistic regression model were 

entered into a multivariable logistic regression model. The p-value cut off  <0.25 was used to 

identify important variables based on the Hosmer–Lemeshow recommendation (271). This 

multivariable logistic regression can help to adjust for confounders and a p < 0.05 was taken 

as significant. The Hosmer–Lemeshow test was used to check the goodness of model fit, and 

it was non-significant (p = 0.18; p > 0.05 is considered as the best model fit) (271). 

3.3.7 Ethics considerations 

This study was approved by the University of Newcastle Human Research Ethics Committee 

(Ref. No. H-2018-0017; see Appendix 6). Ethics approval was also obtained from Amhara 

Public Health Institute Research Ethics Committee (Ref. No. HRTT 03/163/2018; see 

Appendix 7), and a support letter for the zonal health office (see Appendix 8). The zonal health 

office wrote a support letter to the district health offices (see Appendix 9), who then sent a 

letter of cooperation to health facilities (see Appendix 10). The information statement sheets 

(see Appendices 11 and 12 for English and Amharic, respectively) and consent forms (see 

Appendices 13 and 14 for English and Amharic, respectively) were prepared for health 

facilities, and permission was obtained from each health facility. 

Detailed information (the information statement) was given to each participant containing 

information on the risk/benefits, safety/privacy and confidentiality (see Appendices 15 and 16 

for English and Amharic, respectively). Written consent was then obtained from each 

participant (see Appendices 17 and 18 for English and Amharic, respectively). 
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To protect against undue influence, the recruitment of participants was performed in an exit 

interview by data collectors after they had finished their ANC visit. Confidentiality was assured 

for all the information provided by respondents. To preserve confidentiality, no personal 

identifiers were used in the data collection tool. All recorded data were recognisable only by 

medical record number, and an identification number was used for each participant to avoid 

over-surveying and to correctly track in case of inconsistencies. The data were not used for 

purposes other than this study and have been kept confidential. The results of this thesis 

presented in the next consecutive chapters (4-8).  The results of the systematic review were 

presented in chapter 4. Chapter 5 and 6 contain the result of spatial and multilevel analysis. 

The results of case-control studies were addressed in chapter 7 and 8. 
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Chapter 4: Maternal dietary patterns and risk of adverse pregnancy 

(hypertensive disorder of pregnancy and gestational diabetes mellitus) and 

birth (preterm birth and low birth weight) outcomes—a systematic review 

and meta-analysis 

This study was designed to answer Aim 1 through a detailed analysis of the global literature to 

assess the effect of maternal dietary patterns on the risks of adverse pregnancy (HDPs and 

GDM) and birth (PTB and LBW) outcomes. This chapter was published as an article in Public 

Health Nutrition in October 2018 (see Appendix 19), and it has currently been cited in 20 

publications as of 8 December 2020. 

Kibret KT, Chojenta C, Gresham E, Teketo TK, Loxton D. Maternal dietary patterns 

and risk of adverse pregnancy (hypertensive disorders of pregnancy and gestational 

diabetes mellitus) and birth (preterm birth and low birth weight) outcomes: a systematic 

review and meta-analysis. Public Health Nutr. 2019 Mar;22(3);506–520. Epub 2018 

Oct 15. doi:10.1017/S1368980018002616. 

Abstract 

Introduction: Epidemiological studies have indicated that dietary patterns during pregnancy 

have been associated with adverse pregnancy and birth outcomes such as HDPs, GDM, PTB 

and LBW. However, the results of these studies are varied and inconsistent. 

Objective: This study aimed to assess the association between dietary patterns and the risk of 

adverse pregnancy and birth outcomes. 

Design: This study is a systematic review and meta-analysis. Seven databases were searched 

for articles. Two reviewers performed the study selection and data extraction. A random-effects 

model was used to estimate the pooled effect sizes of eligible studies. 

Settings: Articles conducted all over the world were incorporated. 

Subjects: This study focused on pregnant women. 

Results: A total of 21 studies were identified. Adherence to a healthy dietary pattern (intake of 

vegetables, fruits, legumes, wholegrains) was significantly associated with lower odds of pre-

eclampsia (OR = 0.78; 95% CI: 0.70, 0.86; I2 = 39.0%; p = 0.178), GDM (OR = 0.78; 95% CI: 
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0.56, 0.99; I2 = 68.6%; p = 0.013) and PTB (OR = 0.75; 95% CI: 0.57, 0.93; I2 = 89.6%; p = 

0.0001). 

Conclusion: This review suggests that dietary pattern with a higher intake of fruits, vegetables, 

legumes, whole grains and fish is associated with a decreased likelihood of adverse pregnancy 

and birth outcomes including preeclampsia, GDM and PTB. Further research should be 

conducted in low-income countries to understand the impact of limited resources on dietary 

intake and adverse pregnancy and birth outcomes. 

Keywords: Dietary patterns, dietary intake, pregnancy, pregnant women.  



50 

4.1 Introduction 

HDPs are a group of conditions related to high blood pressure during pregnancy, proteinuria 

and, in some cases, convulsions (158). HDPs are responsible for increased morbidity and 

mortality in mothers and newborns, accounting for approximately 14% of maternal deaths 

globally between 2003 and 2009 (5). According to an analysis of international cohorts from six 

countries (Australia/New Zealand, Canada, Israel, Japan, Spain and Sweden), the incidence 

rate of HDPs was 13% (ranging from 10.3%–16.4%) (277). 

PTB is the premature delivery of a neonate before 37 weeks of gestation (278). PTB is most 

common in LMICs and is one of the leading causes of direct neonatal deaths and complications 

(278), responsible for more than 50% of neonatal mortality in 2010 (279). According to a 

systematic analysis and estimation of PTB, the global rate of PTB was 11% in 2010, ranging 

from 5% in European countries to 18% in some African countries (280). Similarly, LBW, 

which refers to a newborn’s birth weight being less than 2.5 kg, is common (15%). High rates 

of LBW are reported in many developing countries, especially within South Asia (25%) and 

sub-Saharan Africa (12%) (281), and in Pakistan (35%), Nepal (30%) and Jordan (22%) (282). 

Evidence has shown that dietary patterns have an influence on adverse pregnancy and birth 

outcomes (42, 233). When individuals consume food, they consume a combination of nutrients, 

not single nutrients (28). The whole diet, with its expected synergistic effects, may have a 

greater influence on the occurrence of health outcomes than single nutrients (28). Hence, it 

appears more comprehensive to examine the effect of the whole diet by applying a more 

inclusive method of dietary pattern analysis because dietary patterns evaluate the usual diet as 

one complete dietary exposure (29, 30). 

Dietary pattern analysis aims to assess the usual foods consumed as one overall dietary 

exposure (29, 221). Dietary patterns are defined as the quantities, proportions, variety or 

combinations of different foods and beverages in diets, and the frequency with which they are 

regularly consumed (220). Dietary patterns can be determined by one of three approaches. The 

first is an a priori approach, which constructs dietary indices, or scores, according to predefined 

recommendations or current knowledge (29, 221, 222). The second is an a posteriori approach, 

which identifies data-driven dietary patterns using statistical methods (e.g., cluster analysis and 

PCA) (29, 221, 222). The third approach consists of hybrid methods such as reduced rank 

regression, which combines aspects of the a priori and a posteriori approaches (222). 
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Previous studies have indicated that dietary patterns during pregnancy have varied effects on 

maternal health and pregnancy outcomes such as HDPs (233, 234), GDM (283, 284), PTB (42, 

285, 286) and LBW (287). For HDPs, an intake of vegetables, legumes, nuts, tofu, rice, pasta, 

rye bread, fish, milk, green leafy vegetables and pulses/beans were associated with a lower 

odds of pre-eclampsia/eclampsia (26, 233). The consumption of meat, potatoes, processed 

meat, sweet drinks and salty snacks increased the likelihood of pre-eclampsia (40, 233, 288). 

Other studies have reported contradictory findings. A cohort study in the US (234) reported 

that a higher Alternate Healthy Eating Index score—comprising vegetables, fruit, fibre, trans 

fats, a high ratio of polyunsaturated to saturated fatty acids, folate, calcium and iron from 

foods—was not associated with pre-eclampsia. For GDM, a Western dietary pattern (high 

intake of red meat, processed meat, refined grain products, sweets, French fries and pizza) 

among pregnant women in the US (289), a pasta-cheese-processed-meat pattern (283) in a 

Singaporean population, and a sweet and seafood pattern in China (284) have been associated 

with an increased odds of GDM. 

With regard to the birth outcomes, a ‘prudent’ dietary pattern with a high intake of vegetables, 

fruits, oils, water (beverage), wholegrain cereals and fibre-rich bread is associated with a 

reduced occurrence of PTB (42). In contrast, a Western pattern (salty and sweet snacks, white 

bread, desserts and processed meat products) (42) and a Mediterranean diet (with a high intake 

of fish, fruit, vegetables, olive/canola oil and a low intake of red meat and coffee) had no effect 

on PTB (285). Contrary to this, in a Danish birth cohort study, the odds of PTB increased in 

women who adhered to a Western pattern (high in meat and fats and low in fruits and 

vegetables) (286). Additionally, a study from the US (39) revealed that birth weight and fetal 

growth were not associated with the maternal Alternate Healthy Eating Index score (high 

intakes of vegetables, fruit, whole grains, nuts and legumes, long-chain [n-3] fats, 

polyunsaturated fats, folate, calcium and iron). 

Current epidemiological studies have shown some evidence for an association between dietary 

pattern and adverse pregnancy and birth outcomes. However, the findings are inconsistent and 

there is a need to identify which dietary patterns could have health benefits for pregnant women 

in preventing adverse pregnancy and birth outcomes. Therefore, we aimed to determine the 

association between dietary patterns during pregnancy and the risk of pregnancy (HDPs, GDM) 

and birth (PTB and LBW) outcomes through a systematic review and meta-analysis. 
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4.2 Methods 

4.2.1 Search strategy 

Seven databases were searched, including MEDLINE, Embase, CINAHL (Cumulative Index 

to Nursing and Allied Health Literature), Scopus, the Cochrane Library, Web of Science, and 

Maternity and Infant Care. The reference lists of relevant articles were then individually 

searched. 

The following query was used to search the databases: 

diet OR nutrition OR “food pattern” OR “meal pattern” OR “eating practice” OR “food 

intake” OR “food habits” OR “eating behaviour” OR “dietary pattern” OR “dietary 

diversity score” AND “pregnancy” OR “pregnant women” OR “gravid” OR “gestation” 

OR “prenatal care” OR “antenatal care” AND “gestational hypertension” OR 

“pregnancy-induced hypertension” OR “preeclampsia” OR “pre-eclampsia” OR 

“LBW” OR “premature infant” OR “premature birth” OR “PTB” OR “pregnancy in 

diabetics” OR “gestational diabetes mellitus”. 

The search comprised a free-text word search; a search for terms in the title and Medical 

Subject Headings for outcomes, exposure and participants; limited to English language and 

human subjects. 

4.2.2 Study selection 

The studies were screened by titles and then by abstracts by two reviewers. The full texts of all 

selected studies were critically reviewed based on the inclusion and exclusion criteria as shown 

in Table 4.1. 
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Table 4.1 Inclusion and exclusion criteria for the systematic review. 

Inclusion Criteria 
 Pregnant women 
 No time restrictions 
 Original articles (randomised trials and observational studies) 
 Dietary pattern as the exposure variable 
 Included one or more of the following outcome variables: HDPs, GDM, LBW, PTB. 

Exclusion criteria 
 High-risk populations: women with heart diseases, diabetes, pre-eclampsia or gestational 

hypertension at baseline 
 Unpublished papers 
 Animal studies 
 Brief communications, case series, editorials, review studies 
 Studies that focused on single nutrients. 

Note. HDPs = hypertensive disorders of pregnancy (gestational hypertension, pre-eclampsia and eclampsia); 

GDM = gestational diabetes mellitus; LBW= low birth weight; PTB = preterm birth. 

4.2.3 Data extraction 

The following variables were extracted: authors, publication year, study period, study design, 

settings/country, population sample, dietary pattern with food details, dietary assessment 

methods and periods, main outcomes (HDPs, GDM, LBW and PTB) and adjustment for 

confounders. 

4.2.4 Quality assessments 

The quality of the selected full-text articles was assessed by two reviewers independently using 

the Academy of Nutrition and Dietetics’ quality appraisal tool (238). This tool has four 

relevance questions and 10 validity questions. The validity questions appraise the selection, 

comparability of groups, assessment of exposures or outcomes, and the statistical analysis for 

each study separately (238). The validity of a study is only assessed if the responses to all four 

relevance questions were ‘Yes’. The response for validity questions was ‘Yes’ if the criterion 

was fulfilled, ‘No’ if not fulfilled, ‘Unclear’ if not precisely stated and ‘N/A’ (not applicable) 

if the criterion did not apply to the article (238). The rating scores of studies were positive (+) 

if the responses to the validity questions were ‘Yes’ for six or more responses (including all 

four relevance questions). If an article did not fulfil the relevance criterion of selection, 

comparability of groups, or measurement of exposures or outcomes, then the rating score was 

neutral (ф). If the responses for the validity questions were ‘ No’ or ‘Unclear’ for six or more 

responses, then a negative (–) rating score was given (238). 
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4.2.5 Statistical analysis 

The data were entered into a spreadsheet in Microsoft Excel (version 16) and exported to Stata 

(version 13) for analysis. The odds ratio was used as a measure of the effect estimate. If an 

incidence of the outcome variable was less than or equal to 20%, the risk and odds ratios were 

pooled together in the meta-analysis; otherwise, the risk ratio was converted to an odds ratio 

using the proposed methods of Zhang and Yu (239) and Cochrane (240). If the studies did not 

report odds/risk ratios but reported the coefficient (β) of the regression, they were converted 

into odds/risk ratios by exponentiation of coefficients (i.e., OR = exp[β]) (241). 

Some articles reported odds/risk ratios based on different reference groups. Some used lower 

adherence to dietary patterns, and some used good adherence. To make this consistent and 

unify all results using either the higher or lower group as reference, the new odds/risk ratio was 

calculated by taking the reciprocal of the reported odds/risk ratio. The lower limit of the new 

odds/risk ratio is the reciprocal of the upper limit of the old odds/risk ratio and the upper limit 

of the new odds/risk ratio is the reciprocal of the lower limit of the old odds/risk ratio (242). 

The random-effects model was used for calculating pooled estimates. Statistical heterogeneity 

was evaluated by Cochran’s Q test (I2), which shows the amount of heterogeneity between 

studies. An I2 value reflects between-study variation (values of 25%, 50% and 75% refer to 

low, medium and high variation, respectively) (243). 

A sub-group analysis was conducted to detect a potential source of heterogeneity. The possible 

effects of the between-study variance of dietary assessment methods (DDS, MDS and PCA) 

and dietary assessment period/trimesters (first trimester [1st–12th week], second trimester [13th–

27th week] or third trimester [28th–40th week]) were assessed. 

Dietary patterns detected in each study differed concerning the country of origin and the 

approaches used for identifying dietary patterns; however, they had similarities among 

commonly consumed food items. For instance, most articles identified the ‘prudent’, 

traditional, Mediterranean or healthy dietary pattern, which commonly consists of whole 

grains, nuts, legumes/pulses, vegetables/fruits and fish. These studies were grouped together 

and analysed by labelling them as ‘healthy dietary pattern’. 

Similarly, the patterns that were mostly composed of refined grains, processed meats or snacks, 

high-sugar and high-fat dairy products, eggs and white potatoes were grouped together, 

labelled as the ‘Western dietary pattern’ and then analysed. 

https://en.wikipedia.org/wiki/Eggs
https://en.wikipedia.org/wiki/Potatoes
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Using the available articles, pooled estimates were determined for the effect of the healthy 

pattern on HDPs, GDM, PTB and LBW. Likewise, a meta-analysis was performed for the 

Western dietary pattern and HDPs, GDM and PTB. 

4.3 Results 

4.3.1 Identified studies 

Our search identified 6291 records after removal of duplicates. Seventy-nine articles were 

excluded due to different reasons: reviews (n=6), outcomes (did not address the 

outcomes)(n=40) and exposures (focused on single nutrients)(n=33). One hundred articles 

were identified for full-text review, with 21 articles incorporated into the systematic review 

and meta-analysis (see Figure 4.1). 

 

Figure 4-1 Flow chart of the study selection process. 
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4.3.2 Study characteristics 

Of the 21 articles included, the majority (n = 15) were conducted in developed countries, with 

the remainder in developing countries. Out of all included articles, 18 were cohort studies and 

three were cross-sectional studies. The articles were published between 2008 and 2016. The 

samples in each study ranged from 168 (290) to 66,000 (42), with 302,450 pregnant women in 

total. In the included articles, six reported the effect of dietary patterns on HDPs (40, 156, 233, 

291-293), six reported on GDM (283, 284, 290, 294-296), nine reported on PTB (42, 285, 286, 

292, 297-301) and two reported on LBW (301, 302) (see Table 4.2). 

Most of the articles (n = 15) used a food frequency questionnaire (FFQ) (40, 42, 233, 284-286, 

291-293, 295, 296, 298-300, 302) as the method of dietary assessment method, five studies 

used 24-hour recall (156, 283, 294, 297, 301) and one used a 4-day food record (290) to assess 

dietary intake. Various types of approaches were used to identify dietary patterns. Most studies 

applied an a posteriori approach (i.e., PCA; n =13) (40, 42, 233, 283, 284, 286, 290, 291, 293, 

296-298, 302), seven studies used an a priori method—DDS (156, 301), MDS (285, 295, 299, 

300) or New Nordic Diet (292)—and one study used the reduced rank regression method (294) 

to identify the dietary patterns of women (see Table 4.2). 
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Table 4.2 Characteristics of the articles included in the systematic review. 

First author, 
publication 
year 

Study 
design; 
period; 
country 

Sample 
(n) 

Dietary assessment Method of 
defining 
dietary 
pattern 

Dietary 
patterns 
identified Main findings* Outcomes Confounding factors Methods 

  
Trimester/
s (weeks)’ 

Brantsaeter, 
2009 (233) 

Cohort; 
2002–2006; 
Norway 

23,423 255-item 
FFQa 

2nd (17–
22  ) 

PCA Vegetables; 
potato and 
fish; 
cakes and 
sweets; 
processed 
foods 

High tertile of vegetable (3 vs 1): 
OR = 0.72 [0.62, 0.85]; processed 
food (3 vs 1): OR = 1.21 [1.03, 
1.42]; potato and fish (3 vs 1): OR 
= 1.00 [0.84, 1.18] 

PE BMI, education, age, 
smoking, height, 
educational status, 
hypertension prior to 
pregnancy, total energy 
intake and dietary 
supplement use 

Eshriqui, 
2016 (291) 

Cohort; 
2009–2012; 
Brazil 

299 82-item 
FFQa 

3rd (28–
38  ) 

PCA Healthy; 
processed; 
common 
Brazilian  

Mixed-effects regression. 
SBP. Healthy: β = –0.199 [–1.28, 
0.88], OR = 0.82 [0.28, 2.1]; 
processed: β= –0.268 [–1.67, 
1.14], OR = 0.76 [0.188, 3.13] 
 
DBP. Healthy: β = −0.670 [–
1.573, 0.232], OR = 0.51 [0.21, 
1.26]; processed: β = −0.032 [–
1.202, 1.138], OR = 0.97 [0.3, 
3.12] 

Blood pressure 
(SBP & DBP) 

Age, BMI, education, 
parity and total energy 
intake 

Mwanri, 2015 
(156) 

Cross-
sectional; 
2011–2012; 
Tanzania 

910 16 food 
groups, 
24 h 
recalla 

2nd & 3rd 
(20–36  ) 

DDS 16 food 
groups  

Medium DDS: OR = 2.54 [1.04, 
6.16]; high DDS: OR = 5.84 
[2.11–16.15]  

Hypertension 
during 
pregnancy 

Residence, age, 
gestational age, 
MUAC, parity, GDM, 
education, physical 
activity 

Timmermans, 
2011 (40) 

Prospective 
cohort; the 
Netherlands 

3,187 293-item 
FFQa 

All (Mdn 
= 13.5  ) 

PCA MD; 
traditional 

Low adherence to MD: OR = 1.2 
[0.6, 2.3]; adhere to MD: OR = 
0.83 [0.43, 1.6]; adhere to 
traditional: OR = 1.1 [0.6, 2.1]. 
For PE, low adherence to MD: 

PE & GHT Maternal BMI, 
maternal age, parity, 
educational level, 
smoking, vomiting and 
preconception folic 
acid use 
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First author, 
publication 
year 

Study 
design; 
period; 
country 

Sample 
(n) 

Dietary assessment Method of 
defining 
dietary 
pattern 

Dietary 
patterns 
identified Main findings* Outcomes Confounding factors Methods 

  
Trimester/
s (weeks)’ 

OR = 1.3 [0.9, 1.9]; adhere to 
MD: OR = 0.77 [0.53, 1.11]. 
For GHT, adhere to traditional: 
OR = 1.3 [0.9–1.9] 

Torjusen, 
2014 (293) 

Cohort; 
2002–2008; 
Norway 

28,192 6 food 
group–
FFQ 

2nd (17–
22  ) 

PCA Healthy; 
organic 
vegetables 

Healthy pattern tertile (3 vs 1): 
OR = 0.74 [0.64, 0.85]; organic 
vegetables: OR = 0.79 [0.62, 0.99] 

PE Hypertension prior to 
pregnancy, pre-
pregnant BMI, height, 
age, education, 
household income, 
smoking during 
pregnancy, total energy 
intake and gestational 
weight gain 

Hillesund, 
2014 (292) 

Cohort; 
Norway 

72,072 255-item 
FFQa 

(25  ) NNDs NND Risk of PE with high NNDs: OR 
= 0.86 [0.78, 0.95]; early PE: OR 
= 0.71 [0.52, 0.96]; PTB: OR = 
0.91 [0.8, 1.3] 

PE & PTB Maternal age, height, 
pre-pregnancy BMI, 
parity, education, 
smoking status, 
exercise during 
pregnancy, chronic 
hypertension, diabetes, 
marital status and 
energy intake 

Dayeon, 2015 
(294) 

Cross-
sectional; US 

253 8 food 
groups, 
24 h 
recall 

All 
(average 
20 ) 

Reduced 
rank 
regression 

High refined 
grains; high 
nuts, seeds 
and low milk; 
high added-
sugar and 
organ meats; 
low fruits, 

High refined-grain pattern: OR = 
4.9 [1.4, 17.0]; high nuts, seeds, 
fats and soybean, low milk pattern 
OR = 7.5 [1.8, 32.3]; high added-
sugar and organ meat: OR = 22.3 
[3.9–127.4] 

GDM Age, race/ethnicity, 
family poverty–income 
ratio, education, marital 
status, energy intake, 
pre-pregnancy BMI, 
gestational weight gain 
and log-transformed C-
reactive protein 
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First author, 
publication 
year 

Study 
design; 
period; 
country 

Sample 
(n) 

Dietary assessment Method of 
defining 
dietary 
pattern 

Dietary 
patterns 
identified Main findings* Outcomes Confounding factors Methods 

  
Trimester/
s (weeks)’ 

vegetables 
and seafood 

DeSeymour, 
2016 (283) 

Multiethnic 
Asian cohort; 
Singapore 

909 68 food 
groups, 
24 h 
recalla 

2nd & 3rd 
(26–28  ) 

PCA Vegetable-
fruit-rice-
based; a 
seafood-
noodle-
based; pasta-
cheese-
processed-
meat-based 

Vegetable-fruit-rice-based diet: 
OR = 1.10 [0.90, 1.35]; seafood-
noodle-based diet: OR = 0.74 
[0.59, 0.93]; pasta-cheese-
processed-meat diet: OR = 0.96 
[0.79, 1.17] 

GDM Energy intake, 
pregnancy BMI, birth 
order, smoking, alcohol 
intake, age, ethnicity, 
education, previous 
GDM, family history of 
diabetes, household 
monthly income and 
other dietary patterns 

He, 2015 
(284) 

Prospective 
cohort; China 

3,063 64-item 
FFQa 

2nd (24–
27  ) 

PCA Vegetable; 
protein-rich; 
prudent; 
sweets and 
seafood 

Vegetable pattern: RR = 0·79 
[0·64, 0·97]; sweets and seafood 
pattern: RR = 1.23 [1.02, 1.49]; 
protein-rich pattern: RR = 0.95 
[0.78, 1.16]; prudent pattern: RR = 
1.0 [0.82, 1.22] 

GDM Maternal age, education 
level, monthly income, 
parity, pre-pregnancy 
BMI and family history 
of diabetes 

Karamanos, 
2014 (295) 

Prospective 
cohort; Jan 
2010 – Jul 
2011; 10 
Mediterranea
n countries  

1,076 78-item 
FFQa 

2nd & 3rd 
(24–32  ) 

MD score MD index MD: OR = 0.618 [0.401, 0.950] GDM Age, BMI, diabetes in 
the family, weight gain 
and energy intake 

Nascimento, 
2016 (296) 

Prospective 
cohort; Nov 
2011 – Feb 
2014; Spain 

841 81-item 
FFQa 

2nd (15–
20 ) 

PCA Traditional; 
vegetable and 
Western; 
mixed 

High tertile traditional pattern (3 
vs 1): RR = 0.88 [0.49, 1.58]; 
mixed pattern: RR = 0.93 [0.51, 
1.71]; Western pattern: RR = 0.78 
[0.43, 1.43] 

GDM BMI, age, education, 
monthly income, family 
history of diabetes and 
parity 

Tryggvadottir, 
2016 (290) 

Prospective 
Cohort; Apr 

168 18 food 
groups, 

2nd (19–
24  ) 

PCA Prudent 
pattern  

Adhering to the prudent pattern: 
OR = 0.44 [0.21, 0.90]  

GDM Age, parity, pre-
pregnancy weight, 
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First author, 
publication 
year 

Study 
design; 
period; 
country 

Sample 
(n) 

Dietary assessment Method of 
defining 
dietary 
pattern 

Dietary 
patterns 
identified Main findings* Outcomes Confounding factors Methods 

  
Trimester/
s (weeks)’ 

2012 – Oct 
2013; Iceland 

4-day 
weighed 
food 
record 

energy intake, weekly 
weight gain and total 
metabolic equivalent of 
task 

Chia, 2016 
(297) 

Cohort study; 
2009–2010; 
Singapore 

923 68 food 
groups, 
24 h 
recalls, 
3-day 
food 
diaries 

2nd & 3rd 
(26–28  ) 

PCA Vegetable, 
fruit and 
white rice; 
seafood and 
noodle; pasta, 
cheese and 
processed 
meat 

Vegetable, fruit and white rice 
pattern: OR = 0.67 [0.50, 0.91]; 
seafood and noodle pattern: OR = 
1.27 [0.93, 1.74]; pasta, cheese 
and processed meat: OR = 0.79 
[0.55, 1.12] 

PTB Sex of infant, birth 
order, maternal total 
energy intake, maternal 
age, ethnicity, pre-
pregnancy BMI, weight 
gain until 26–28 weeks 
of gestation, height, 
GDM status, 
educational status, 
alcohol use, smoking 
during pregnancy and 
other dietary patterns 

Englund-
Ögge, 2014 
(42) 

Prospective 
cohort; 2002–
2008; Norway 

66,000 255-item 
FFQa 

2nd (17- 
22 ) 

PCA Prudent; 
Western; 
traditional 

Prudent: RR = 0.88 [0.80, 0.97]; 
Western: RR = 1.02 [0.92, 1.13]; 
traditional: RR = 0.91 [0.83, 0.99] 

PTB Maternal age, pre-
pregnancy BMI, height, 
parity, total energy 
intake, maternal 
education, marital 
status, smoking, 
previous preterm 
delivery, household 
income and other 
dietary patterns 

Haugen, 2008 
(285) 

Cohort; 
Norway 

569 255-item 
FFQa 

2nd (18–
22 ) 

MD score MD criteria  MD criteria (5 vs none): OR = 
0.73 [0.32, 1.68] 

PTB Parity, BMI, maternal 
height, socioeconomic 
status and cohabitant 
status 
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First author, 
publication 
year 

Study 
design; 
period; 
country 

Sample 
(n) 

Dietary assessment Method of 
defining 
dietary 
pattern 

Dietary 
patterns 
identified Main findings* Outcomes Confounding factors Methods 

  
Trimester/
s (weeks)’ 

Martin, 2015 
(298) 

Prospective 
cohort; US 

3,143 95-item 
FFQ 

2nd & 3rd 
(26–29  ) 

PCA and 
DASH 

4 factors  Factor 1: OR = 0.87 [0.60, 1.27]; 
factor 2: OR = 1.53 [1.02, 2.30]; 
factor 3: OR = 1.55 [1.07, 2.24]; 
adherence to the DASH diet: OR 
= 0.59 [0.40, 0.85] 

PTB Maternal age, race, 
maternal pre-pregnancy 
BMI status, educational 
level, household 
income, parity, marital 
status, smoking status 
and energy intake 

Rasmussen, 
2014 (286) 

Longitudinal 
cohort; 
Denmark 

59,949 360-item 
FFQa 

2nd & 3rd 
(average 
25 ) 

PCA Vegetable; 
prudent; 
Western; 
seafood 

Western pattern OR = 1.30 [1.13, 
1.49]; vegetable pattern: OR = 1.4 
[0.8, 1.62]; seafood pattern: OR = 
0.90 [0.72, 1.11] 

PTB Maternal age, maternal 
height, pre-pregnancy 
BMI, parity, civil 
status, socioeconomic 
status and smoking 
during pregnancy 

Zerfu, 2016 
(301) 

Prospective 
cohort; 
Ethiopia 

432 9 food 
groups, 
24 h 
WDDSa 

2nd & 3rd 
(24–28  ) 

DDS 9 food groups Low DDS: RR = 4.61 [2.31, 
9.19]; high DDS: RR = 0.21 [0.11, 
0.43] 

PTB Age, height, MUAC, 
education, Hgb level 

Mikkelsen, 
2008 (299) 

Cohort; 
Denmark 

35,530 360-item 
FFQ 

2nd & 3rd 
(average 
25) 

MD score MDb MD criteriac (5 vs 0): OR = 0.61 
[0.35, 1.05]; MD criteria (5 vs 1–
4): OR = 0.92 [0.69, 1.24] 

PTB Parity, BMI, maternal 
height, socioeconomic 
status and cohabitant 
status 

Saunders, 
2014 (300) 

Cohort; 
2004–2007; 
French 
Caribbean 
island 

728 214-item 
FFQ 

Days 
following 
delivery  

MD score 9 categories 
of the 
Mediterranea
n scaled 

Adherence to MD: OR = 0.9 [0.8, 
1.0] 

PTB Maternal place of birth, 
marital status, pre-
pregnancy BMI, 
maternal education, 
enrolment site, weight 
gain during 
pregnancy, energy 
intake and maternal 
smoking during 
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First author, 
publication 
year 

Study 
design; 
period; 
country 

Sample 
(n) 

Dietary assessment Method of 
defining 
dietary 
pattern 

Dietary 
patterns 
identified Main findings* Outcomes Confounding factors Methods 

  
Trimester/
s (weeks)’ 

pregnancy (n = 710 
with complete data) 

Abubakari, 
2016 (302) 

Cross-
sectional; 
Ghana 

578 55-item 
FFQa 

2nd and 
0–1 
month 
post-birth 

PCA Non–health 
conscious; 
health-
conscious  

Health-conscious diet: OR = 0.23 
[0.12, 0.45]; non–health 
conscious: OR = 1.04 [0.65, 1.67]; 
high DDS: OR = 0.10 [0.04–0.13] 

LBW Gestational age 

Zerfu, 2016 
(301) 

Cohort; 
Ethiopia 

432 9 food 
groups 
24 h 
WDDSa 

2nd & 3rd 
(24–28  ) 

DDS 9 food groups High DDS: RR = 2.06 [1.03, 4.11] LBW Education, age, height, 
MUAC and Hgb level 

Note. BMI = body mass index; DASH = Dietary Approaches to Stop Hypertension; DBP = diastolic blood pressure; DDS = dietary diversity score; FFQ = food frequency 

questionnaire; GDM = gestational diabetes mellitus; GHT = gestational hypertension; HDPs = hypertensive disorders of pregnancy; Hgb = haemoglobin; LBW = low birth 

weight; MD = Mediterranean diet; MUAC = mid-upper arm circumference; NND = New Nordic Diet; PCA = principal component analysis; PE = pre-eclampsia; PTB = preterm 

birth; RR = risk ratio; SBP = systolic blood pressure; WDDS = women dietary diversity score. 
aValidated FFQ. 
bCriteria: consumption of fish twice a week, intake of olive or rape seed oil, high consumption of fruits/vegetables (5 a day or more), and meat (other than poultry and fish) at 

most twice a week. 
c‘5 vs 0’ means ≥ 5 vs no fulfilled criteria. 
dVegetables, legumes, fruits and nuts, cereals, fish, meat and poultry, dairy products, alcohol and fat. 

*Square brackets indicate 95% CIs.
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4.3.3 The effect of dietary patterns on adverse pregnancy outcomes (HDPs and GDM) 

 Dietary patterns and HDPs 

Six articles (40, 156, 233, 291-293) assessed the association between dietary patterns and 

HDPs. These articles identified a range of different dietary patterns—such as healthy, 

traditional, Mediterranean and Western patterns—and, therefore, the results could not be 

pooled in the meta-analysis, except those pertaining to the healthy dietary pattern. 

4.3.3.1.1 Healthy dietary pattern 

Four studies (40, 233, 292, 293) that reported the association between a healthy dietary pattern 

and a high intake of fruits, vegetables, wholegrain foods, fish and poultry were available for 

meta-analysis. Based on this pooled analysis, study participants who adhered to a healthy 

dietary pattern were shown to have significantly lower odds of pre-eclampsia (OR = 0.78; 95% 

CI: 0.70, 0.86; I2 = 39.0%; p = 0.178; see Figure 4.2). 

 

Figure 4-2 Pooled OR of the association between a healthy dietary pattern and pre-eclampsia. 

Note. Weights are from a random-effects analysis; ES = effect size. 

 

However, one cross-sectional study in Tanzania indicated that a high DDS (OR = 5.84; 95% 

CI: 2.11, 16.15) or a medium DDS (OR = 2.54; 95% CI: 1.04, 6.16) was associated with an 

increased odds of gestational hypertension (156). In contrast, in a cohort study, the association 
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was not observed between gestational hypertension and adherence to a Mediterranean (OR = 

0.77; 95% CI: 0.53, 1.11) or traditional dietary pattern (OR = 1.3; 95% CI: 0.9, 1.9) (40). 

Similarly, a cohort study from Brazil (303) revealed that adherence to a healthy dietary pattern 

did not have an effect on SBP (OR = 0.82; 95% CI: 0.28, 2.21) and DBP (OR = 0.94: 95% CI: 

0.18, 1.28). 

4.3.3.1.2 Western dietary pattern 

In a cohort study in Norway (233), a potato and fish dietary pattern (lean fish, cooked potatoes, 

processed fish, fish burgers, margarine, fish soufflé, meat spread, lean fish and poultry) was 

not associated with pre-eclampsia (OR = 1.00; 95% CI: 0.84, 1.18). Similarly, a cohort study 

in Brazil (291) reported that adherence to a processed food pattern was not significantly 

associated with SBP (OR = 0.76; 95% CI: 0.19, 3.13) or DBP change (OR = 0.97; 95% CI: 

0.30, 3.10) during pregnancy. 

 Dietary patterns and GDM 

4.3.3.2.1 Healthy dietary pattern 

Six studies (283, 284, 290, 294-296) assessed the effect of dietary patterns on GDM. A cohort 

study in Singapore (283) indicated that a seafood-noodle-based diet was related to lower odds 

of GDM (OR = 0.74; 95% CI: 0.59, 0.93). However, adherence to a higher compared to lower 

vegetable-fruit-rice-based diet (OR = 1.10; 95% CI: 0.90, 1.35) or a pasta-cheese-processed-

meat-based diet (OR = 0.96; 95% CI: 0.79, 1.17) was not associated with GDM. Similarly, 

adherence to a traditional pattern (RR = 0.88; 95% CI: 0.49, 1.58), as well as to a mixed pattern 

(RR = 0.93; 95% CI: 0.51, 1.71) was not associated with the incidence of GDM among 

Brazilian women (296). 

The pooled estimate of a healthy dietary pattern on GDM was determined by using five studies 

(283, 284, 290, 295, 296). Based on this estimate, women who had higher adherence to a 

healthy dietary pattern had lower odds of GDM (OR = 0.78; 95% CI: 0.56, 0.99) with 

significant heterogeneity detected between studies (I2 = 68.6%; p = 0.013; see Figure 4.3a). 

4.3.3.2.2 Western dietary pattern 

Four studies (283, 284, 294, 296) were combined, showing no relationship between adherence 

to a Western dietary pattern and odds of GDM (OR = 0.94; 95% CI: 0.81, 1.07), and no 

heterogeneity between studies (I2 = 0.0%; p = 0.825; see Figure 4.3b). 



65 

A cross-sectional survey in the US (294) and prospective cohort study in China (284) reported 

that adherence to dietary patterns of refined grains (OR = 4.9; 95% CI: 1.4, 17.0), high nuts, 

seeds, fat and soybeans (OR = 7.5; 95% CI: 1.8, 32.3), and sweets and seafood patterns (RR = 

1.23; 95% CI: 1.02, 1.49) during pregnancy was associated with an increased likelihood of 

GDM. 
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a) Healthy dietary pattern and GDM 

 

b) Western pattern and GDM 

 
Figure 4-3 Pooled OR of associations between GDM and different dietary patterns—a) healthy 

and b) Western—with sub-group analysis regarding period of dietary assessment. 

Note. Weights are from a random-effects analysis. ES = effect size. 

NOTE: Weights are from random effects analysis
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4.3.4 The effect of dietary patterns on adverse birth outcomes (PTB and LBW) 

 Dietary patterns and PTB 

Based on a meta-analysis of nine studies (42, 285, 286, 292, 297-301), women who had good 

adherence to a healthy dietary pattern were shown to have reduced odds of PTB (OR = 0.75; 

95% CI: 0.57, 0.93), although significant heterogeneity was observed (I2 = 89.6%; p = 0.0001; 

see Figure 4.4a). Further sub-group analysis indicated a difference in relation to dietary pattern 

assessment methods (MDS, DDS or PCA; p = 0.001). There was also a significant sub-group 

difference regarding dietary assessment periods (second trimester and both second and third 

trimesters; p = 0.001; see Figure 4.4b). 

Conversely, the pooled estimate of four studies (42, 286, 297, 298) showed that a Western 

dietary pattern did not increase the odds of PTB (OR = 1.11; 95% CI: 0.87, 1.34; I2 = 78%; 

p = 0.004; see Figure 4.4c). There were sub-group differences between assessing diet in the 

second trimester and both the second and third trimesters with respect to risk of PTB 

(p = 0.001). We did not undertake a sub-group analysis with regard to study design, as all 

studies had the same design (i.e., cohort). 
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a) Healthy dietary pattern and PTB 

 

b) Healthy dietary pattern and PTB 
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c) Western pattern and PTB 

 

Figure 4-4 Pooled OR of association between PTB and different dietary patterns a) healthy, 

with sub-group analysis of assessment methods (MDS vs DDS vs PCA), b) healthy, with sub-

group analysis of dietary assessment periods (second trimester vs both second and third 

trimesters vs all trimesters), and c) Western, with sub-group analysis of dietary assessment 

periods (second trimester vs both second and third trimesters). 

Note. Weights are from a random-effects analysis. ES = effect size. 
 

 Dietary patterns and LBW 

Two studies assessed the effect of dietary patterns during gestation on LBW. A study in Ghana 

(302) reported that a ‘health-conscious’ dietary pattern with a high intake of corn, rice, cassava, 

yam, fruits, vegetables (carrots, tomatoes, dark green leafy vegetables, cabbage, salad and 

cucumber), meat and eggs reduced the odds of LBW (OR = 0.23; 95% CI: 0.12, 0.45). 

Similarly, the study reported that women who had a higher DDS were less likely to deliver an 

LBW baby compared to those who had a lower DDS (OR = 0.10; 95% CI: 0.04, 0.13). 

However, high consumption of sweetened beverages, ice cream, chocolate, energy drinks, milk 

and local soft drinks, which was labelled as the ‘non–health conscious’ dietary pattern, was not 

significantly associated with LBW (OR = 1.04; 95% CI: 0.65, 1.67). Another study in Ethiopia 
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(301) showed that women who had adequate DDS were less likely to deliver an LBW baby 

(OR = 0.49; 95% CI: 0.24, 0.97). 

4.4 Discussion 

This systematic review and meta-analysis summarised evidence focusing on the effects of 

different dietary patterns during pregnancy on adverse pregnancy (HDPs and GDM) and birth 

(PTB and LBW) outcomes. Globally, adverse pregnancy outcomes and nutritional 

insufficiencies still remain public health problems (304). Sufficient consumption of energy, 

protein and micronutrients continues to be essential throughout pregnancy (305). 

HDPs: The meta-analysis of four studies assessing the healthy dietary pattern resulted in 

pooled estimates suggesting decreased odds of pre-eclampsia. However, other studies reported 

inconsistent findings on the association between adherence to a healthy dietary pattern and the 

likelihood of HDP occurrence. A cohort study in the Netherlands (40) revealed that adherence 

to a Mediterranean dietary pattern (vegetables, vegetable oils, pasta, fish, legumes and rice) 

and a traditional pattern (meat and potatoes) was not associated with gestational hypertension. 

A cohort study in Brazil (291) revealed that adherence to healthy dietary patterns with high 

intakes of dairy products, fruit, green vegetables, legumes, fish, cakes, cookies/crackers and 

tea was not associated with a change in SBP or DBP. By contrast, a cross-sectional study in 

Tanzania (156) reported that, compared to a lower score, having a high or medium DDS was 

associated with increased odds of gestational hypertension. 

These inconsistencies might be due to the differences in methods and population 

characteristics. The Tanzanian study was cross-sectional (156) and conducted in a resource-

limited setting; however, the other studies were cohort studies conducted in well-resourced 

settings, except the Brazilian study (291). These studies also assessed dietary intake using a 

different number of food items and methods. The Tanzanian study applied a 24-hour recall 

method using 16 food groups, while the studies from Brazil (291) and the Netherlands (40) 

assessed dietary intake using an 82- and 293-item FFQ, respectively. 

The healthy dietary pattern is in line with dietary guidelines, which recommend the 

consumption of whole grains, vegetables, fruits, potatoes, pasta, cereals, beans and lentils, and 

fish (306). Similarly, the beneficial influence of diets high in fibre, potassium, fruits, 

vegetables, cereals, dark bread and low-fat dairy products was reported as decreasing the odds 

of pre-eclampsia (307). It has also been reported that a lower likelihood of pregnancy-induced 

hypertension or pre-eclampsia has been observed with the intake of foodstuffs in plant-driven 
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diets with vegetables (308). The risk of pregnancy complications, like pre-eclampsia and LBW, 

has been linked with maternal oxidative stress in the middle of pregnancy (309). Evidence 

indicates that oxidative stress during pregnancy could be reduced by antioxidant compounds 

from fruit and vegetables (310). The findings of a multicentre study indicate that oxidative 

stress could be reduced by a sufficient intake of fruit, vegetables and vitamin C (310). A 

combination of vitamins C and E might lower the risk of pre-eclampsia (311) through the 

removal of free radicals, which may cause oxidative stress during pregnancy (312). Therefore, 

it could be the cumulative effect of nutrients and their biochemical properties that influence 

pre-eclampsia risk. 

GDM: The meta-analysis of five studies assessing the healthy dietary pattern resulted in pooled 

estimates that indicated reduced odds of GDM, but this was not statistically significant, most 

likely due to insufficient power since few articles were included. Additionally, there were 

inconsistent findings among included studies for meta-analysis regarding healthy dietary 

patterns and GDM: three studies showed decreased odds of GDM, while the remainder reported 

no association. This might be due to the effect of unmeasured factors, as the majority of studies 

did not control for all possible confounding factors. For instance, He et al. (284) could not 

control for parity, energy intake, blood pressure and family history of Type 2 diabetes mellitus. 

Similarly, parity, energy intake and blood pressure were not adjusted for in the other two 

studies (295, 296). There was also a difference in assessing dietary intake across these studies, 

with four studies (283, 284, 295, 296) using either validated FFQs or a non-validated FFQ 

(290). Dietary intake was assessed at different trimesters of pregnancy, even though there was 

no significant difference in sub-group analysis based on dietary intake assessment periods. This 

could be a possible explanation for the variations across different studies. 

Evidence indicated that pre-pregnancy adherence to a Mediterranean dietary pattern—with an 

intake of fruit, vegetables, legumes, nuts, fish and cereals—and the DASH (Dietary 

Approaches to Stop Hypertension) diet decreased the odds of GDM (313, 314). Similarly, a 

clinical trial reported that adhering to the DASH diet, which is high in fruits, vegetables, whole 

grains and low-fat dairy products, and low in saturated fats, cholesterol and refined grains, 

reduced the need for insulin treatment (315). Intake of fibre, fruits and cereals reduced the odds 

of GDM (316). 

A cohort study reported that higher odds of GDM were observed in adherence to a Western 

dietary pattern, which contains a higher intake of refined grain products, processed meat, red 
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meat, French fries, pizza, sweets and desserts (289). However, our pooled estimate of four 

articles did not show a significant relationship between the Western pattern and occurrence of 

GDM. A possible explanation may be the difference in the dietary pattern investigation 

methods (two studies used FFQs (284, 296), and two studies used 24-hour recall methods (283, 

294)) and population (one study was conducted in a Western population (294) and three studies 

were conducted in an Asian population (283, 284, 296)). 

PTB: In this systematic review, a pooled estimate of nine studies indicated that, when 

compared to low adherence, higher adherence to a healthy dietary pattern significantly 

decreased the odds of PTB. Similarly, the pooled estimates of four studies on the vegetable 

pattern and three studies on the Mediterranean diet indicated decreased odds of PTB, but this 

was not statistically significant. However, the meta-analysis of four studies assessing the 

Western pattern and PTB showed that adherence to the Western pattern was not significantly 

associated with PTB. There were significant differences in sub-group analysis based on dietary 

intake assessment periods. In two articles, the dietary intake was assessed in the second (13–

27 weeks) and third (28–40 weeks) trimesters, and it was reported that the Western dietary 

pattern significantly increased the odds of PTB. Nevertheless, the other two studies assessed 

the dietary intake in the second trimester (13–27 weeks), and the Western dietary pattern did 

not significantly increase the odds of PTB. A previous systematic review of clinical trial articles 

revealed that macronutrient dietary interventions reduced PTB (317). 

LBW: Two articles assessed the effect of dietary patterns on LBW. Dietary patterns labelled 

as ‘health conscious’, characterised by an intake of local dishes made from corn flour, 

vegetables (carrot, tomatoes, dark green leafy vegetables, cabbage, salad and cucumber), rice, 

meat, a mixture of corn and cassava dough, yams, fruits, water and eggs were associated with 

reduced odds of LBW (302). Similarly, women who had higher DDS were less likely to deliver 

an LBW baby (301, 302). However, high consumption of sweetened beverages, ice cream, 

chocolate, energy drinks, milk and local soft drinks, which was labelled as a ‘non–health-

conscious’ dietary pattern, showed a significant effect on the risk of LBW (302). This is in line 

with evidence that suggests the occurrence of LBW decreases through the consumption of 

fortified foodstuffs (318). 

It is suggested that pregnant women should be advised to eat a diet rich in fruits and vegetables, 

whole grains, beans, lean meats and fish/seafood, and low in added sugar, red meat and 

processed foods (319). Intake of vegetables, fruits and legumes improve micronutrient and 
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antioxidant intakes, which could improve pregnancy and birth outcomes (319), particularly in 

the second trimester, since oxidative stress has been shown to reach high levels mid-pregnancy 

(320). Pregnancy complications and adverse outcomes, like pre-eclampsia and PTB, have been 

related to oxidative stresses and associated inflammation (309). Antioxidant vitamins (C and 

E) and essential trace elements (copper and zinc), through the dietary intake of legumes and 

fruits, which are rich in these nutrients, could decrease this risk (321-323). Oxidative stress–

linked adverse pregnancy outcomes could be reduced by antioxidants through an intake of 

vegetables and fruits (324). 

The limitations of this systematic review must be acknowledged. To acquire complete dietary 

data, most of the articles in this review applied FFQs followed by diet scores. Nevertheless, 

there are unavoidable dietary intake misclassifications, which probably bias the degree of 

detecting real effects. Furthermore, problems of recall bias are also unavoidable because 

dietary information is dependent on memory. Including only articles written in the English 

language is another shortcoming of this systematic review. Due to the nature of nutritional 

research, it is difficult to make all dietary exposures similar to all study subjects. Heterogeneity 

among studies is a further issue in this review; however, meta-analysis permits the inconsistent 

findings among studies to be evaluated, even with heterogeneity (325). As all included studies 

were observational epidemiological studies, the effect of confounders may be a limitation of 

this review, despite controlling for some possible confounding factors. Additionally, 

publication bias is always a concern in any review: studies that had negative results might not 

have been submitted for publication and are thus less likely to have been published. 

4.5 Conclusion 

The evidence presented in this systematic review indicates the inconsistent associations 

between different dietary patterns, and pregnancy and birth outcomes. Some results in this 

systematic review show the importance of healthy dietary intake during gestation for improving 

pregnancy and birth outcomes for the mother and infant, even though inconsistencies have been 

observed among studies. Essentially, this review suggests that dietary patterns with a higher 

intake of whole grains, vegetables/fruits, legumes and fish are associated with a lower 

likelihood of adverse pregnancy and birth outcomes particularly HDPs, GDM, PTB and LBW. 

However, as the evidence presented in this study is inconsistent concerning the association 

between dietary intake and pregnancy and birth outcomes, caution should be given when 

advising pregnant women about diet. Since the majority of the included articles in the review 



74 

were conducted in resource-rich settings, additional studies are needed in resource-limited 

settings to elucidate the impact of limited resources on dietary intake and adverse pregnancy 

and birth outcomes. 
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Chapter 5: The spatial distribution and determinant factors of anaemia 

among women of reproductive age in Ethiopia—a multilevel and spatial 

analysis 

This study is a detailed analysis of data from a recent large population survey to assess the 

spatial distribution and determinant factors of anaemia among women through spatial and 

multilevel analysis. This chapter was published in BMJ Open in April 2019 (see Appendix 20), 

and it has currently been cited in five publications as of June 2020. 

Kibret KT, Chojenta C, D’Arcy E, Loxton D. The spatial distribution and determinant 

factors of anaemia among women of reproductive age in Ethiopia: a multilevel and 

spatial analysis. BMJ Open. 2019;9(1):e027276. 

Abstract 

Objective: This study aimed to assess the spatial distribution and determinant factors of 

anaemia among women of reproductive age in Ethiopia. 

Methods: An in-depth analysis of the 2016 EDHS data was undertaken. Getis-Ord Gi* 

statistics were used to identify the hot and cold spot areas for anaemia among women of 

reproductive age. A multilevel logistic regression model was used to identify independent 

predictors of anaemia among women of reproductive age. 

Results: Older age (AOR = 0.75; 95% CI: 0.64, 0.96), no education (AOR = 1.37; 95% CI: 

1.102, 1.72), lowest wealth quantile (AOR = 1.29; 95 % CI: 1.014, 1.60), currently pregnant 

(AOR = 1.28; 95% CI: 1.10, 1.51), currently breastfeeding (AOR = 1.09; 95% CI: 1.025, 1.28), 

high gravidity (AOR = 1.39; 95% CI: 1.13, 1.69) and HIV-positive (AOR = 2.11; 95% CI: 

1.59, 2.79) were individual factors associated with the occurrence of anaemia. Similarly, living 

in a rural area (AOR = 1.29; 95% CI: 1.02, 1.63) and availability of unimproved latrine 

facilities (AOR = 1.18; 95% CI: 1.01, 1.39) were community-level factors associated with 

higher odds of anaemia. The spatial analysis indicated that statistically high hotspots of 

anaemia in the eastern (Somali, Dire Dawa and Harari regions) and north-eastern (Afar) parts 

of the country. 

Conclusion: The prevalence rate of anaemia among women of reproductive age varied across 

the country. Significant hotspots/high prevalence of anaemia was observed in the eastern and 

north-eastern parts of Ethiopia. Anaemia prevention strategies need to be targeted to rural 
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residents, women with limited to no education, women who are breastfeeding, areas with poor 

latrine facilities and women who are HIV-positive. 

Keywords: Anaemia, spatial analysis, multilevel analysis, women of reproductive age, 

women. 
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5.1 Introduction 

Anaemia refers to a low Hgb level (< 11 g/dL for pregnant women and < 12 g/dL for non-

pregnant women) (62). If an individual’s Hgb level is low, the red blood cells are unable to 

carry adequate oxygen for the body’s physiological needs (62). Anaemia is a major public 

health problem in women and children under 5 years of age (3). Worldwide in 2011, 38% of 

pregnant women and 29% of non-pregnant women were anaemic (3). Pregnant women in 

LMICs experience high rates of anaemia, in which the highest prevalence rates are reported in 

Central and West Africa (56%), South Asia (52%) and East Africa (36%) (3). Similarly, a large 

proportion of non-pregnant women were reportedly anaemic in West and Central Africa (48%), 

South Asia (47%) and East Africa (28%) (3). Anaemia can have negative effects on a woman’s 

health, including maternal mortality and severe morbidity (7), depression (130, 131), raised 

blood pressure (127, 128), as well as negative influences on the infant, including LBW and 

PTB (4). Thus, anaemia remains a health priority at the global level but particularly in resource-

limited settings (117). Reducing anaemia is considered to be an essential part of improving the 

health of women, and the WHO has set a global target of achieving a 50% reduction of anaemia 

among women of reproductive age by 2025 (235). 

Anaemia is also a common problem in Ethiopia; the most recent EDHS (in 2016) reported a 

29% prevalence of anaemia among pregnant women and 24% among women of reproductive 

age; these prevalence statistics ranged from 16% to 59% across different parts of the country 

(48). Similarly, in several pocket studies from different parts of the country, researchers 

reported varied anaemia prevalence rates among pregnant women, which ranged from 17% in 

the north, (66), 32% in the south (25), and up to 44% (46) and 57% (67) in the eastern part of 

Ethiopia. Similarly, in different studies, there was reported to be a 16% (77) prevalence of 

anaemia among non-pregnant women, and 29% (326) and 30% (71, 327) among women of 

reproductive age. 

There are a number of factors contributing to the burden of anaemia, with iron deficiency the 

main cause of the disease (328). Other micronutrients (vitamin A, vitamin B12 and folate), 

chronic bleeding, acute or chronic infections, and parasitic infections (hookworm and malaria) 

are also known to cause anaemia (77, 87-89). Based on the geographical distribution and 

disease burden in LMICs, about half of anaemia cases are attributable to a deficiency of iron, 

and the remainder may be due to diseases like parasitic infections, malaria and HIV (70). A 

recent systematic review revealed that the proportion of anaemia cases caused by iron 
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deficiency was below 50% in LMICs (with regional variations); poor sanitary conditions and 

the subsequent increased occurrence of infections also contributed to anaemia (72). 

In Ethiopia, varied prevalence rates of anaemia among women have been observed with 

different factors across different parts of the country (66, 67). For instance, large family size, 

low educational status, rural residence, hookworm infestation and HIV infection were 

identified as factors contributing to anaemia in Northern Ethiopia (66, 113). In studies from the 

eastern area, it was reported that multigravidas, third trimester of pregnancy and intestinal 

infestation were factors contributing to anaemia during pregnancy (46, 114). The variation in 

rates of anaemia among women in Ethiopia might be due to the presence of diverse contextual 

and geographically variable factors, including diet and the incidence of communicable diseases 

(117). 

To date, spatial analyses have not been conducted to identify areas with hotspots (high 

prevalence rates) of anaemia among women of reproductive age in Ethiopia. Assessing the 

geographical distributions of anaemia and the impact of risk factors on disease prevalence by 

area is important for prioritising and designing targeted prevention and intervention programs 

to address anaemia in women (116). In addition, the burden of anaemia has been used as a 

measurable indicator of soil-transmitted helminthiasis, so understanding the geographical 

distribution of anaemia can help target prevention and control mechanisms for parasitic 

infections such as these (119). 

Thus, this study aimed to assess the spatial distribution and determinant factors of anaemia 

among women of reproductive age in Ethiopia. 

5.2 Methods 

5.2.1 Patient and public involvement 

This study used a publicly available dataset of the 2016 EDHS; therefore, there were no patients 

or members of the public involved. 

5.2.2 Study design and setting 

An in-depth analysis of the 2016 EDHS data was undertaken for this study. The 2016 EDHS 

was a population-based cross-sectional study conducted across the country. It was the fourth 

national survey conducted in all parts of Ethiopia in nine regional states (Tigray; Afar; Amhara; 

Oromia; Somali; Benishangul-Gumuz; SNNP’s Region; Gambella; and Harari) and two city 

administrations (Addis Ababa and Dire Dawa) (48). In Ethiopia, the states are administratively 
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further subdivided into zones, zones into woreda and woreda further into the lowest unit called 

kebele. 

5.2.3 Sampling and data measurements 

In the 2016 EDHS, stratified and cluster multistage sampling was used, and it was intended to 

be representative at the regional and national level in terms of appropriate demographic and 

health indicators. In the first stage, 645 clusters of EAs (202 urban and 443 rural) were 

identified using probability proportional to the size of EAs. In the second stage, a random 

sample of 18,008 households was selected from all the identified EAs. A total of 15,683 women 

aged 15–49 years were interviewed, and Hgb levels were measured for 14,923 of them (48) 

(see Figure 5.1). Data collection took place from 18 January 2016 to 27 June 2016. 

The sample size for the EDHS was determined based on the multistage sampling procedure, 

taking into consideration the sampling variation. Standard errors were computed using the 

Taylor linearization method. The design effect, which is the ratio between the standard error 

with the given sample design and the standard error that would result if a simple random sample 

had been used, was determined (48). 

Hgb levels of the women were measured using HemoCue, which is the standard test used in 

the 2016 EDHS, and all Hgb values were adjusted for both altitude and smoking status (48). 

Pregnant women with a Hgb value < 11 g/dL and non-pregnant women with a Hgb value 

< 12 g/dL were considered anaemic (62). Similarly, anaemia was classified according to its 

severity as severe (Hgb < 7 g/dL), moderate (Hgb 7.0–9.9 g/dL) and mild (Hgb 10.0–10.9 g/dL 

in pregnant women and 10.0–11.9 g/dL in non-pregnant women) (62). 
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Figure 5-1 Selection of sample in the 2016 EDHS. 

Note. EA = enumeration area; Hgb = haemoglobin. 

 

5.2.4 Explanatory variables (determinant factors) 

Both individual- and community-level factors were used. The individual- and community-level 

factors included in this study are presented in Table 3.1, with their definitions and coding. The 

variables were selected based on the literature review on factors affecting anaemia (46, 66, 113, 

114), and sociodemographic, maternal, as well as community-level factors, were identified as 

important factors for the occurrence of anaemia. Therefore, all the available variables in the 

dataset were included in the analysis. Individual factors included age, religion, marital status, 

educational status, BMI, birth interval, use of contraceptives, wealth index, family size, 

iron/folate intake and gravidity of women. The community-level factors were residence (urban, 

rural), region, water source and latrine facility type. Community-level measures could also be 

derived by aggregating individual-level variables: for example, the proportion of women in the 

community who are in the top quantile of wealth index and the proportion of women in the 

community who have clean water access. Community-level factors describe the group of 

populations living in similar settings. 

In the first stage 645 clusters of EAs (202 urban and 443 
rural) were identified  

In the second stage 18,008 random sample of households were 
selected from all the identified EAs 

16,650 were successfully interviewed 

16,583 eligible women aged 15-49 years 
were identified for individual interviews 

15,683 women were interviewed 
Hgb levels were measured for 14,923 
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The assumption of independence of observation was taken as a basis to determine which 

variables were analysed at the individual and community levels. If the observations at the 

individual level were independent, variables were treated as individual-level factors. However, 

if the observations were clustered into higher levels of units, and if several women had shared 

features (such as place of residence, types of water source, latrine facility and region) that could 

have the same effect on anaemia among women in the locality, then variables were analysed at 

the community level. 

5.2.5 Data analysis 

 Spatial analysis 

Spatial analyses were performed using GeoDa version 1.8.10 (geodacenter.github.io), QGIS 

version 2.18.0 (qgis.org) and ArcGIS version 10.1 (arcgis.com) with base files of the 

administrative regions for Ethiopia obtained from DIVA-GIS (diva-gis.org). The spatial 

analysis was conducted by joining the occurrence of anaemia in each cluster (as a proportion) 

to the corresponding geospatial location (survey cluster values). The values of the EDHS data 

were merged with the GPS dataset in GeoDa, and these values were imported into QGIS. 

Anaemia proportions were then computed at lower (cluster), zonal and regional levels using 

QGIS. 

The spatial pattern of the rate of anaemia among women of reproductive age was visualised 

and a spatially smoothed proportion was obtained through empirical Bayes estimation methods 

(246). The smoothed proportions presented clearer patterns: that is, where the problem was 

most severe. The spatial empirical Bayes ‘smooth’ estimates technique was able to deal with 

spatial heterogeneity. The estimation technique guarantees that estimates of neighbouring 

states are more alike than estimates of states that are further away (247). 

A standardised prevalence rate, or the ratio of the observed prevalence rate to a national 

prevalence rate, was determined using GeoDa (247). GeoDa implements this in the form of an 

excess risk estimate as part of the map. The excess risk rate is the ratio of the observed rate to 

the average rate computed for all the data (247). 

Furthermore, a spatial analysis was performed to identify the clustering of anaemia in women 

or hotspot areas (the areas that have higher anaemia prevalence rates compared to the national 

average) in different regions of Ethiopia. Spatial analysis is an epidemiological method useful 

for identifying geographic areas with high or low rates of disease occurrence and variability 

over the region or country (245). The Getis-Ord Gi* statistic was used for this spatial analysis. 
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Local Getis-Ord Gi* statistics (248) were important for identifying the hot and cold spot areas 

for anaemia in women of reproductive age using GPS latitude and longitude coordinate 

readings, which were taken at the nearest community centre for EAs or 2016 EDHS clusters 

(48). An anaemia hotspot refers to the occurrence of high prevalence rates of anaemia clustered 

together on the map, whereas cold spot refers to the occurrence of low prevalence rates of 

anaemia clustered together on the map (248). 

A local Getis-Ord Gi* statistic tool in ArcGIS was used to calculate the spatial variability of 

high and low prevalence rates of anaemia among women of reproductive age. Autocorrelation 

can be classified into positive and negative correlation through local Getis-Ord Gi* statistics 

(248). Positive autocorrelation occurs when similar values are clustered together on a map 

(high rates surrounded by nearby high rates or low rates surrounded by nearby low rates). 

Negative autocorrelation indicates different values are clustered together on a map: that is, high 

values surrounded by nearby low values or low values surrounded by nearby high values. 

Statistical significance of autocorrelation was determined by z scores and p values with a 95% 

level of confidence. The distribution of and variations in anaemia prevalence rates among 

women across the country were displayed on the map. 

 Statistical analysis 

The descriptive statistical analysis was performed using SPSS version 24.0 (spss.com) and 

complex sample analysis. Frequencies, percentages and standard deviations were used for the 

descriptive analysis. Since some regions with small populations were over-sampled, while 

others with large populations were under-represented, the weighted frequencies and 

percentages (based on the population sizes of each region) were computed as a correction. The 

detailed weighting procedure is described in the 2016 EDHS report (48). The mean and 

standard deviation were computed for blood Hgb level. The mean Hgb value was also 

compared across different independent categorical variables using one-way ANOVA. 

The multivariable multilevel logistic regression model was used to determine the association 

between different factors and anaemia among women. The analysis was performed using SAS 

version 9.4 (SAS, North Carolina State University, sas.com) using PROC GLIMMIX with 

Laplace’s method. For this multilevel analysis, four models were constructed. The first model 

was constructed without independent variables to assess the effect of community variation on 

anaemia among women. The second model incorporated individual-level factors. The third 

http://www.spss.com/
http://www.sas.com/
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model included community-level factors. Finally, the fourth model included both individual- 

and community-level factors. 

The results of fixed effects analysis were presented as odds ratios with 95% confidence 

intervals. An AOR with 95% confidence intervals was computed to identify the independent 

factors of anaemia among women and a p < 0.05 was used as a measure of statistical 

significance. A multicollinearity test was performed to rule out a significant correlation 

between variables. If the values of the VIF were lower than 10, then the collinearity problem 

was considered less likely. Random effects (variation of effects) were measured with the ICC 

(variance partition coefficient) (249), PCV (250) and MOR (249, 251), which measured the 

variability between clusters in multilevel models. The ICC explains the cluster variability, 

while the MOR can quantify unexplained cluster variability (heterogeneity). The MOR 

translates cluster variance into an odds ratio scale. In the multilevel model, the PCV can 

measure the total variation due to factors at the community and individual levels (250). The 

ICC, PCV and MOR were determined using the estimated variance of clusters utilising the 

following formulas (249, 250): 

ICC = 𝑉

(𝑉 + 
𝜋2

3
)
 and 

MOR = exp√2 × 𝑉 × 0.6745 ~ exp (0.95√𝑉), 

where V is the estimated variance of clusters, and 

PCV = (𝑉𝐴−𝑉𝐵)

𝑉𝐵
 × 100, 

where VA is the variance of the initial model and VB is the variance of the model with more 

terms. 

The multilevel analysis model is one of the analysis methods that could correctly handle the 

correlated data (252). A multilevel model evaluates how factors at different levels affect the 

dependent variable. A multilevel model provides correct parameter estimates by correcting the 

biases introduced from clustering and by producing correct standard errors, thus producing 

correct confidence intervals and significance values (252) 

5.2.6 Ethics considerations 

Publicly available 2016 EDHS data were used for this study. The 2016 EDHS was approved 

by the National Research Ethics Review Committee of Ethiopia (Ref. No. 310/114/2016; see 

Appendix 1) and ICF Macro International (see Appendix 2). Informed consent was taken from 
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each participant and all identifiers were removed. Approval was obtained from MEASURE 

DHS to use the 2016 EDHS dataset. This analysis was approved by the University of Newcastle 

Human Research Ethics Committee (Ref. No. H-2018-0045; see Appendix 3). 

5.3 Results 

5.3.1 Sociodemographic characteristics 

The data on 14,923 women were included in this analysis, including 642 clusters nested in 11 

regions. The descriptive statistics of the study participants are presented in Table 5.1. The mean 

(±SD) age of the respondents was 28.2 years (±9.2 years). The majority of participants lived in 

a rural area (78%). Nearly two-thirds (66%) of participants were married or living with a 

partner. Almost half (48%) of the women had no formal education, and around 43% were of 

the Orthodox Tewahdo Christian religion. Only 18% of the households had access to a piped 

water source for drinking, and 15% had access to an improved latrine facility. Nearly one-third 

(n = 4657; 31.2%) of women were breastfeeding at the time of the survey (see Table 5.1). The 

average Hgb level among lactating mothers was 12.6 g/dL (±1.7 g/dL), and about 28.3% (95% 

CI: 25.7, 31.0%) of these women were anaemic. 

Table 5.1 Sociodemographic and other health-related characteristics of study participants 

included in the analysis, 2016 EDHS. 

Variables 
Weighted 
frequency 

Weighted 
% 

Age (years)   

 15–19 3,165 21.2 
 20–29 5,467 36.6 

 30–39 4,078 27.3 
 40–49 2,213 14.8 

Place of residence    
 Urban 3,169 21.2 

 Rural 11,754 78.8 
Educational status   
 No education 7,215 48.3 

 Primary 5,244 35.1 
 Secondary 1,676 11.2 

 Higher 789 5.3 
Marital status    

 Single 3,758 25.2 
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Variables 
Weighted 
frequency 

Weighted 
% 

 Married 9,800 65.7 
 Divorced/widowed/separated 1,365 9.1 

Religion   
 Orthodox 6,447 43.2 

 Protestant 3,514 23.5 
 Muslim 4,645 31.1 

 Other 317 2.1 
Region   
 Tigray 1,073 7.2 

 Afar 119 0.8 
 Amhara 3,645 24.4 

 Oromia 5,422 36.3 
 Somali 417 2.8 

 Benishangul-Gumuz 146 1.0 
 SNNPR 3,124 20.9 

 Gambella 42 0.3 
 Harari 32 0.2 

 Addis Ababa 825 5.5 
 Dire Dawa 77 0.5 
Wealth index    

 Poorest 2,519 16.9 
 Poorer 2,717 18.2 

 Middle 2,891 19.4 
 Richer 2,979 20.0 

 Richest 3,816 25.6 
BMI   

 < 18.5 3,060 22.1 
 18.5–24.9 9,740 70.5 

  25 1,018 7.4 

Birth interval (months)   

 < 24 1,415 18.3 
  24 6,305 81.7 

Current use of contraceptives   

 Yes  1,088 7.3 
 No  13,835 92.7 

Iron/folate intake during pregnancy (n = 7328)   
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Variables 
Weighted 
frequency 

Weighted 
% 

 Yes  3,108 42.4 
 No/don’t know  4,220 57.6 

Gravidity of women (children ever born)   
 0 4,745 31.8 

 1–3 4,715 31.6 
 4+ 5,464 36.6 

Children ever born in the preceding 5 years   
 0 7,595 50.9 
 1  4,475 30.0 

 2+ 2,852 19.1 
Currently breastfeeding   

 Yes  4,657 31.2 
 No  10,266 68.8 

Currently pregnant    
 Yes 1,088 7.3 

 No 13,835 92.7 
Smoking    

 Yes 96 0.6 
 No 14,827 99.4 
Births in the last year   

 0 12,474 83.6 
 1–2 2,449 16.4 

HIV test   
 Positive  187 1.3 

 Negative  1,4724 98.7 
Water source    

 Piped water 2,646 17.7 
 Other improved  6,926 46.4 

 Unimproved 5,351 35.9 
Latrine facility type   
 Improved toilet 2,231 14.9 

 Unimproved toilet 7,877 52.8 
 Open defecation  4,414 29.6 

 Other 401 2.7 
Anaemia status    

 Anaemic 3,527 23.6 
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Variables 
Weighted 
frequency 

Weighted 
% 

 Non-anaemic 11,396 76.4 
Proportion of women in the community who 
have clean water source; M (SE) 

64.1 (33.6) 

Proportion of women in the community who 
have unimproved latrine facility; M (SE) 

85.1 (25.0) 

Proportion of women in the community who are 
in the lowest quantile of wealth index; M (SE) 

35.1 (30.0) 

Percentage of unimproved water per cluster; M 
(SE) 

35.9 (33.6) 

Note. N = 14,923. SNNPR = Southern Nations, Nationalities and Peoples’ Region; BMI = body mass index; HIV 

= human immunodeficiency virus; M= mean; SE= Standard Error 

 

5.3.2 Prevalence rate of anaemia among women 

Among all respondents, the mean (±SD) blood Hgb level (adjusted for altitude) was 12.8 g/dL 

(±1.7 g/dL). The overall prevalence of anaemia among women of reproductive age across the 

country was 23.6% (95% CI: 22.0, 25.3). The prevalence of mild, moderate and severe anaemia 

among all women of reproductive age was 17.8% (95% CI: 16.7, 19), 5.0% (95% CI: 4.3, 5.8) 

and 0.8% (95% CI: 0.5, 1.2), respectively. There was regional variation in anaemia prevalence 

among women of reproductive age (p = 0.0001) and higher prevalence rates observed in the 

Afar, Somali, Gambella, Dire Dawa and Oromia regions. A lower prevalence of anaemia was 

observed in the Addis Ababa, Tigray and Amhara regions. Rural areas had a higher prevalence 

of anaemia in women (25.4%; 95% CI: 23.5, 27.4) than compared to urban areas (17.0%; 95% 

CI: 14.4, 20.0; p = 0.0001). The highest proportion of anaemia among women was found in the 

Somali Regional State, while the lowest proportions were found in Addis Ababa (see Table 

5.2). 

Table 5.2 The variation of anaemia prevalence rates across different regions and different 

sociodemographic characteristics of women in Ethiopia, 2016. 

Region  

Weighted frequency Weighted proportion 
of anaemia (95% CI) p Anaemic Non-anaemic 

Place of residence   0.0001 

 Urban  538 2,630 17.0 (14.4, 20.0)  

 Rural  2,989 8,766 25.4 (23.5, 27.4) 

Region     0.0001 

 Tigray 212 861 19.7 (16.8, 23.0)  
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Region  

Weighted frequency Weighted proportion 
of anaemia (95% CI) p Anaemic Non-anaemic 

 Afar 53 66 44.7 (39.9, 49.6) 

 Amhara 627 3,019 17.2 (14.9, 19.7) 

 Oromia 1,480 3,942 27.2 (23.8, 31.1) 

 Somali 248 169 59.5 (55.2, 63.7) 

 Benishangul-Gumuz 28 118 19.2 (16.1, 22.7) 

 SNNP 704 2,420 22.5 (19.4, 26.0) 

 Gambella 11 31 26.1 (21.3, 31.5) 

 Harari 9 23 27.7 (23.7, 32.1) 

 Addis Ababa 132 693 16.0 (13.5, 18.8) 

 Dire Dawa 23 54 30.0 (25.8, 34.8) 

Educational status   0.0001 

 No education 2,002 5,212 27.8 (25.4, 30.2)  

 Primary 1,136 4,108 21.7 (19.8, 23.7) 

 Secondary 297 1,378 17.8 (14.9, 21.0) 

 Higher 91 697 11.5 (8.2, 16.0) 

Wealth index    0.0001 

 Poorest 863 1,656 34.3 (29.7, 39.1)  

 Poorer 688 2,028 25.3 (22.6, 28.3) 

 Middle 686 2,205 23.7 (21.2, 26.5) 

 Richer 625 2,354 21.0 (18.6, 23.6) 

 Richest 664 3,152 17.4 (15.1, 19.9) 

Currently pregnant   0.003 

 Yes  317 771 29.1 (24.9, 33.7)  

 No  3,210 10,625 23.2 (21.6, 24.9) 

Currently breastfeeding    0.0001 

 Yes  1,317 3,340 28.3 (25.7, 31.0)  

 No  2,210 8,055 21.5 (20.0, 23.2)  

Total  3,527 11,396 23.6 (22.0, 25.3)  

Note. SNNP = Southern Nations, Nationalities and Peoples. 

Around 1088 (7.3%; 95% CI: 6.6, 8.1) participants were pregnant at the time of the interview. 

The mean Hgb level among pregnant women was 11.7 g/dL (±1.8 g/dL) and 29.1% (95% CI: 

24.9, 33.7) of these women were anaemic. The prevalence of anaemia was higher among 

pregnant women (29.1%; 95% CI: 24.9, 33.7) than non-pregnant women (23.2; 95% CI: 21.6, 

24.9; p = 0.003; see Table 5.2). The mean Hgb value of women in their second and third 

trimesters was significantly lower compared to women in their first trimester (p = 0.001). The 
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mean Hgb levels in pregnant women who had less than a 24-month birth interval (for their 

most recent birth) were significantly lower compared to women who had a birth interval of less 

than or equal to 24 months (p = 0.0001). Similarly, receiving iron/folate supplements during 

pregnancy improved the mean Hgb values in pregnant women (see Table 5.3). 

Table 5.3 Hgb levels among pregnant women in Ethiopia, 2016. 

Variables  Number 
Hgb level (g/dL) 

M (SD) p* 

Children ever born 1,088  0.0001 

 0 213 12.1 (1.7)  
 1–3 484 11.7 (1.8)  

 4+ 390 11.5 (1.8)  
Pregnancy stage 1,088  0.0001 

 1st trimester  226 12.4 (1.7)  
 2nd trimester  433 11.6 (1.6)  

 3rd trimester  429 11.5 (1.9)  
CEB in last 5 years  1,088  0.0001 

 0 339 12.1 (1.7)  
 1  484 11.7 (1.8)  
 2+ 265 11.4 (1.9)  

Fe-Fol supplementation  749  0.018 
 Yes  251 11.8 (1.5)  

 No  498 11.5 (1.9)  
Birth interval  702  0.0001 

 < 24 months 206 11.2 (2.0)  

  24 months  497 11.9 (1.5)  

Note. Hgb = haemoglobin; CEB = children ever born; Fe-Fol = iron–folate 

*of ANOVA or independent t test. 

5.3.3 Determinant factors of anaemia among women of reproductive age 

 Multilevel Analysis (fixed-effects analysis) 

The results of multilevel logistic regression for the individual- and community-level variables 

are presented in Table 5.4. In the full model, in which all individual- and community-level 

factors are included, residence, education, religion, wealth index, pregnancy, breastfeeding 

status, gravidity and lack of availability of an improved latrine were factors significantly 

associated with anaemia in women. The results of the multicollinearity test indicated that no 

collinearity problem existed, since the VIF of all variables was lower than 10. 
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5.3.3.1.1 Individual-level factors 

The average Hgb value was significantly different across age groups (p = 0.0001). The highest 

mean Hgb level (13 g/dL) was observed in the youngest (15–19 years) age group, while the 

lowest mean Hgb level (12.71 g/dL) was observed in the 30–34 years age group. The general 

pattern indicated a roughly linear decline among women aged 15–34 years (see Figure 5.2). 

Women aged 40–49 years were 25% less likely to be anaemic compared to women in the 

youngest age group (15–19 years old; AOR = 0.75; 95% CI: 0.64, 0.96). Women with limited 

education were 1.37 times more likely to be anaemic than women who had completed higher 

education (AOR = 1.37; 95% CI: 1.102, 1.72). The odds of anaemia increased by 29% 

(AOR = 1.29; 95% CI: 1.014, 1.60) when comparing the poorest women to the richest women. 

The odds of anaemia were higher in women who were pregnant (AOR = 1.28; 95% CI: 1.10, 

1.51) compared to those who were not pregnant. Women who were currently breastfeeding 

were 9% (AOR = 1.09; 95% CI: 1.025, 1.28) more likely to be anaemic. The odds of anaemia 

were 39% higher among mothers who had given birth to four or more children (AOR = 1.39; 

95% CI: 1.13, 1.69). Women who had given birth to two or more children in the five years 

preceding the survey were at higher risk of having anaemia (AOR = 1.31; 95% CI: 1.09, 1.57). 

In this study, women who were HIV-positive had twofold increased odds of having anaemia 

compared to women classified as HIV-negative (AOR = 2.11; 95% CI: 1.59, 2.79; see Table 

5.4). 
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Figure 5-2 Average Hgb value, with 95% CI, for women of reproductive age in different age 

groups, Ethiopia, 2016. 

 

5.3.3.1.2 Community-level factors 

Living in a rural area was associated with 29% higher odds of anaemia among women of 

reproductive age than women who were urban residents (AOR = 1.29; 95% CI: 1.02, 1.63). 

Women from households without access to a latrine had 18% higher odds of anaemia compared 

to women from households that had an improved latrine facility (AOR = 1.18; 95% CI: 1.01, 

1.39). Higher odds of anaemia were observed in Somali Regional State (AOR = 2.16; 95 % CI: 

1.58, 2.90) compared to Dire Dawa. However, the odds of anaemia among women were lower 

in Gambella, Addis Ababa, Amhara and Oromia regions compared to Dire Dawa (see Table 

5.4). 

 Multilevel analysis (random-effects analysis) 

The results of the random-effects model are shown in Table 5.4. Prevalence rates of anaemia 

varied across communities (t2 = 0.88, p  0.0001). In other words, the anaemia prevalence rate 
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was not similarly distributed across the communities. About 21% of the variance in the odds 

of anaemia in women could be attributed to community-level factors, as calculated by the ICC 

based on estimated intercept component variance. After adjusting for the individual and 

community-level factors, the variation in anaemia across communities remained statistically 

significant. About 16% of the odds of anaemia variation across communities was observed in 

the full model (Model 4; see Table 5.4). 

Moreover, the MOR indicated that anaemia was attributed to community-level factors. The 

MOR for anaemia was 2.44 in the empty model (Model 1); this shows that there was variation 

between communities (clustering) since MOR was 2.4 times higher than the reference 

(MOR = 1). The unexplained community variation in anaemia decreased to a MOR of 2.1 when 

all factors were added to the null model (empty model). This indicates that, when all factors 

are included, the effect of clustering is still statistically significant in the full model (see Table 

5.4). 

Table 5.4  Adjusted odds ration from multivariable multilevel logistic regression analysis for 

determinant factors associated with anaemia among Ethiopian women, 2016. 

Variables  AOR(95%CI) 
Model 1 

AOR(95%CI) 
Model 2 

AOR(95%CI) 
Model 3 

AOR(95%CI) 
Model 4 

Individual-level factors   

Age (years)     
 15–19  1  1 

 20–29  0.93 (0.81, 1.07)  0.96 (0.82, 1.19) 
 30–39  0.89 (0.75, 1.10)  0.92 (0.78, 1.11) 

 40–49  0.76 (0.61, 0.92)  0.75 (0.64, 0.96) 
Educational status     
 No education   1.41 (1.13, 1.76)  1.37 (1.10, 1.72) 

 Primary  1.22 (0.99, 1.51)  1.24 (1.00, 1.53) 
 Secondary  1.22 (0.98, 1.5)  1.23 (0.98, 1.52) 

 Higher  1  1 
Marital status      

 Single  0.99 (0.80, 1.22)  0.97 (0.81, 1.22) 
 Married  1.07 (0.92, 1.23)  1.09 (0.91, 1.23) 

 Divorced/widowed/separated 1  1 
Religion     

 Orthodox  1   
 Protestant  1.36 (1.16, 1.58)  1.37 (1.15, 1.63) 
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Variables  AOR(95%CI) 
Model 1 

AOR(95%CI) 
Model 2 

AOR(95%CI) 
Model 3 

AOR(95%CI) 
Model 4 

 Muslim  2.04 (1.79, 2.33)  1.36 (1.16, 1.58) 
 Other  1.49 (1.05, 2.12)  1.52 (1.06, 2.13) 

Wealth index      
 Poorest  1.73 (1.48, 2.03)  1.29 (1.01, 1.60) 

 Poorer  1.31 (1.10, 1.54)  1.21 (0.96, 1.45) 
 Middle  1.28 (1.08, 1.51)  1.22 (0.98, 1.50) 

 Richer  1.04 (0.88, 1.24)  1.01 (0.82, 1.24) 
 Richest  1  1 
Currently using contraceptives   

 Yes  0.99 (0.90, 1.10)  1.0 (0.91, 1.11) 
 No   1  1 

Currently pregnant      
 Yes   1.30 (1.11, 1.52)  1.28 (1.10, 1.51) 

 No  1  1 
Currently breastfeeding   

 Yes  1.12 (1.00, 1.24)  1.09 (1.03, 1.28) 
 No   1  1 

Gravidity of women (total children ever born)  
 0  1  1 
 1–3  1.23 (1.03, 1.46)  1.22 (1.02, 1.44) 

 4+  1.40 (1.15, 1.72)  1.39 (1.13, 1.69) 
Smoking      

 Yes  0.98 (0.64, 1.50)  1.05 (0.69, 1.61) 
 No   1  1 

Birth in the last 1 year    
 0  1  1 

 1–2  1.20 (1.05, 1.37)  1.15 (1.01, 1.32) 
Children ever born in preceding 5 years   

 0   1  1 
 1   1.12 (0.96, 1.29)  1.10 (0.95, 1.27) 
 2+   1.39 (1.16, 1.66)  1.31 (1.09, 1.57) 

HIV test      
 Positive   2.19 (1.65, 2.91)  2.11 (1.59, 2.79) 

 Negative   1  1 

Community-level factors  

Place of residence    
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Variables  AOR(95%CI) 
Model 1 

AOR(95%CI) 
Model 2 

AOR(95%CI) 
Model 3 

AOR(95%CI) 
Model 4 

 Urban   1 1 
 Rural   1.67 (1.35, 2.05) 1.29 (1.02, 1.63) 

Region      
 Tigray   0.39 (0.28, 0.53) 0.52 (0.38, 0.72) 

 Afar   1.25 (0.91, 1.70) 1.14 (0.83, 1.56) 
 Amhara   0.30 (0.22, 0.41) 0.39 (0.28, 0.54) 

 Oromia   0.55 (0.41, 0.75) 0.57 (0.42, 0.78) 
 Somali   2.40 (1.78, 3.27) 2.16 (1.58, 2.90) 
 Benishangul-

Gumuz 
  0.36 (0.25, 0.50) 0.37 (0.26, 0.52) 

 SNNPR   0.40 (0.29, 0.54) 0.41 (0.29, 0.57) 
 Gambella   0.63 (0.45, 0.87) 0.63 (0.45, 0.89) 

 Harari   0.74 (0.53, 1.04) 0.76 (0.54, 1.04) 
 Addis Ababa   0.54 (0.39, 0.73) 0.67 (0.49, 0.91) 
 Dire Dawa   1 1 

Water source      
 Piped water   1 1 

 Other improved    1.15 (0.95, 1.39) 1.04 (0.86, 1.26) 
 Unimproved    1.18 (0.95, 1.44) 1.03 (0.83, 1.27) 

Latrine facility type   
 Improved toilet   1 1 

 Unimproved toilet   1.12 (0.97, 1.29) 1.08 (0.94, 1.25) 
 Open defecation   1.33 (1.15, 1.55) 1.18 (1.00, 1.39) 

 Other    0.86 (0.64, 1.17) 0.94 (0.69, 1.27) 

Random effects (effect of variation/measure of variation for anaemia) 

 Community-level 
variance (SE) 0.888 (0.07) 0.46 (0.05) 0.32 (0.04) 0.31 (0.035) 

 p 0.001 0.001 0.001 0.001 
 DIC (–2 log-

likelihood) 7926.056 7749.25 7720.74 7613.56 
 ICC (%) 21.25 16.10 18.30 15.86 

 Explained variation: 
PCV (%) Reference 40.95 21.00 43.10 

 MOR 2.44 2.13 2.30 2.10 

Note. Model 1 = empty model (without predictors); Model 2 = adjusted for individual factors; Model 3 = adjusted 

for community-level factors; Model 4 = adjusted for both community- and individual-level factors. HIV = human 

immunodeficiency virus; SNNPR = Southern Nations, Nationalities and Peoples’ Region; DIC = deviance 
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information criterion; ICC = intra-cluster correlation coefficient; PCV = percentage change in variance; MOR = 

median odds ratio.  
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5.3.4 Spatial data analysis 

Figure 5.3 displays the empirical Bayes smoothed proportion estimate of anaemia among 

women across regions in Ethiopia. A severe anaemia prevalence rate (≥ 40%) among women 

of reproductive age was observed in Afar and Somali regional states. Likewise, a moderate 

anaemia prevalence rate (20%–40%) was observed for Oromia, Gambella, SNNP’s, Harari and 

Dire Dawa regional states. Conversely, a mild anaemia prevalence rate (< 20%) was observed 

in Tigray and Amhara regional states and Addis Ababa. 

Similarly, the standardised prevalence ratio by region (standardised to the national average 

prevalence of 23.6%), ranging from 0.63 to 2.39, is displayed in Figure 5.4. A higher 

prevalence ratio of anaemia was observed in Somali (2.39), Afar (1.8) Oromia (1.17), Dire 

Dawa (1.15) and Gambella (1.12) regional states (see Figure 5.4). A lower prevalence ratio of 

anaemia occurred in other regional states: Addis Ababa (0.64), Amhara (0.76), Benishangul-

Gumuz (0.79), SNNP’s Region (0.96) and Tigray (0.85). 

Figure 5.5 displays the smoothed anaemia prevalence rates at the zonal level, where higher 

anaemia rates were observed in all zones in Afar and Somali regions as well as in some zones 

in Oromia. Similarly, the higher standardised ratios of anaemia were observed in all zones in 

Afar and Somali regions as well as in some zones in Oromia (see Figure 5.6). 

The spatial distributions of anaemia among women at the lower level (cluster level) is displayed 

in Figure 5.7. The spatial investigation at the cluster level indicated statistically high hotspots 

of anaemia in the eastern (Somali, Dire Dawa and Harari regions) and in north-eastern (Afar) 

parts of the country, while cold spots of anaemia were observed in the northern (Tigray, 

Amhara), central (Addis Ababa and Oromia) and western (Benishangul-Gumuz and Gambella) 

parts of the country (see Figure 5.7). 
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Figure 5-3 Spatial empirical Bayesian smoothed percentage of anaemia among women of 

reproductive age across regions, 2016 EDHS. 

 
Figure 5-4 Standardised prevalence ratio for anaemia among women of reproductive age 

across the regions in Ethiopia (standardised to national prevalence of 23.6%), 2016 EDHS. 
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Figure 5-5 Spatial empirical Bayesian smoothed proportion of anaemia among women of 

reproductive age at zonal level, 2016 EDHS. 

 

Figure 5-6 Standardised prevalence ratios for anaemia among women of reproductive age 

across zones in Ethiopia (standardised to national prevalence of 23.6%), 2016 EDHS. 
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Figure 5-7 Spatial pattern of hotspots and cold spots of anaemia rates among women of 

reproductive age at the cluster level in Ethiopia, 2016 EDHS. 

 

5.4 Discussion 

Approximately a quarter of women of reproductive age were anaemic in the current study, 

indicating that anaemia is a moderate public health problem at the national level in Ethiopia 

(62). However, geographic differences demonstrated that anaemia is a serious public health 

problem in five of the 11 Ethiopian states. A higher proportion of anaemia cases was observed 

in the eastern and north-eastern parts of the country, which are less developed compared to 

other Ethiopian states in terms of economy, gender equality, healthcare facilities and food 

availability (51). The geographical differences of anaemia across the regional states might be 

attributable to the regional variation of food consumption preferences (55, 56), the occurrence 

of communicable diseases such as helminths (54) and malaria (329) and differences in 

availability of healthcare facilities (68). In addition, the lack of clean water and unimproved 

latrine facilities would increase the occurrence of soil-transmitted infections (105), which in 
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turn could lead to anaemia (106). This might explain some of the observed geographical 

differences. 

According to the final model, both individual- and community-level factors were responsible 

for about 43% of the disparity of anaemia prevalence rates among women of reproductive age 

in Ethiopia. After adjusting for all factors in the model, the likelihood of having anaemia was 

higher among those of younger age, with lower levels of education, living in rural areas, in the 

lowest wealth quantile, who were currently pregnant or breastfeeding, with high gravidity, who 

had given birth in the year prior to the survey and who were without access to an improved 

latrine facility. 

Women aged 40–49 years had a lower likelihood of being anaemic compared to women aged 

15–19 years. This finding is in line with other study findings from Ethiopia (77, 327) and Benin 

(96). This could be due to the fact that low fertility rates occurred in this age group (40–49 

years) (48). However, in Iran (83), it has been reported that women aged 20–24 years were less 

likely to be anaemic compared to those aged 45–49 years; this might be a result of Iran having 

targeted interventions for younger women or women of reproductive age (83). 

In this study, it was found that there was a variation of the anaemia rate in terms of the 

educational status of women. A higher proportion of anaemic cases were observed among 

women with no education. It was found that women who did not have formal education had 

higher odds of being anaemic than those with a higher education. This is consistent with other 

studies conducted in developing countries (70), including in Ethiopia (77), Timor-Leste (82), 

Benin (96) and India (76, 97), in which it was reported that a low level of education was 

associated with higher odds of anaemia among women of reproductive age. Formal education 

might assist women in obtaining knowledge that in turn helps them to follow better personal 

behaviours, like diversified diet intake, and to form better health-seeking habits and hygiene 

practices that can prevent anaemia among women. 

A higher proportion of anaemic cases was observed among women in the poorest wealth 

quantile. The lowest wealth quantile, compared to the highest quantile, was associated with a 

higher risk of anaemia. Results of this study show that women who were in the poorest wealth 

quintile were 30% more likely to be anaemic than women who belonged to the richest quintile; 

this is in line with the results of other studies conducted in other developing countries (70) like 

Benin (96) and India (97, 98). This might be due to the fact that having a low income would 

mean having less money to buy nutritious foods or to have a balanced diet and less likely to 
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afford quality healthcare (36, 219), which in turn leads to inadequate nutrient intake and 

nutritional status (330). More than 38% of the Ethiopian population belongs to the poor and 

poorest wealth quintiles, which indicates a large percentage of women are at risk for anaemia 

because of a low socioeconomic position (48). 

Lactating mothers were 9% more likely to have anaemia than non-lactating mothers. Lactating 

may predispose women to low Hgb, which results in anaemia. In a study conducted in India 

(80), a similar finding was reported: lactating mothers were more likely to be anaemic than 

non-lactating women. 

The findings of our study clearly show the role of women’s fertility in anaemia. Increased odds 

of anaemia were associated with high gravidity, births in the five years prior to the survey and 

having a birth in the past year. Similar studies in Ethiopia (77), Iran (83) and Timor-Leste (82) 

have also documented this association between parity and risk of anaemia. The results of 

studies from Pakistan (78, 81) and Iran (83) have indicated that women with a parity of four or 

more were found to be at increased risk of anaemia than women with lower parity. This might 

be explained by that fact that, the more the women give birth, the more they are exposed to 

blood loss, which in turn results in low Hgb levels in the blood (85). Similarly, prior births may 

deplete maternal iron stores due to the increased nutritional demands of pregnancy and 

puerperal blood loss (86). Consequently, emphasis needs to be placed on family planning 

services. Increased odds of anaemia were observed in HIV-positive women. In this study, 

women who were HIV-positive had a twofold increased odds of having anaemia. This could 

be due to the direct effects of the HIV infection on the bone marrow and depletion of Hgb 

levels in the blood (93). Many of the opportunistic infections to which patients with HIV are 

susceptible might also lead to anaemia (93). 

This study revealed that there is a significant difference in the proportion of anaemia cases 

according to the place of residence (i.e., urban or rural). The likelihood of having anaemia was 

higher for rural residents compared to urban residents. This is in agreement with a study 

conducted in low-income countries, in which it was revealed that living in a rural area was a 

determinant factor for anaemia (70). A recent report also illustrated that more than half of the 

Ethiopian population only had access to unimproved toilet facilities (331). Our study findings 

revealed that women from households with unimproved latrine facilities were more likely to 

be anaemic than women from households with improved latrine facilities. This is in agreement 

with other research findings (96, 104). The possible explanation might be that an unimproved 
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latrine facility exposes women to helminthic infections (105), which in turn results in them 

developing anaemia (106). 

5.5 Strengths and limitations 

This study used large population-based data with a large sample size, which was representative 

of all regions of Ethiopia. Furthermore, a combination of statistical methods (spatial analysis 

and multilevel logistics analysis) were applied to this study, which allowed for the 

understanding of the role of contextual and geographical factors in the occurrence of anaemia 

among women of reproductive age. Due to the cross-sectional nature of the EDHS data, the 

cause/effect and the temporal relationship could not be established based on these study 

findings. Similarly, essential factors such as dietary intake and behavioural factors were not 

available in the EDHS survey, so it was not possible to incorporate these variables in the 

analysis. Furthermore, EDHS was a questionnaire-based survey and relied on the memory of 

respondents, and, as such, recall bias in the results might be a weakness of this study. 

5.6 Conclusion 

This study indicates that considerable geographic disparities in anaemia prevalence rates exist 

within Ethiopia. The results of this study revealed that anaemia among women varied across 

the country; significant anaemia hotspots were observed in the eastern and north-eastern parts 

of the country, while anaemia cold spots were observed in the northern and western parts of 

the country. About 43% of the disparity in anaemia occurrence across communities was 

attributable to both individual- and community-level factors. The increased occurrence of 

anaemia among women was associated with an individual and community-level factors. For 

women, being of rural residence, having no formal education, being in the poorest wealth 

index, either currently pregnant or breastfeeding, and higher gravidity were factors that 

increased the odds of anaemia at the individual level, whereas lack of a clean water source and 

access to an unimproved toilet facility were factors significantly associated with anaemia 

among women. 

Accordingly, the prevention of anaemia among women requires multifaceted intervention 

approaches—for instance, improving the economic and educational status of women and 

improving the availability of clean water and toilet facilities. Anaemia prevention strategies 

must be targeted at these identified factors. Priority should be given to those states or areas that 

have anaemia hotspots. In particular, any intervention programs need to be prioritised for 

pregnant women, women recently giving birth, those with lower levels of education and women 
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living in rural areas. The regions with the greatest numbers of anaemic women (Afar and 

Somali) should be prioritised, as the burden of anaemia is higher in these areas with more than 

50% of women being anaemic. 
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Chapter 6: Population attributable fraction estimates for factors associated 

with different types of anaemia among women in Ethiopia—multilevel 
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This study aimed to estimate the PAFs for factors associated with different types of anaemia 
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Abstract 

Background: Anaemia is one indicator of poor health in women. There is limited evidence 

assessing the predictors for anaemia severity levels (mild, moderate-severe) among women of 

reproductive age in Ethiopia. This study aimed to estimate the PAFs for factors associated with 

different types of anaemia among women in Ethiopia. 

Design: This study was a detailed analysis of the data of the 2016 EDHS, which was a large-

scale population-based cross-sectional study. AORs with 95% confidence intervals were 

computed to identify the independent factors for different levels of anaemia using multilevel 

multinomial regression models, and the PAFs were estimated using these AORs. 

Setting: This study was conducted in Ethiopia. 

Subject: This study focused on women of reproductive age. 

Results: The PAFs showed that the proportion of mild anaemia cases attributable to having no 

formal education was 14.6% (95% CI: 3.4, 24.5), high gravidity (≥ 4) was 11.2% (95% CI: 1.2, 

19.9) and currently breastfeeding was 5.2% (95% CI: 0.0, 10.7). Similarly, the proportion of 

moderate-severe anaemia cases attributable to being in a rural residence was 38.1% (95% CI: 

15.9, 54.8); poorest wealth quantile, 12.6% (95% CI: 2.9, 24.6); giving birth in the last five 

years, 10.5% (95% CI: 2.9, 18.2); and unimproved latrine facilities, 17% (95% CI: 0, 32.5). 
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Conclusions: The PAFs suggest that rural residency, low education, low wealth status, high 

parity, pregnancy and breastfeeding contribute to the occurrence of anaemia among women in 

Ethiopia. Mild anaemia could be reduced by setting intervention strategies targeting women 

with low education, multigravida women and breastfeeding women, while preventing 

moderate-severe anaemia may require increasing income and improving living environments 

through the accessibility of hygienic latrines. 

Key terms: Population-attributable fractions, anaemia, women, multinomial model.  
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6.1 Introduction 

Anaemia is a major public health concern among women in several low-income countries 

(332). In 2011, the WHO estimated that nearly 528.7 million women globally were anaemic, 

mainly in South-East Asian (42%) and African regions (39%) (65). Similarly, about 

20.2 million women were severely anaemic, including 0.8 million pregnant women and 19.4 

million non-pregnant women (65). The prevalence of moderate-severe anaemia is high in 

African countries (332). 

Evidence suggests that specifying anaemia severity levels is important for appropriate 

intervention, particularly in settings that require strengthened control efforts to change the 

burden of anaemia to lower severity levels (70, 117). Findings from the 2016 EDHS indicate 

that anaemia is a moderate public health problem, and all anaemia levels have increased from 

2011 to 2016 (48). Anaemia is a key indicator of poor health among women (119), and several 

health problems among women have been linked to anaemia, including the risk of maternal 

morbidity and mortality (7), PTB (8), LBW (8) and perinatal death (138). Moderate–severe 

anaemia could lead to high blood loss during delivery and the postpartum period (333), which 

can be prevented by targeting the main factors of moderate-severe anaemia before and during 

pregnancy. Thus, preventing anaemia in women of reproductive age can improve maternal and 

perinatal health conditions (70) and subsequent pregnancy and birth outcomes. 

Worldwide, the main contributing factors for anaemia are dietary deficiencies, high parity and 

infections (e.g., geohelminths) (70, 82). Moreover, the risk factors of anaemia among women 

in low-income countries are varied, contextual and multifaceted. In sub-Saharan Africa, iron 

deficiency, malaria, low economic status, illiteracy, multiparity and having an intestinal 

parasitic infection were the main predictors of anaemia in women of reproductive age (77). In 

Ethiopia, the analysis of previous EDHS data has indicated that wealth index, use of family 

planning, ANC use and breastfeeding for two years were factors associated with lower odds of 

having anaemia in lactating mothers (334), and most other studies have focused on pregnant 

women (46, 66, 113, 114). However, there is limited evidence assessing predictors for anaemia 

severity levels (mild, moderate or severe) among women of reproductive age in Ethiopia (71, 

77). 

Additionally, the impact of different factors of anaemia among women of reproductive age has 

not been evaluated using PAF. PAF is an important tool to measure the impact of factors in the 

population. PAFs offer estimates of the proportion of anaemia cases that could be prevented if 
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a particular factor were eliminated or at least reduced in the population. PAF takes into 

consideration the strength of the association between factors, the outcome of interest and the 

prevalence of the factors in the population (115). Thus, a high association between a disease 

and a factor might have a low population impact if the factor is rare. Conversely, a low 

association between a disease and a factor may have a high impact on public health if the factor 

is common (263). In this sense, the PAF is important for understanding the public health impact 

of factors in the population and can assist in prioritising public health intervention strategies 

(116). PAFs are useful for indicating where preventive efforts should be focused to achieve the 

greatest potential reductions in anaemia cases (261). 

This study aimed to identify independent factors for different severity levels of anaemia among 

Ethiopian women through a multivariable multinomial logistic regression model. This study 

also aimed to quantify the PAFs to understand the relative contribution of different factors to 

the occurrence of anaemia using a large-scale, population-based cross-sectional study. 

6.2 Methods 

6.2.1 Study design and setting 

This study used data collected in the 2016 EDHS, which was a population-based cross-

sectional study (48) conducted to provide the latest estimates of key demographic and health 

indicators. The 2016 EDHS datasets are publicly available from MEASURE DHS 

(measuredhs.com). 

6.2.2 Sampling and sample size 

The 2016 EDHS used a two-stage cluster sampling technique. The first stage involved selecting 

645 clusters (primary sampling units) with probability proportional to the size (the number of 

households in the cluster). The second stage involved the systematic sampling of households 

from the selected clusters. A sample of 18,008 households was then selected from the clusters. 

Of this, 16,650 households were successfully interviewed, with 16,583 eligible women 

identified for individual interviews. A total of 15,683 women aged 15–49 years were 

interviewed, and Hgb levels were measured for 14,923 of them (48). Data collection took place 

from 18 January to 27 June 2016 (~5 months). 

6.2.3 Measurements 

HemoCue was used to measure Hgb levels of women and all Hgb values were adjusted for 

altitude and smoking status. Different anaemia levels were defined using WHO cut-off points 

http://www.measuredhs.com/
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(62). Pregnant women with a Hgb value < 11 g/dL and non-pregnant women with a Hgb level 

< 12 g/dL were considered to have anaemia. Similarly, anaemia was classified according to its 

severity levels as severe (Hgb < 7 g/dL) and moderate (7.0–9.9 g/dL) in all women. Mild 

anaemia was classified as a Hgb level of 10.0–10.9 g/dL in pregnant women and a Hgb level 

of 10.0–11.9 g/dL in non-pregnant women based on WHO recommendations (62). For this 

study, anaemia was grouped into three categories: 1) non-anaemic, 2) mild anaemia and 3) 

moderate–severe anaemia. Due to the small number of severe anaemia cases, moderate and 

severe anaemia cases were merged into a single category for analysis purposes. 

The determinant (exposure) variables included for analysis were age (15–24, 25–34, 35–49 

years), educational status (no formal education, primary, secondary, tertiary), marital status 

(single, married/living together, divorced/widowed), place of residence (urban, rural), wealth 

index (poorest, poorer, middle, richer, richest), number of children ever born (0, 1–3, ≥ 4), 

births in the last 5 years (0, 1–2), currently pregnant (at the time of the survey: pregnant, not 

sure/non-pregnant), currently breastfeeding (breastfeeding, non-breastfeeding), current 

contraceptive use (yes, no), toilet facility (improved, unimproved) and water source (improved, 

unimproved). 

6.2.4 Statistical analysis of the data 
All analyses were conducted using Stata version 14 (Stata Corp, College Station, TX, USA, 

stata.com). Complex sample analysis methods were used (26, 27), which took into 

consideration the DHS sampling design by incorporating the sampling frame information 

(primary sampling units and strata) and weights in all analyses, presented as percentages with 

95% confidence intervals. Using Stata, the survey analysis module commands (‘[SVY]’) were 

used to account for the complex sampling design, including the sampling weight. The 

prevalence rate of anaemia (any, mild and moderate-severe) was estimated in terms of different 

factors such as residence, education status, age, wealth index and gravidity. 

The independent predictors of mild and moderate-severe anaemia were identified using a 

multinomial logistic regression model, with non-anaemia used as the reference. A multinomial 

regression model was selected for the analysis when it was determined that the assumption of 

proportional odds was not satisfied for an ordinal logistical model, as recommended by Hosmer 

and Lemeshow (28). Moreover, we wanted to estimate a separate coefficient for each category 

(mild, moderate-severe) of the outcome, using one category (non-anaemia) as the reference. In 

this regard, the multinomial model was suitable for estimating the coefficient for each category 
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of the outcome variable. Thus, multinomial logistic regression could enable the extraction of 

more information from the data and prevent the loss of information due to the collapsing of 

categories. In addition, the multinomial logistic regression had further advantages: 1) it does 

not assume a linear relationship between the dependent variable and independent variables, and 

2) normally distributed error terms are not assumed (28). 

Given the hierarchical structure of the sample, a multivariable multilevel logistic model was 

initially applied to assess the associations between different factors and any anaemia (yes, no) 

among women in Ethiopia. Subsequently, multilevel multinomial logistic regression models 

were used to identify independent predictors for different levels of anaemia (mild and 

moderate-severe compared to no anaemia). The AORs with 95% confidence intervals were 

computed using GSEMs (Stata command ‘GSEM’) (29, 30), which allow for the fitting of 

complex models and take into consideration the hierarchical structure of the data (31). A 

p < 0.05 was used as a measure of statistical significance in the final model. The random effects 

(variation of effects) were measured by a variance partition coefficient (32), which measures 

the cluster variability in the multilevel models. 

PAFs were estimated to assess the contribution of each factor to the occurrence of anaemia 

(any, mild, moderate-severe) among women. PAFs were estimated by using AORs from the 

multivariable logistic regression model for each variable that was significantly associated with 

anaemia (any, mild, moderate-severe). Estimating attributable fractions using logistic 

regression analysis was initiated by Bruzzi et al. (33), developed by Eide and Gefeller (34), 

and was operationalised by Rückinger and colleagues (35). Ideally, risk ratios would be used 

to estimate PAFs. However, the odds ratio calculated from cross-sectional and case-control 

studies can also be used to compute PAFs (24) when risk ratios are not appropriate or available. 

Thus, in this study, the odds ratio was used to estimate the PAFs because EDHS was a cross-

sectional study and odds ratio was calculated through logistic regression. 

The PAFs were calculated using the following formula (24), which has been used in different 

studies (36–38), all of which estimated PAFs using AORs from a cross-sectional or case-

control study: 

𝑃𝐴𝐹 =
𝑝(𝐴𝑂𝑅 – 1)

𝐴𝑂𝑅
, 
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where p is the proportion of women with factors among cases (i.e., ratio of exposed cases 

relative to a total number of cases) and AOR, the adjusted odds ratio, is the association between 

factors and anaemia. 

6.2.5 Ethics approval 

Publicly available 2016 EDHS data were used for this study. The study has also been approved 

by the University of Newcastle Human Research Ethics Committee (Ref. No. H-2018-0045; 

see Appendix 3). 

6.3 Results 

6.3.1 Sociodemographic characteristics and prevalence of anaemia 

The proportion of mild and moderate-severe anaemia among women was estimated to be 

17.8% (95% CI: 16.7, 19.0) and 5.8% (95% CI: 4.9, 6.8), respectively (see Table 6.1). A higher 

prevalence rate of any anaemia was observed among women who had higher gravidity (≥ 4; 

28.8%; 95% CI: 26.7, 30.9) compared to women who had no previous births (18.2%; 95% CI: 

16.4, 20.1). The prevalence of any anaemia was significantly greater in pregnant women 

(29.1%; 95% CI: 24.9, 33.7) than non-pregnant women (23.2%; 95% CI: 21.6, 24.9). Similarly, 

a higher prevalence of moderate-severe anaemia was observed in pregnant women (12.6%; 

95% CI: 10.0%, 15.8%) compared to non-pregnant women (5.3%; 95% CI: 4.4, 6.3; see Table 

6.1). 



111 

Table 6.1 Characteristics of the study population and prevalence of various levels of anaemia in Ethiopian women aged 15–49 years, 2016 

EDHS. 

Variables  

Study population Any anaemia Mild anaemia Moderate–severe anaemia 

n (%) n Weighted % (95% CI) n Weighted % (95% CI) n Weighted % (95% CI) 

Total  14,923 (100) 3,527 23.6 (22.0, 25.3) 2,661 17.8 (16.7, 19.0) 866 5.8 (4.9, 6.8) 

Educational status          
 No education 7,215 (48.3) 2,002 27.8 (25.4, 30.2) 1,466 20.3 (18.8, 21.9) 537 7.4 (6.0, 9.2) 

 Primary 5,244 (35.1) 1,136 21.7 (19.8, 23.7) 883 16.8 (15.2, 18.6) 253 4.8 (4.0, 5.7) 
 Secondary 1,676 (11.2) 297 17.8 (14.9, 21.0) 240 14.3 (11.8, 17.2) 57 3.4 (2.4, 4.9) 
 Higher 789 (5.3) 91 11.5 (8.2, 16.0) 72 9.2 (6.2, 13.3) 19 2.4 (1.3, 4.4) 

Wealth index         
 Poorest 2,519 (16.9) 863 34.3 (29.7, 39.1) 580 23.0 (20.3, 26.0) 283 11.2 (7.8, 15.8) 

 Poorer 2,717 (18.2) 688 25.3 (22.6, 28.3) 509 18.7 (16.4, 21.4) 180 6.6 (5.3, 8.3) 
 Middle 2,891 (19.4) 686 23.7 (21.2, 26.5) 538 18.6 (16.4, 21.0) 149 5.1 (4.0, 6.6) 

 Richer  2,979 (20.0) 625 21.0 (18.6, 23.6) 493 16.6 (14.5, 18.8) 132 4.4 (3.4, 5.7) 
 Richest  3,816 (25.6) 664 17.4 (15.1, 19.9) 541 14.2 (12.3, 16.3) 123 3.2 (2.4, 4.3) 

Residence         
 Urban  3,169 (21.2) 538 17.0 (14.4, 20.0) 441 13.9 (11.7, 16.4) 97 3.1 (2.2, 4.2) 

 Rural  11,754 (78.8) 2,989 25.4 (23.5, 27.4) 2,220 18.9 (17.6, 20.3) 768 6.5 (5.5, 7.8) 
Region         
 Tigray 1,073 (7.2) 212 19.7 (16.8, 23.0) 171 15.9 (13.7, 18.4) 41 3.8 (2.6, 5.6) 

 Afar 119 (0.8) 53 44.7 (39.9, 49.6) 34 28.8 (25.7, 32.0) 19 15.9 (12.6, 20.0) 
 Amhara 3,645 (24.4) 627 17.2 (14.9, 19.7) 534 14.6 (12.8, 16.7) 93 2.5 (1.8, 3.6) 
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Variables  

Study population Any anaemia Mild anaemia Moderate–severe anaemia 

n (%) n Weighted % (95% CI) n Weighted % (95% CI) n Weighted % (95% CI) 

 Oromia 5,422 (36.3) 1,480 27.2 (23.8, 31.1) 1,095 20.2 (17.8, 22.8) 386 7.1 (5.1, 9.8) 
 Somali 417 (2.8) 248 59.5 (55.2, 63.7) 125 30.0 (27.2, 33.0) 123 29.5 (25.8, 33.6) 

 Benishangul-Gumuz 146 (1.0) 28 19.2 (16.1, 22.7) 23 15.8 (13.1, 19.0) 5 3.4 (2.3, 5.0) 
 SNNP 3,124 (20.9) 704 22.5 (19.4, 26.0) 545 17.4 (14.9, 20.2) 160 5.1 (3.8, 6.9) 
 Gambella 42 (0.3) 11 26.1 (21.3, 31.5) 9 20.6 (16.8, 25.0) 2 5.5 (3.8, 7.9) 

 Harari 32 (0.21) 9 27.7 (23.7, 32.1) 6 18.9 (15.5, 22.9) 3 8.7 (6.7, 11.4) 
 Addis Ababa 825 (5.5) 132 16.0 (13.5, 18.8) 105 12.7 (10.7, 15.1) 27 3.2 (2.4, 4.3) 

 Dire Dawa 77 (0.5) 23 30.0 (25.8, 34.8) 16 21.0 (17.6, 24.7) 7 9.2 (6.8, 12.1) 
Age (years)        

 15–19 3,165 (21.2) 631 19.9 (17.9, 22.2) 492 15.6 (13.8, 17.4) 139 4.4 (3.3, 5.7) 
 20–29 547 (36.6) 1,320 24.2 (21.7, 26.8) 947 17.3 (15.6, 19.2) 373 6.8 (5.6, 8.3) 

 30–39 4,078 (27.3) 1,039 25.5 (23.3, 27.8) 783 19.2 (17.3, 21.3) 256 6.3 (5.0, 7.9) 
 40–49 2,213 (14.8) 537 24.3 (21.6, 27.1) 440 19.9 (17.4, 22.6) 98 4.4 (3.4, 5.8) 

Marital status         
 Single 3,757 (25.2) 667 17.7 (15.9, 19.8) 538 14.3 (12.7, 16.2) 129 3.4 (2.6, 4.4) 
 Married 9,800 (65.7) 2572 26.2 (24.3, 28.3) 1896 19.3 (18.0, 20.8) 676 6.9 (5.8, 8.2) 

 Divorced/widowed/ 
separated 1,365 (9.1) 288 21.1 (18.1, 24.5) 227 16.6 (14.0, 19.7) 61 4.5 (2.9, 6.7) 

Religion        

 Orthodox 6,447 (43.2) 1166 18.1 (16.4, 19.9) 961 14.9 (13.6, 16.3) 206 3.2 (2.6, 4.0) 
 Protestant 3,514 (23.5) 851 24.2 (21.2, 27.5) 672 19.1 (16.7, 21.8) 179 5.1 (3.8, 6.7) 
 Muslim 4,645 (31.1) 1,391 30.0 (27.2, 32.8) 969 20.9 (18.7, 23.2) 422 9.1 (7.8, 10.6) 
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Variables  

Study population Any anaemia Mild anaemia Moderate–severe anaemia 

n (%) n Weighted % (95% CI) n Weighted % (95% CI) n Weighted % (95% CI) 

 Other 317 (2.1) 118 37.4 (16.6, 64.2) 60 18.9 (13.8, 25.4) 59 18.5 (5.3, 47.7) 
Birth interval        

 < 24 months  1,621 (19.2) 519 32.0 (28.4, 35.8) 356 22.0 (19.0, 25.3) 162 10.0 (8.0, 12.4) 
 ≥ 24 months  6,801 (80.9) 1,749 25.7 (23.7, 27.9) 1,338 19.7 (18.1, 21.3) 412 6.1 (4.9, 7.4) 
Gravidity (number of children ever born)       

 0 4,745 (31.8) 862 18.2 (16.4, 20.1) 670 14.1 (12.6, 15.8) 192 4.0 (3.3, 5.0) 
 1–3 4,715 (31.6) 1,092 23.2 (20.7, 25.9) 793 16.8 (15.2, 18.6) 299 6.3 (4.7, 8.5) 

 4+ 5,464 (36.6) 1,573 28.8 (26.7, 30.9) 1,198 21.9 (20.2, 23.8) 375 6.9 (5.8, 8.1) 
CEB in the preceding 5 years       

 0 7,595 (50.9) 1,484 19.5 (17.9, 21.3) 1,178 15.5 (14.2, 16.9) 306 4.0 (3.4, 4.8) 
 1 4,475 (30.0) 1,069 23.9 (21.7, 26.2) 689 17.5 (15.6, 19.4) 287 6.4 (4.9, 8.4) 

 +2 2,852 (19.1) 974 34.2 (31.0, 37.5) 702 24.6 (22.2, 27.2) 272 9.5 (7.9, 11.5) 
HIV test        

 Positive  251 (1.7) 65 25.7 (18.7, 34.3) 33 17.5 (11.7, 25.3) 12 4.7 (2.4, 9.2) 
 Negative 14,672 (98.3) 3,462 23.6 (22.0, 25.3) 2,625 17.8 (16.7, 19.0) 854 5.8 (4.9, 6.9) 
Water source          

 Piped water 2,646 (17.7) 460 17.4 (14.8, 20.3) 354 13.4 (11.4, 15.6) 106 4.0 (2.9, 5.5) 
 Other improved  6,926 (46.4) 1,599 23.1 (21.3, 25.0) 1,270 18.3 (16.8, 20.0) 329 4.8 (4.0, 5.6) 

 Unimproved 5,351 (35.9) 1,468 27.4 (24.5, 30.5) 1,038 19.4 (17.4, 21.5) 430 8.0 (6.4, 10.1) 
Latrine facility type       

 Improved toilet 2,231 (14.9) 455 20.4 (18.0, 23.1) 346 15.5 (13.4, 17.9) 109 4.9 (3.8, 6.2) 
 Unimproved toilet 7,877 (52.8) 1,729 21.9 (20.2, 23.8) 1,360 17.3 (15.8, 18.8) 369 4.7 (3.9, 5.6) 
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Variables  

Study population Any anaemia Mild anaemia Moderate–severe anaemia 

n (%) n Weighted % (95% CI) n Weighted % (95% CI) n Weighted % (95% CI) 

 Open defecation  4,414 (29.6) 1,267 28.7 (25.3, 32.4) 903 20.5 (18.4, 22.6) 364 8.2 (6.0, 11.1) 
 Other 401 (2.7) 76 19.0 (14.1, 25.0) 52 13.1 (9.4, 17.9) 24 5.9 (3.0, 11.2) 

Currently pregnant        
 Yes  1,087 (7.3) 317 29.1 (24.9, 33.7) 179 16.5 (13.4, 20.2) 137 12.6 (10.0, 15.8) 
 No  13,835 (92.7) 3,210 23.2 (21.6, 24.9) 2,482 17.9 (16.8, 19.2) 728 5.3 (4.4, 6.3) 

Currently breastfeeding       
 Yes  4,657 (31.2) 1,317 28.3 (25.7, 31.0) 1,007 21.6 (19.7, 23.7) 309 6.6 (5.2, 8.5) 

 No  10,266 (68.8) 2,210 21.5 (20.0, 23.2) 1,654 16.1 (14.9, 17.4) 556 5.4 (4.6, 6.4) 
Currently using contraception       

 Yes 3,070 (20.6) 717 23.3 (20.8, 26.1) 522 17.0 (15.1, 19.1) 194 6.3 (4.9, 8.1) 
 No  11,853 (79.4) 2,567 23.7 (22.0, 25.5) 2,139 18.0 (16.8, 19.4) 671 5.7 (4.8, 6.7) 

Birth in the past 1 year       
 0  12,474 (83.6) 2,797 22.4 (20.9, 24.0) 2,156 17.3 (16.1, 18.6) 641 5.1 (4.3, 6.1) 

 1–2 2,449 (16.4) 730 29.8 (26.6, 33.2) 505 20.6 (18.2, 23.2) 225 9.2 (7.4, 11.3) 

Note. SNNP = Southern Nations, Nationalities and Peoples; CEB = children ever born; HIV = human immunodeficiency virus. 
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6.3.2 Multivariable analysis 

 Factors for any anaemia among women 

The multilevel logistic regression results show that having no formal education (AOR = 1.37; 

95% CI: 1.10, 1.72), having only a primary education (AOR = 1.24; 95% CI: 1.00, 1.53), living 

at a rural residence (AOR = 1.29; 95% CI: 1.02, 1.63), being in the poorest wealth quantile 

(AOR =1.29; 95% CI: 1.01, 1.60), having higher gravidity (≥ 4 births; AOR = 1.39; 95% CI: 

1.13, 1.69), being HIV-positive (AOR = 2.11; 95% CI: 1.59, 2.79), currently breastfeeding 

(AOR = 1.09; 95% CI: 1.03, 1.28), having menstruated in the last 6 weeks (AOR = 1.1; 95% 

CI: 1.01, 1.23) and open defecation (AOR = 1.18; 95% CI: 1.00, 1.39) were all significantly 

associated with the occurrence of any anaemia among women of reproductive age after 

adjusting for all other variables in the model. Current contraceptive use (AOR = 1.01; 95% CI: 

0.91, 1.11) and unimproved water source (AOR = 1.03; 95% CI: 0.83, 1.27) were not 

significantly associated with any anaemia (see Table 6.2). 

Population-attributable fractions/proportions: Around 15.4% (95% CI: 4.8, 25.1) of 

anaemia in women from the study population is attributable to having no formal education. 

About 19% (95% CI: 1.61, 33.6) of anaemia cases among women of reproductive age might 

be attributable to being of rural residence. Around 6% (95% CI: 0.20, 10.9) of anaemia cases 

could be attributable to being in the poorest wealth quantile. Furthermore, the proportion of 

anaemic cases in the study population that could be attributed to having access to an 

unimproved latrine facility was estimated to be 8% (95% CI: –3.5, 18.4). Similarly, an 

estimated 3% (95% CI: 0.99, 9.9) of cases of anaemia among women could be attributed to 

being currently breastfeeding. Around 13% (95% CI: 4.8, 19.6) of anaemia cases were 

attributable to having higher gravidity ( 4; see Table 6.2). 
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Table 6.2 AORs from multilevel logistics regression and PAFs for factors associated with any anaemia among women in Ethiopia, 2016. 

Variables  
Anaemia 
cases (n) 

Proportion of 
anaemia casesa (CI) AOR (CI) PAF% (CI) 

Educational status       

 No education 2,002 0.57 (0.53, 0.60) 1.37 (1.10, 1.72) 15.4 (4.8, 25.1) 
 Primary 1,136 0.32 (0.29, 0.35) 1.24 (1.00, 1.53) 6.2 (0.0, 12.1) 

 Secondary 298 0.08 (0.07, 0.10) 1.23 (0.98, 1.52) 1.5 (–0.14, 3.4) 
 Higher 91 0.03 (0.02, 0.04) 1 1 
Wealth index    

 Poorest 863 0.25 (0.20, 0.29) 1.29 (1.01, 1.60) 6.1 (0.20, 10.9) 
 Poorer 689 0.20 (0.17, 0.22) 1.21 (0.96, 1.45) 3.5 (–1.24, 6.8) 

 Middle 686 0.20 (0.17, 0.22) 1.22 (0.98, 1.50) 3.6 (–0.35, 7.3) 
 Richer  625 0.18 (0.15, 0.21) 1.01 (0.82, 1.24) 0.18 (–3.3, 4.1) 

 Richest  664 0.19 (0.16, 0.22) 1 1 
Residence      

 Urban  539 0.15 (0.13, 0.18) 1 1 
 Rural  2,989 0.85 (0.82, 0.87) 1.29 (1.02, 1.63) 19.1 (1.61, 33.6) 

Age (years)     
 15–19 631 0.18 (0.16, 0.20) 1 1 
 20–29 1,320 0.37 (0.35, 0.40) 0.96 (0.82, 1.19) –1.54 (–7.7, 6.4) 

 30–39 1,039 0.29 (0.27, 0.32) 0.92 (0.78, 1.11) –2.5 (–7.6, 3.2) 
 40–49 537 0.15 (0.13, 0.17) 0.75 (0.64, 0.96) –5.0 (–7.3, –0.71) 

Marital status      
 Single 667  0.19 (0.17, 0.21) 0.97 (0.81, 1.22) –0.59 (–4.0, 3.8) 
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Variables  
Anaemia 
cases (n) 

Proportion of 
anaemia casesa (CI) AOR (CI) PAF% (CI) 

 Married 2,572 0.73 (0.71, 0.75) 1.09 (0.91, 1.23) 6.0 (–7.0, 14.0) 
 Divorced/widowed/separated 288 0.08 (0.07, 0.10) 1 1 

Gravidity of women    
 0 862 0.24 (0.22, 0.27) 1 1 

 1–3 1,092 0.31 (0.28, 0.34) 1.22 (1.02, 1.44) 5.6 (0.55, 10.4) 
 4+ 1,573 0.45 (0.42, 0.48) 1.39 (1.13, 1.69) 12.6 (4.8, 19.6) 

CEB in the preceding 5 years   
 0 1,484 0.42 (0.39, 0.45) 1  
 1 1,069 0.30 (0.28, 0.33) 1.10 (0.95, 1.27)  2.7 (–1.47, 7.0) 

 2+ 974 0.28 (0.25, 0.31) 1.31 (1.09, 1.57)  6.6 (2.1, 17.7) 
HIV test     

 Positive  65 0.02 (0.01, 0.03) 2.11 (1.59, 2.79) 1.05 (0.48, 1.90) 
 Negative 3,462 0.98 (0.97, 0.99) 1 1 

Water source      
 Improved  2,059 0.58 (0.53, 0.63) 1 1 

 Unimproved  1,468 0.42 (0.37, 0.47) 1.03 (0.83, 1.27) 1.2 (–7.6, 9.99) 
Latrine facility type    

 Improved toilet 455 0.13 (0.11, 0.15) 1 1 
 Unimproved toilet 3,072 0.87 (0.85, 0.89) 1.10 (0.96, 1.26) 7.9 (–3.5, 18.4) 
Currently pregnant     

 Yes  317 0.09 (0.08, 0.11) 1.28 (1.10, 1.51) 2.0 (0.73, 3.7) 
 No  3,210 0.91 (0.89, 0.92) 1  
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Variables  
Anaemia 
cases (n) 

Proportion of 
anaemia casesa (CI) AOR (CI) PAF% (CI) 

Currently breastfeeding     
 Yes  1,317 0.37 (0.34, 0.40) 1.09 (1.03, 1.28) 3.1 (1.0, 8.8) 

 No  2,210 0.63 (0.60, 0.67) 1 1 
Currently using contraception     

 Yes 717 0.20 (0.18, 0.23) 1.01 (0.91, 1.11) 0.20 (-1.8, 2.3) 
 No  2,810 0.80 (0.77, 0.82) 1 1 

Birth in last 1 year CEB     
 0  2,797 0.79 (0.77, 0.82) 1 1 
 1–2 730  0.21 (0.18, 0.23) 1.15 (1.01, 1.32) 2.7 (0.18, 5.6)  

Menstruated in last 6 weeks    
 Yes  1,795 0.51 (0.48, 0.54) 1.10 (1.01, 1.23) 4.6 (0.47, 10.1) 

 No  1,732 0.49 (0.46, 0.52) 1  

Note. AOR = adjusted odds ratio; PAF = population-attributable fraction; CEB = children ever born; HIV = human immunodeficiency virus. 
aProportion of anaemic women exposed to a factor (ratio of exposed cases to total cases). 
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 Factors associated with mild anaemia and moderate-severe anaemia 

The results of the multilevel multinomial logistic regression analyses of factors for mild 

anaemia and moderate-severe anaemia are presented in Table 6.3. 

Multivariable multinomial analysis shows that having no formal education (AOR = 1.36; 95% 

CI: 1.07, 1.74), breastfeeding (AOR = 1.16; 95% CI: 1.0, 1.35), higher gravidity of women 

( 4 births; AOR = 1.33; 95% CI: 1.03, 1.71), HIV infection (AOR = 1.89; 95% CI: 1.39, 2.57) 

and menstruation in the last six weeks (AOR = 1.13; 95% CI: 1.02, 1.26) were factors 

independently associated with mild anaemia. Similarly, rural residence (AOR = 1.75; 95% CI: 

1.23, 2.48), birth in the last year (AOR = 1.60; 95% CI: 1.28, 2.0), birth in the last 5 years 

(AOR = 1.50; 95% CI: 1.12, 2.0), currently pregnant (AOR = 2.35; 95% CI: 1.83, 3.01), 

unimproved latrine facility (AOR = 1.24; 95% CI: 1.0, 1.56) and poorest wealth index (AOR 

= 1.63; 95% CI: 1.14, 2.34) were independently associated with moderate–severe anaemia (see 

Table 6.3). 

PAFs: The proportions of mild and moderate-severe anaemia attributable to having no formal 

education were estimated to be 14.6% and 18% among women, respectively. Proportions of 

moderate-severe anaemia attributable to current pregnancy were 9.1% (Table 6.3). Being a 

rural resident was attributable to 38.1% of moderate-severe anaemia cases among women. In 

addition, 12.6% of moderate-severe anaemia cases might be attributable to household wealth 

being rated in the poorest wealth quantile. The proportion of mild anaemia cases attributable 

to high gravidity of women (≥ 4) and currently breastfeeding were 11.2% and 5.2%, 

respectively. Similarly, 16.9% and 10.5% of moderate-severe anaemia cases among women 

were due to unimproved latrine facilities, birth in the last 5 years preceding the survey, 

respectively (Table 6.3). 
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Table 6.3 AORs from multilevel multinomial logistics regression and PAFs for factors associated with mild and moderate-severe anaemia 

among women in Ethiopia, 2016. 

Variables  

Mild anaemia  Moderate–severe anaemia 

Proportion of 
casesa (CI) AOR (CI) PAF 

 Proportion of 
casesa (CI) AOR (CI) PAF 

Educational status        
 No education 55.1 (51.7, 58.4) 1.36 (1.07, 1.74) 14.6 (3.4, 24.8)  62.0 (55.6, 68.1) 1.41 (0.94, 2.11) 18.0 (–3.5, 35.8) 

 Primary 33.2 (30.3, 36.3) 1.28 (1.01, 1.61) 7.3 (0.3, 13.8)  29.2 (24.4, 34.5) 1.08 (0.73, 1.60) 2.2 (–9.0, 12.9) 
 Secondary 9.0 (7.4, 10.9) 1.27 (0.99, 1.62) 1.9 (–0.1, 4.2)  6.6 (4.5, 9.7) 1.00 (0.66, 1.53) 0.0 (–2.3, 3.4) 

 Higher 2.7 (1.9, 3.8) 1 1  2.2 (1.2, 4.0) 1 1 
Wealth index         

 Poorest 21.8 (18.3, 25.8) 1.23 (0.97, 1.54) 4.1 (–0.6, 9.0)  32.7 (23.8, 42.9) 1.63 (1.14, 2.34) 12.6 (2.9, 24.6) 
 Poorer 19.1 (16.3, 22.2) 1.17 (0.92, 1.46) 2.8 (–1.4, 7.0)  20.7 (16.3, 26.0) 1.39 (0.96, 2.01) 5.8 (–0.7, 13.1) 

 Middle 20.2 (17.6, 23.1) 1.18 (0.94, 1.49) 3.1 (–1.1, 7.6)  17.2 (13.0, 22.4) 1.34 (0.93, 1.94) 4.4 (–0.98, 10.9) 
 Richer  18.5 (15.7, 21.7) 0.95 (0.76, 1.19) –1.0 (–5.0, 3.5)  15.2 (11.3, 20.1) 1.17 (0.81, 1.67) 2.2 (–2.7, 8.1) 
 Richest  20.3 (17.3, 23.7) 1 1  14.2 (10.3, 19.2) 1 1 

Residence         
 Urban  16.6 (14.0, 19.6) 1 1  11.2 (8.2, 15.2) 1 1 

 Rural  83.4 (80.4, 86.0) 1.22 (0.95, 1.56) 15.0 (–4.2, 30.9)  88.8 (84.8, 91.8) 1.75 (1.23, 2.48) 38.1 (15.9, 54.8) 
Age (years)        

 15–19 18.5 (16.4, 20.8) 1 1  16.0 (12.8, 19.8) 1 1 
 20–29 35.6 (32.7, 38.6) 0.87 (0.74, 1.02) –5.3 (–11.5, 0.8)  43.1 (38.9, 47.4) 1.12 (0.88, 1.44) 4.6 (–5.3, 14.5) 

 30–39 29.4 (26.9, 32.0) 0.86 (0.70, 1.05) –4.8 (–11.5, 1.5)  29.6 (25.6, 34.0) 1.14 (0.85, 1.54) 3.6 (–4.5, 11.9) 
 40–49 16.5 (14.4, 18.9) 0.82 (0.65, 1.04) –3.6 (–7.8, 0.7)  11.3 (8.4, 15.0) 0.88 (0.61, 1.27) –1.5 (–5.4, 3.2) 
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Variables  

Mild anaemia  Moderate–severe anaemia 

Proportion of 
casesa (CI) AOR (CI) PAF 

 Proportion of 
casesa (CI) AOR (CI) PAF 

Marital status         

 Single 20.2 (17.9, 22.8) 0.95 (0.76, 1.20) –1.1 (–5.7, 3.8)  14.8 (11.5, 18.9) 1.18 (0.81, 1.72) 2.3 (–2.7, 7.0) 
 Married 71.3 (68.5, 73.9) 1.05 (0.89, 1.23) 3.4 (–8.5, 13.8)  78.1 (73.9, 81.8) 1.19 (0.91, 1.56) 12.5 (–7.3, 29.4) 

 Divorced/widowed/se
parated 8.5 (7.1, 10.1) 1 1  7.0 (5.0, 9.9) 1 1 

Gravidity         
 0 25.2 (22.7, 27.8) 1 1  22.2 (17.9, 27.1) 1 1 

 1–3 29.8 (27.2, 32.5) 1.15 (0.93, 1.43) 3.9 (–2.0, 9.8)  34.5 (28.7, 40.9) 1.02 (0.72, 1.43) 0.7 (–11.2, 12.3) 
 4+ 45.0 (42.0, 48.0) 1.33 (1.03, 1.71) 11.2 (1.2, 19.9)  43.3 (37.9, 48.9) 1.02 (0.70, 1.51) 0.9 (–16.2, 16.5) 

CEB in 5 years       
 0 44.3 (41.0, 47.6) 1 1  35.4 (30.2, 40.9) 1 1 

 1 29.4 (26.6, 32.3) 1.00 (0.85, 1.18) 0.0 (–4.7, 5.8)  33.2 (28.0, 38.8) 1.33 (1.04, 1.71) 8.2 (1.1, 16.1) 
 2+ 26.4 (23.5, 29.5) 1.22 (1.00, 1.49) 4.8 (0.0, 9.7)  31.5 (27.0, 36.3) 1.50 (1.12, 2.00) 10.5 (2.9, 18.2) 
HIV test        
 Positive  1.2 (0.8, 1.9) 1.89 (1.39, 2.57) 0.6 (0.2, 1.2)  1.4 (0.7, 2.9) 3.04 (1.92, 4.80) 0.9 (0.34, 2.3) 
 Negative 98.8 (98.1, 99.2) 1 1  98.6 (97.1, 99.3) 1 1 

Water source         
 Improved  13.3 (11.0, 16.0) 1 1  12.3 (8.7, 17.0) 1 1 

 Unimproved  86.7 (84.0, 89.0) 1.09 (0.89, 1.34) 7.2 (–10.4, 22.6)  87.7 (83.0, 91.3) 0.83 (0.61, 1.14) –18.0 (–53,11.2) 
Latrine facility        

  Improved toilet 13.0 (11.0, 15.4) 1 1  12.6 (9.4, 16.7) 1 1 
 Unimproved toilet 87 (84.6, 89.1) 1.04 (0.89, 1.21) 3.4 (–10.5, 15.5)  87.2 (83, 90.6) 1.24 (1.00, 1.56) 16.9 (0.0, 32.5) 
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Variables  

Mild anaemia  Moderate–severe anaemia 

Proportion of 
casesa (CI) AOR (CI) PAF 

 Proportion of 
casesa (CI) AOR (CI) PAF 

Currently pregnant        

 Yes  6.7 (5.5, 8.2) 0.95 (0.77, 1.18) –0.4 (–1.6, 1.3)  15.9 (12.5, 19.9) 2.35 (1.83, 3.01) 9.1 (5.7, 13.3) 
 No  93.3 (91.8, 94.5) 1 1  84.2 (80.1, 87.5) 1 1 

Currently breastfeeding        
 Yes  37.9 (34.7, 41.1) 1.16 (1.00, 1.35) 5.2 (0.0, 10.7)   35.7 (30.5, 41.3) 0.76 (0.61, 0.95) –11.3 (–19.5, –2.2) 

 No  62.2 (58.9, 65.3) 1 1  64.3 (58.7, 69.5) 1 1 
Currently using contraception       

 Yes 19.6 (17.2, 22.3) 0.99 (0.88, 1.10) –0.2 (–2.3, 2.0)  22.4 (18.6, 26.8) 1.04 (0.88, 1.22) 0.9 (–2.5, 4.8) 
 No  80.4 (77.7, 82.8) 1 1  77.6 (73.2, 81.4) 1 1 
CEB in last 1 year       

 Zero  81.0 (78.3, 83.5) 1 1  74.1 (69.4, 78.2) 1 1 
 1–2 19.0 (16.5, 21.7) 1.00 (0.85, 1.16) 0.0 (–2.9, 3.0)  25.9 (21.8, 30.6) 1.60 (1.28, 2.00) 9.7 (4.8, 15.3) 
Menstruated in last 6 weeks       
 Yes  53.0 (49.8, 56.1) 1.13 (1.02, 1.26) 6.1 (1.0, 11.6)  44.5 (39.1, 49.9) 1.05 (0.88, 1.24) 2.1 (–4.5, 9.7) 

 No  47.0 (43.9, 50.2) 1 1  55.5 (50.1, 60.9) 1 1 

Note. AOR = adjusted odds ratio; PAF = population-attributable fraction; CEB = children ever born; HIV = human immunodeficiency virus. 
aProportion of anaemic women exposed to factors (ratio exposed cases to total cases).
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6.3.3 Random-effects analysis 

The results of the random-effects analysis showed that there was variation in log odds of 

different types of anaemia across communities (τ2 = 0.907). According to the variance partition 

coefficient, about 21.6% of the variance in the odds of different anaemia types in women could 

be attributed to community-level factors. The variation in odds of different anaemia types 

across communities remained statistically significant even after adjusting for the individual and 

community-level factors. About 9% of the odds of anaemia variation across communities was 

observed in the full model (Model 2; see Table 6.4). 

Table 6.4. Measure of variation for different anaemia types at the cluster level (effect of 

variation from the random intercept model). 

Variation  Model 1€ Model 2¥ 

Variance (SE) 0.907 (0.074) 0.313 (0.036) 

ICC% 21.6 8.7 

DIC (–2 log-likelihood ratio) 20562.4 19512.2 

Note. ICC = intra-cluster correlation coefficient; DIC = deviance information criterion. 
€Empty model (without the predictors). 
¥Adjusted for predictors 

6.4 Discussion 

This study assessed the impact of predictors on all levels of anaemia among women using 

large-scale population data. The findings indicate that having no formal education, currently 

breastfeeding, having higher (≥ 4) gravidity, having HIV infection and having menstruated in 

the past 6 weeks preceding the survey were factors independently associated with higher odds 

of mild anaemia. Similarly, living in a rural area, having an unimproved latrine facility, giving 

birth in the past year, being currently pregnant, being of the poorest wealth status and having 

an HIV infection was independently associated with moderate-severe anaemia. Moreover, 

having rural residency, no formal education, high gravidity, being in the poorest wealth 

quantile and having unimproved latrine facilities were positively associated with the 

occurrence of any anaemia among women. These results are consistent with other study 

findings from low-income countries, which reported associations between socioeconomic 

status and all anaemia levels (84, 101, 335). 

A relevant question to ask is how much of the burden of anaemia could be avoided if these 

factors were addressed, or reduced, in the population. PAF is a measure of the overall effect of 
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a factor on the problem/outcome of interest at the population level (116). The PAF estimates 

of this study showed that the proportion of mild anaemia cases attributable to high gravidity 

(≥ 4), currently breastfeeding and menstruation in the last six weeks was 11.2%, 5.2% and 

6.1%, respectively, and could potentially be reduced if intervention approaches targeted on 

women with these factors in the population. Similarly, the proportion of moderate-severe 

anaemia attributable to living in a rural area, having no formal education, being in the poorest 

wealth quantile and giving birth in the last 5 years was 38.1%, 18%, 12.6% and 10.5%, 

respectively. The higher proportion of any anaemia cases could be attributed to rural residency 

(19%), having no formal education (15%), high gravidity (13%), poorest wealth quantile (6%) 

and having unimproved latrine facilities (8%). These are theoretical calculations, but they 

illustrate the important role these factors play in determining the occurrence of anaemia among 

women in this population. Thus, rural residence, illiteracy and being in a low wealth quantile 

would be predicted to have a substantial effect on the occurrence of anaemia among women in 

Ethiopia. Similar findings have been reported in other studies from developing countries, in 

that high proportions of anaemia cases were observed in women of rural residence, with low 

education and being in a low wealth quantile (76, 97). Education and poverty reduction are also 

a target in the Sustainable Development Goals (336). 

Research has recognised low socioeconomic status as a predictor of higher odds of anaemia 

among women of reproductive age (77, 80, 95). A higher prevalence of anaemia was observed 

in women with low socioeconomic status compared to women with high socioeconomic status 

(83, 337). Our results are in line with these findings and indicated that women from households 

in the poorest wealth quantile were at higher risk of having moderate-severe anaemia. About 

13% of moderate-severe anaemia cases among women could be attributed to being in the 

poorest wealth quantile; this is consistent with a previous finding that showed that higher odds 

of moderate-severe anaemia cases were associated with the poorest wealth quantile (100). 

Moreover, the current study revealed that the odds of any anaemia among women was higher 

among the poorest compared to the richest women, which aligns with study findings in 

Bangladesh (95, 103) and Ethiopia (77). A possible explanation is that, as the income level of 

women is lower, women may not be able to purchase adequate or varied foodstuffs and 

subsequently do not consume a diversified nutritious diet or could have limited access to 

fortification or supplementation (36). As a result, women are unable to obtain adequate 

nutrients and are subsequently exposed to anaemia. Furthermore, women with no formal 

education are at higher odds of anaemia compared to women with tertiary education. The 
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proportion of any anaemia attributable to having no education was nearly 15%. This result is 

consistent with previous study results conducted in Ethiopia (77), Timor-Leste (82), India (76, 

97), Bangladesh (95, 103) and Senegal (338), which reported that low educational status was 

associated with an increased odds of anaemia among women. Evidence has also shown that 

low educational status is associated with higher odds of moderate-severe anaemia among 

women (100, 101). The effect of low education on the odds of anaemia could be due to a 

reduced capacity to pursue health care and limited awareness about diversified food intake or 

health risks. Low education would also impact on health literacy, high number of pregnancies 

or birth spacing.  

The odds of any anaemia and moderate-severe anaemia were higher in rural compared to urban 

women, but the odds of mild anaemia were not statistically different between urban and rural 

women. The odds of any anaemia and moderate-severe anaemia attributable to a rural residence 

are 19% and 38%, respectively, which is consistent with evidence suggesting that higher 

moderate-severe anaemia prevalence was more noticeable in individuals of rural residence (84, 

103). A higher prevalence of moderate-severe anaemia and any anaemia in rural areas could 

be attributed to differences in availability and utilisation of health care, diversified foods, 

infection risk and fertility preferences (70, 335). Moreover, having unimproved latrine facilities 

was associated with an increased odds of any anaemia and moderate-severe anaemia among 

women. This result is in line with other study findings from low-income settings (76, 100, 338). 

This may be partially explained by the fact that unimproved toilet facilities could decrease 

sanitation standards and increase the risk of intestinal infections (104), which are risk factors 

for anaemia (339). 

The results of this study also revealed that higher gravidity of women was associated with 

increased odds of any anaemia and mild anaemia. Similarly, a higher number of births in the 

previous 5 years, as well as in the past year, was associated with an increased odds of moderate-

severe anaemia among women. A similar finding was reported that moderate-severe anaemia 

was higher in women who had more births in the last 5 years (84) and who had given birth in 

the previous year (82). Similarly, studies from Ethiopia (77), Myanmar (79), Iran (83) and India 

(80) have reported that higher gravidity was associated with an increased odds of anaemia 

among women of reproductive age. This could be the fact that repeated pregnancies/higher 

gravidity reduces iron stores, which leads to anaemia (79, 83, 84). 
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Menstruation in the 6 weeks preceding the survey was associated with increased odds of 

anaemia among women. Similar results have been documented in other studies, in which high 

menstruation blood loss was associated with an increased odds of anaemia among women of 

reproductive age (76, 77). This could be the fact that excessive blood loss is linked directly to 

a depletion of iron stores and leads to anaemia (340). The infection by HIV might also increase 

the risk of anaemia due to its effects on the bone marrow and the reduction of Hgb levels in the 

blood (93). However, our results indicate that HIV prevalence in women of reproductive age 

in Ethiopia is estimated to be about 1.7% and was not the main contributor to anaemia (77). 

Strengths and limitations of the study: One of the main strengths of this study is the large 

representative population-based survey data. The other strength of this study is the 

identification of predictors for different levels of anaemia among women of reproductive age 

using multilevel multinomial models. Furthermore, in this study, the relative contribution of 

each factor for the occurrence of anaemia among women was quantified through PAFs, which 

will help to prioritise any intervention programs. The PAFs were estimated using AORs to 

obtain unbiased estimates (341). 

This study sets a benchmark for assessing the impact of the predictors at the population level, 

using large population-based cross-sectional data. However, the analyses and estimates of 

PAFs for assessing the impact of factors depend on assumptions that cannot be addressed, 

including the potential for unincorporated factors and remaining confounding or non-causal 

relations. Since this study is observational, temporal and cause-effect relationships cannot be 

established. Recall bias might also be an issue for this study as the DHS data relied on the 

memory of study participants. This error could inflate/deflate some of the estimates reported 

in this study. Another limitation of this study was the lack of data on some important factors in 

anaemia, such as dietary intake and helminthic infections. 

6.5 Conclusion 

The current study indicated that having no formal education, currently breastfeeding and higher 

(≥ 4) gravidity were factors associated with increased odds of mild anaemia among women. 

Furthermore, higher odds of moderate-severe anaemia were observed among women who were 

rural residents, had an unimproved latrine facility, gave birth in the past year, were currently 

pregnant, were in the poorest wealth quantile or were infected with HIV. 

The PAFs suggest that rural residency, low education, low wealth status, pregnancy and high 

gravidity contribute substantially to the occurrence of anaemia among women. The burden of 
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different levels of anaemia among women in the population could potentially be reduced by 

employing a large range of approaches targeting these maternal and sociodemographic factors. 

Therefore, pregnant women, women with high gravidity and those with recent births, women 

with low education, low wealth status and women living in rural areas should be priorit ised in 

any intervention program targeting anaemia. Different approaches would be needed when 

targeting mild and moderate-severe anaemia. Mild anaemia could be reduced by setting 

intervention strategies targeting multigravida and breastfeeding women, while preventing 

moderate-severe anaemia may require working on improving income, educating women and 

improving living conditions through the accessibility of hygienic latrines. Further research 

needs to be conducted to identify potential factors associated with mild anaemia by 

incorporating data on dietary intake and infections (malaria and helminths).  
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Chapter 7: The effect of dietary patterns on maternal anaemia in North 

Shewa, Ethiopia—a case-control study with propensity score analysis 

The findings of Chapter 5 indicated that higher odds of anaemia were observed among pregnant 

women compared to non-pregnant women. Thus, in this chapter further assessment was 

conducted to identify potential predictors of anaemia among pregnant women. This chapter has 

been submitted for publication in the BMJ Open and is currently under review. 

Kibret KT, Chojenta C, D’Arcy E, Loxton D. The effect of dietary patterns on maternal 

anaemia in North Shewa, Ethiopia: a case-control study with propensity score analysis. 

Abstract 

Introduction: Dietary patterns are a modifiable factor that can influence the occurrence of 

anaemia. Current evidence is inconsistent, and resource-limited settings have not been well 

researched. This study aimed to assess the effect of dietary patterns during pregnancy on 

anaemia in Ethiopia. 

Methods: A case-control study with propensity score analysis was conducted among pregnant 

women in North Shewa, Ethiopia, from November 2018 to March 2019. Four hundred and 

seventeen pregnant women were included (105 cases and 312 controls) with a 1:3 case to 

control ratio. Cases were pregnant women with a Hgb level < 11 g/dL, and controls were 

pregnant women with a Hgb level ≥ 11.0 g/dL. Data were collected through an interviewer-

administered questionnaire and record review of laboratory measurements. A multivariable 

conditional logistic regression model was applied after propensity score matching to assess the 

effect of dietary patterns on anaemia and a p < 0.05 was taken as significant. 

Results: A low DDS (< 5) (AOR = 2.14; 95% CI: 1.24, 3.69) comparted to high DDS, reducing 

food intake (AOR = 6.89; 95% CI: 3.23, 14.70) compared to increasing food intake and having 

no formal education (AOR = 3.13; 95% CI: 1.18, 8.32) were independent predictors of maternal 

anaemia. 

Conclusion: During pregnancy, intake of a low diversified diet, reduced food intake and low 

educational status were associated with higher odds of anaemia. Diversified dietary counselling 

should be emphasised and strengthened in the existing prenatal health service program, with 

women strongly encouraged to increase their food intake instead of reducing it during 

pregnancy. 

Key terms: Anaemia, dietary patterns, dietary diversity, pregnant women, case-control study. 
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7.1 Introduction 

Anaemia in pregnant women is defined as a Hgb level < 11 g/dL at sea level (62). Pregnant 

women are at higher risk of anaemia due to several bodily changes during pregnancy, such as 

increased blood volume with a low increment of red blood cell mass (63). Thus, a sufficient 

amount of iron, folate and vitamin B12 is required to make Hgb. Iron absorption during 

pregnancy is difficult, creating difficulties for producing Hgb, which can then lead to anaemia 

(63). 

Anaemia is a major public health problem in pregnant women globally (3), with greater rates 

in LMICs (5). Worldwide, in 2011, approximately 38% of pregnant women and 43% of 

children aged 5 years and under were classified as anaemic. The highest prevalence rates in 

LMICs are reported in Central and West Africa (56%), South Asia (52%) and East Africa 

(36%) (3). Similarly, a recent systematic review of 26 articles from developing countries found 

that around 37% to 48% of pregnant women had experienced anaemia (4). 

Anaemia is a common problem in Ethiopia: the current 2016 EDHS reported a 29% prevalence 

rate of anaemia among pregnant women (48). Similarly, a number of small-scale studies from 

different parts of the country reported that prevalence rates of anaemia among pregnant women 

ranged from as low as 17% in the north (66), 32% in the south (25) and up to 44% (46) and 

57% (67) in the east. 

Studies have linked anaemia to substantial maternal morbidity, poor pregnancy outcomes (PTB 

and LBW), perinatal mortality and neonatal mortality (4, 8, 9, 121). Anaemia increases the risk 

of severe maternal morbidity and accounted for nearly half of the indirect causes of maternal 

mortality and severe morbidity in resource-limited settings (7, 10). Furthermore, a higher risk 

of postnatal depression has been observed among woman who was anaemic during pregnancy 

(130, 131). 

The main cause of anaemia is thought to be iron deficiency (328); however, deficiencies of 

other micronutrients (vitamin A, vitamin B12 and folate), chronic bleeding, chronic or acute 

infections and parasitic infections (hookworm and malaria) have also been shown to cause 

anaemia (77, 87-89). Sociodemographic and maternal factors have also been shown to affect 

the occurrence of maternal anaemia. Being a rural residence, low education and being in the 

lowest wealth quantile increase the odds of anaemia due to the fact low socioeconomic status 

may limit the capability to access diversified diet (70, 113). By contrast, employment and a 

higher wealth quantile have been shown to reduce the odds of anaemia among pregnant women 
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(98). In Ethiopia, studies have reported different and inconsistent sociodemographic factors of 

anaemia during pregnancy. For example, large family size, no education, rural residence, 

hookworm infestation and HIV infection were identified as factors of anaemia in Northern 

Ethiopia (66, 113). Studies from the eastern area have reported that a reduced dietary intake, 

multigravidas, being in the second or third trimester of pregnancy and intestinal infestation 

were factors of anaemia during pregnancy (46, 114). 

Dietary intake is considered to be a modifiable risk factor that may influence the occurrence of 

anaemia and one potential area to target for the prevention of anaemia during pregnancy. 

Previous research has shown that dietary patterns during pregnancy have an effect on anaemia 

in resource-limited settings (24, 25, 43, 46, 98, 232). However, inconsistent results have been 

reported in other studies (44, 45), and most of the studies were cross-sectional studies and could 

not control for all possible confounder factors like sanitation, water source and gravidity. 

Moreover, the association between dietary intake and anaemia may be context-dependent and, 

hence, well-designed research is necessary for this area to properly assess the effect of dietary 

patterns on maternal anaemia. Understanding the effects of dietary patterns on maternal 

anaemia may help to tailor local strategies and dietary recommendations for the prevention of 

maternal anaemia. Thus, this study aims to assess the effects of dietary patterns on maternal 

anaemia in North Shewa, Ethiopia. 

7.2 Methods 

7.2.1 Study settings and periods 

This study was conducted across five health facilities in North Shewa, Ethiopia, from 

November 2018 to March 2019. The North Shewa Zone is one of the administrative areas of 

Amhara Regional State. This zone is subdivided into districts and each district has more than 

10 kebeles (the lowest administrative unit). The zone has six district primary hospitals, one 

zonal referral hospital and 95 health centres. In each district, there is at least one health centre, 

each of which is expected to provide services to more than 25,000 people. 

7.2.2 Study design 

A case-control study was used to assess the effect of dietary patterns on maternal anaemia. 

Cases were all pregnant women with a Hgb level < 11 g/dL and controls were women with a 

Hgb level ≥ 11.0 g/dL. For each identified case, three healthy controls were selected from each 

health facility. Participants were recruited consecutively for approximately 4 months during 

their ANC visits from each selected health facility. 
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7.2.3 Source and study population 

The study population included all pregnant women who had attended at least one ANC follow-

up in one of the five selected health facilities and had provided informed consent during the 

study period (November 2018 to March 2019). Women who were unable to hear or speak, 

temporary residents, severely ill with medical problems like cardiovascular or renal diseases, 

or unwilling to participate were not included in the study. 

7.2.4 Sampling method and sample size determination 

Five health facilities were purposely selected for this study. A sample size quota was allocated 

to each health facility proportional to the average number of ANC visits for the preceding 3 

months (August–October 2018). Participants were recruited from each health facility until the 

allotted quota was filled. 

The sample size was calculated using different factors of anaemia (intestinal parasite, no 

education, iron supplementation) and selecting those that produced a maximum sample. To 

determine the optimum sample size, studies were selected taking into consideration the 

following points: recently well-conducted studies, with a comparable population and study 

setting, and well-conducted studies (adequate sample size with low non-responses rates and 

appropriate statistical analysis with control for confounders). The sample size was then 

calculated using OpenEpi version 3.01  (openepi.com) using the following parameters: 

intestinal parasite as the exposure variable, 5% significance level, a power level of 80%, a 1:3 

ratio of cases to controls and the double proportion formula (264). Therefore, using a 5% 

contingency level, the final sample size was 417 (105 cases and 312 controls). 

7.2.5 Data collection procedures and measurements 

The data were collected using an interviewer-administered questionnaire, anthropometry and a 

record review of laboratory measurements. The questionnaire was adapted from the FAO and 

2016 EDHS surveys (48, 224) and by reviewing other relevant literature (58-60). The 

questionnaire comprised five sections. The first section assessed the respondents’ 

sociodemographic characteristics: age, religion, occupation, ethnicity, educational status, 

marital status, place of residence, family size, income, main water source and toilet facilities 

available in their household. The second section evaluated maternal characteristics, including 

gravidity/parity, birth interval, stillbirths, ANC visit, nausea/vomiting and alcohol intake. The 

third section addressed maternal eating habits/practices, including varying food intake, 

avoidance of foods, pica practices (ingestion of non-nutritive substances), meal frequency, 

https://www.openepi.com/
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eating patterns and use of supplements including iron/folate or consumption of de-worming 

tablets. The fourth section of the questionnaire was designed to examine the dietary intake of 

study participants. Dietary intake of participants was assessed through the administration of a 

24-hour recall food questionnaire, adapted from the FAO and 2016 EDHS. Participants were 

requested to recall all the foods they had consumed in the preceding 24 hours. This was done 

initially and spontaneously by the participant and then through probing questions from the 

interviewer regarding all foods consumed. The final section of the questionnaire included 

measurements of maternal anthropometry (height, MUAC, weight, gestational age and blood 

pressure) and a record review of laboratory measurements (Hgb level, urine protein and stool 

examination). 

 Anthropometric and laboratory measurements 

The Hgb levels of participants, which were routinely measured during ANC follow-ups to 

determine the anaemia status of pregnant women, were taken from ANC registries. A Hgb level 

below 11 g/dL was classified as anaemia (62). The MUAC was measured by using non-

stretchable measuring tapes: the measurement was taken from the relaxed left arm and rounded 

to the nearest 0.1 cm. The MUAC reflects the past and current nutritional status of a pregnant 

woman. MUAC cut-off values below 23 cm and greater than or equal to 23 cm were used to 

classify women as ‘wasting’ or ‘normal’, respectively (266). Women were instructed to wear 

light clothing and were weighed without shoes (to the nearest 100 g) using a mechanical weight 

scale. The heights of each study participant were also measured with shoes off. Midwives 

estimated the gestational age of each participant using the last menstrual period method at the 

ANC visit in the health facility. The stool examination values were taken from the antenatal 

logbook kept at the clinic by the data collectors. 

The questionnaire was prepared in English and translated into Amharic. The training was 

provided to all data collectors, and the overall activity of the study was closely monitored at 

each health facility. Data quality was assured through continuous supervision and by using the 

data collection tools adapted from validated measures/sources. All completed questionnaires 

were examined for completeness and consistency during data collection, and the data were 

cleaned before analysis. 

7.2.6 Data processing and analysis 

After the data had been cleaned, the analysis was conducted using Stata version 14 (stata.com). 

Descriptive statistics were calculated. The DDS was computed using data from 24-hour dietary 

http://www.stata.com/
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recall, based on the recommendations of the Food and Nutrition Technical Assistance Project 

(220). Food items and liquids reported in the 24-hour dietary recall were categorised into 10 

food groups. These food groups were the following: 1) Starchy staples (grains, white roots, 

tubers); 2) Legumes/pulses (beans, peas and lentils); 3) Nuts and seeds; 4) Dairy; 5) Meat, 

poultry and fish; 6) Eggs; 7) Dark green leafy vegetables; 8) Vitamin A-rich fruits and 

vegetables; 9) Other vegetables (tomatoes, onions); and 10) Other fruits. Women who ate a 

single food item from any of these food groups earned 1 point. If the participant did not 

consume a food item within the food group, they would receive 0 points for that category. The 

minimum and maximum DDSs were 0 and 10 points, respectively (220). The DDSs grouped 

in to low (< 5) and high DDS (≥5). 

 Propensity score analysis 

Propensity score analysis was performed to adjust for significant differences in baseline 

covariates and to have unbiased estimates. The propensity score (267, 268) is the conditional 

probability of assigning a variable to a particular group (exposed or unexposed) given a set of 

observed covariates. A propensity score is an essential tool for causal inference in non-

experimental studies in which randomisation is impossible and symmetry of 

treatment/exposure groups is unlikely. Propensity score analysis avoids selection or 

confounder bias (269). The propensity score analysis was performed as follows. First, a 

propensity score for each patient was estimated using the logistic regression model, with 

dietary diversity during pregnancy as the endpoint (high coded as 1; low, as 0). The following 

variables were used to estimate the propensity score: age, residence, educational status, marital 

status, occupation, first pregnancy, ANC, nausea and vomiting, gestational age, eating before 

pregnancy, change in food after pregnancy, food avoided, started new food types, meal 

patterns, fasting and craving. The propensity score model was assessed by using the c statistic 

(270) and Hosmer–Lemeshow statistics (271). 

Second, the study subjects were grouped into 10 strata based on the quantiles of population 

propensity scores (272). In propensity score analysis, the sub-classification method uses all 

individuals in the dataset, and it is recommended for settings where the outcome data is already 

available (269). Third, the main concern with propensity score analysis is the balance of the 

covariates in the resulting matched data (269). Thus in this study, the covariate balance between 

two groups (women with low DDS and women with high DDS) was checked using 

standardised mean difference (standardised bias) with the ‘pbalchk’ command in Stata (273). 
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It is recommended that the absolute standardised differences of means should be less than 0.25 

(274). 

Finally using the propensity score-matched data, a conditional logistic regression model was 

used to assess the association between maternal DDS and anaemia, with adjustment for 

covariates (275) to control for the remaining minor differences in the matched sample (276). 

Bivariate analysis was undertaken to determine the effect of dietary intake and other factors on 

anaemia (age, occupation, educational status, place of residence, main water source and toilet 

facility, gravidity/parity, ANC visits, nausea/vomiting, changing food intake, meal frequency 

and pattern, intake of iron/folate or de-worming tablets, MUAC and gestational age). CORs 

with 95% confidence intervals were also calculated. 

Multivariable conditional logistic regression was used to identify the independent predictors of 

anaemia. The predictors that had a p < 0.25 in the bivariate logistic regression model were 

entered into a multivariable logistic regression model. Multivariable logistic regression can 

help to adjust for confounders and p < 0.05 was taken as significant. 

7.2.7 Ethics approval and consent to participate 

Ethics approval was obtained from the University of Newcastle Human Research Ethics 

Committee (Ref. No. H-2018-0017; see Appendix 6. This study was also approved by the 

Amhara Public Health Institute Research Ethics Committee (Ref. No. HRTT03/163/2018; see 

Appendix 7. Written permission was obtained from the zonal health department office and each 

health facility administration. Data collectors explained the study to the participants and written 

informed consent was obtained from each study participant. To protect against undue influence, 

the recruitment of participants was performed in an exit interview after they had finished their 

ANC visit. The data were not used for purposes other than this study and have been kept 

confidential. 

7.3 Results 

7.3.1 Sociodemographic, maternal and family characteristics 

A total of 417 pregnant women participated in the study (n = 105 [25%] cases; n = 312 [75%] 

controls). The mean (±SD) age of cases was 26.2 (±4.5) years and of controls was 26.3 (±5.0) 

years. Around 58% of cases and 55% of controls were aged 25–34 years, respectively. The 

proportion of rural participants in both cases and controls was similar: 42% in cases and 44% 

in controls. Nearly two-fifths of the cases (41%) and 21% of controls did not attend formal 
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education. A majority of cases (57%) and controls (51%) were pregnant for the first time. A 

large proportion of cases (71%) and controls (70%) had experienced nausea/vomiting during 

pregnancy. Similar proportions of cases (65%) and controls (65%) were in the third trimester 

of pregnancy. About 39% of women in the case group and 29% of women in the control group 

had low MUAC measurements (< 23 cm). The mean (±SD) weight in cases was 58.5 (±6.5) kg 

and in controls was 58.8 (±7.4) kg (see Table 7.1). 

Table 7.1 Sociodemographic, maternal and family characteristics of study participants, North 

Shewa, 2019. 

Variables 
Cases 
n (%) 

Controls 
n (%) 

Total 
n (%) 

Age (years), M (SD, IQR) 26.2 (4.5, 22–29) 26.3 (5.0, 23–29) 26.3 (4.9, 22–29) 

Age group (years) 

 15–24 37 (35.2) 115 (36.9)  152 (36.5) 

 25–34 61 (58.1) 170 (54.5) 231 (55.4) 

 ≥ 35 7 (6.7) 27 (8.7) 34 (8.2) 

Place of residence     

 Urban  61 (58.0) 175 (56.0) 236 (56.6) 

 Rural  44 (42.0) 137 (44.0) 181 (43.4) 

Religion  

 Orthodox  97 (92.4) 300 (96.0) 397 (95.2) 

 Other  8 (7.6) 12 (3.9) 20 (4.8) 

Ethnicity 

 Amhara 98 (93.3) 306 (98.1) 404 (96.9) 

 Other  7 (9.7) 6 (1.9) 13 (3.1) 

Educational status  

 No education  43 (41.0) 66 (21.2) 109 (26.1) 

 Primary 23 (22.0) 120 (38.4) 143 (34.3) 

 Secondary  24 (23.0) 81 (26.0) 105 (25.2) 

 Tertiary 15 (14) 45 (14.4) 60 (14.4) 

Marital status  

 Single 6 (5.7) 13 (4.2) 19 (4.6) 

 Married 97 (92.4) 290 (93.0) 387 (92.8) 

 Divorced/widowed 2 (1.9) 9 (2.9) 11 (2.7) 

Occupation    

 Farmer  21 (20.0) 68 (21.8) 89 (21.3) 

 Merchant  23 (21.9) 66 (21.2) 89 (21.3) 

 Government employee 21 (20.0) 46 (14.7) 67 (16.1) 
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Variables 
Cases 
n (%) 

Controls 
n (%) 

Total 
n (%) 

 Housewife 29 (27.6) 103 (33.0) 132 (31.7) 

 Other* 11 (10.5) 29 (9.3) 40 (9.6) 

Drinking water source     

 Improved  86 (81.9) 272 (87.2) 358 (85.9) 

 Unimproved  19 (18.1) 40 (12.8) 59 (14.1) 

Latrine facility    

 Improved  60 (57.1) 201 (64.42) 261 (62.6) 

 Unimproved  45 (42.9)  111 (35.6) 156 (37.4) 

Monthly income (ETB), M 
(SD) 

3558.6 (2466) 2916.06 (1891.8) 3078.0 (2065) 

First pregnancy     

 Yes  60 (57.1) 160 (51.3)  220 (52.8) 

 No  45 (42.9) 152 (48.7)  197 (47.2) 

Previous antenatal care visits    

 Yes  38 (36.2) 136 (43.6)  174 (41.7) 

 No  67 (63.8) 176 (56.4) 243 (58.3) 

Nausea/vomiting   

 Yes  75 (71.4) 220 (70.5) 295 (70.7) 

 No  30 (28.6)  92 (29.5) 122 (29.3) 

Alcohol consumed during pregnancy   

 Yes  17 (16.2) 40 (12.8)  57 (13.7) 

 No  88 (83.8) 272 (87.2) 360 (86.3) 

Trimester     

 First  2 (1.9)  19 (6.1) 21 (5.0) 

 Second  35 (33.3)  89 (28.5) 124 (29.7) 

 Third  68 (64.8) 204 (65.4)  272 (65.2) 

Weight (14) , M (SD) 58.5 (6.5) 58.8 (7.4) 58.8 (7.2) 

Height (cm), M (SD) 159.7 (6.5) 159.9 (6.3) 159.9 (6.3) 

MUAC (cm), M (SD) 23.37 (2.3) 23.8 (2.2) 23.7 (2.3) 

 < 23 41 (39.1)  90 (28.9) 131 (31.4) 

 ≥ 23 64 (61.0) 222 (71.2) 286 (68.6) 

SBP (mmHg), M (SD) 109.14 (15.3) 114.98 (18.1) 113.5 (17.6) 

DBP (mmHg), M (SD) 69.51 (10.9) 73.5 (13.2) 72.5 (12.8) 

Note. IQR = interquartile range; MUAC = mid-upper arm circumference; SBP = systolic blood pressure; DBP = 

diastolic blood pressure; ETB=Ethiopian birr 

*E.g., daily labourer, private employee or self-employed. 
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7.3.2 Maternal eating habits/practices 

Both cases and controls had similar eating practices before pregnancy; 72% of cases and 

controls ate three times a day before pregnancy. On becoming pregnant, 35% of cases and 49% 

of controls did not change their food intake. Around one-fifth, (21%) of cases and a quarter 

(26%) of controls reported avoiding certain foods once they became pregnant. A further 33% 

of cases and 10% of controls reported reducing their food intake (size and/or frequency) once 

they were pregnant. A majority of cases (45%) and controls (40%) consumed two main meals 

and two snacks daily during pregnancy, with a majority of participants having a low DDS (53% 

of cases and 40% of controls) (Table 7.2). 

Table 7.2 Maternal feeding habits/practices of study participants, North Shewa, 2019. 

Variables 
Cases 
n (%) 

Controls 
n (%) 

Total 
n (%) 

Eating patterns before pregnancy per day 

 Once/twice 2 (1.9)  16 (5.1)  18 (4.3) 

 Three times  76 (72.4) 226 (72.4) 302 (72.4) 

 Four or more times  27 (25.7) 70 (22.4) 97 (23.3) 

Changed food intake this pregnancy    

 No change 37 (35.2)  154 (49.4) 191 (45.8) 

 Increased size and number 33 (31.4) 128 (41.0) 161 (38.6) 

 Decreased size and number 35 (33.3) 30 (9.6) 65 (15.6) 

Changed snack intake this pregnancy  

 No change 56 (53.3) 173 (55.5) 229 (54.9) 

 Increased size and number 35 (33.3) 114 (36.5) 149 (35.7) 

 Decreased size and number 14 (13.3)  25 (8.01) 39 (9.35) 

Avoidance of food this pregnancy 

 Yes  22 (21.0) 82 (26.3) 104 (24.9) 

 No  83 (79.1) 230 (73.7) 313 (75.1) 

Additional foods consumed this pregnancy   

 Yes  53 (50.5) 142 (45.5) 195 (46.8) 

 No  52 (49.5) 170 (54.5) 222 (53.2) 

Typical meal pattern this pregnancy  

 2 main & 1 small 45 (42.9)  141 (45.2) 186 (44.6) 

 2 main & 2 main  47 (44.8) 124 (39.7) 171 (41.0) 

 2 main & 3+ small 13 (12.3) 47 (15.1) 60 (14.4) 

Fasting during this pregnancy  

 Yes  35 (33.3) 80 (25.7) 115 (27.6) 
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 No  70 (66.7) 231 (74.3) 301 (72.4) 

Craving food this pregnancy 

 Yes  46 (43.8) 128 (41.0) 174 (41.7) 

 No  59 (56.2) 184 (59.0) 243 (58.3) 

Taking supplements this pregnancy  

 Yes  37 (35.2) 121 (38.8) 158 (37.9) 

 No  68 (64.8) 191 (61.2) 259 (62.1) 

De-worming     

 Yes  26 (25.2) 88 (28.2) 114 (27.5) 

 No  77 (74.8) 224 (71.8) 301 (72.5) 

Dietary diversity score    

 ≥ 5 (good) 49 (46.7) 187 (59.9) 237 (56.8) 

 < 5 (342) 56 (53.3) 125 (40.1) 180 (43.2)  
 

7.3.3 Propensity score analysis 

The propensity score model was assessed using the c statistic and Hosmer–Lemeshow 

statistics. The Hosmer–Lemeshow goodness-of-fit test (p = 0.177) and the c statistic (0.72) 

indicated good calibration and discrimination ability of the propensity score model. 

The covariate balance check indicated that all of the variables had less than 0.25 absolute mean 

standardised difference (see Figure 7.1), which is in the range of the recommended cut-off 

values (< 0.25) (274). 
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Figure 7-1 Standardised mean differences before and after propensity score matching comparing covariate values for study subjects having high 

and low DDS
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7.3.4 Factors for the occurrence of maternal anaemia among pregnant women 

 Bivariate analysis 

The association between predictor variables and maternal anaemia was assessed using a 

bivariate logistic regression model. Low educational status, a MUAC < 23 cm, decreasing 

portion size and frequency of food intake after becoming pregnant, and low DDS were 

significantly associated with higher odds of anaemia among pregnant women. 

The bivariate analysis indicated that the odds of anaemia in women with no education was 2.53 

times higher than women with tertiary education (COR = 2.53; 95% CI: 1.07, 5.95). Similarly, 

those who had decreased the portion size and frequency of food intake after becoming pregnant 

were at higher odds of anaemia compared to participants who had increased the size and 

frequency of food intake after becoming pregnant (COR = 4.51; 95% CI: 2.39, 8.89). However, 

there was no significant difference with regard to MUAC, gestational age, water source, latrine 

facility, alcohol consumption or ANC visits and odds of anaemia (Table 7.3). 

 Multivariable analysis 

The multivariable logistic regression analysis showed that a low DDS (AOR = 2.14; 95% CI: 

1.24, 3.69), reducing food intake (AOR = 6.89; 95% CI: 3.23, 14.70) and having no formal 

education (AOR = 3.13; 95% CI: 1.18, 8.32) were associated with an increased odds of anaemia. 

Similarly, some variables, such access to an unimproved latrine facility (AOR = 1.37; 95% CI: 

0.72, 2.62), primigravidity (AOR = 1.29; 95% CI: 0.77, 2.18), a MUAC < 23 cm (AOR = 1.33; 

95% CI: 0.75, 2.38), fasting (AOR = 1.52; 95% CI: 0.87, 2.65) and previous ANC visit (AOR 

= 0.75; 95% CI: 0.43, 1.31), were positively associated with an increased odds of anaemia, 

though these were not statistically significant (see Table 7.3). 

 

Table 7.3  Determinant factors of anaemia among pregnant women in the selected public 

health facilities of North Shewa Zone, Ethiopia: Conditional logistic regression analysis, 

2019. 

Variables COR 95% CI p AOR (95% CI) 
Age (years)     
 15–24 1    
 25–34 1.08 0.68, 1.74 0.74  
 ≥ 35 0.75 0.30, 1.88 0.55  
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Variables COR 95% CI p AOR (95% CI) 
Place of residence     
 Urban      
 Rural 0.77 0.44, 1.37 0.38  
Educational status      
 No education  2.53 1.07, 5.95 0.03 3.13 (1.18, 8.32) 
 Primary 0.69 0.31, 1.53 0.37 0.55 (0.23, 1.29) 

 Secondary  0.99 0.47, 2.12 0.99 0.77 (0.34, 1.78) 

 Tertiary 1   1 

Occupation     
 Farmer  0.42 0.16, 1.11 0.08  
 Merchant  0.64 0.30, 1.38 0.03  
 Housewife 0.56 0.28, 1.12 0.10  
 Other* 0.85 0.35, 2.05 0.72  
 Government employee 1    
Water source     
 Unimproved 1.53 0.78, 3.02 0.22 0.97 (0.42, 2.25) 

 Improved 1   1 

Latrine facility     
 Unimproved 1.37 0.84, 2.25 0.21 1.37 (0.72, 2.62) 

 Improved 1   1 

Parity      
 Primigravida 1.29 0.83, 2.02 0.25 1.29 (0.77, 2.18) 

 Multigravida 1   1 

Antenatal care visit so far     
 Yes  0.74 0.47, 1.16 0.19 0.75 (0.43, 1.31) 

 No     1 

Experienced nausea/vomiting    
 Yes  0.98 0.59, 1.63 0.93  
 No      
Alcohol consumed during pregnancy    
 Yes  1.33 0.72, 2.47 0.37  
 No  1    
Gestational age     
 First  1 1  1 
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Variables COR 95% CI p AOR (95% CI) 
 Second  3.37 0.75, 15.25 0.11 3.91 (0.82, 18.68) 

 Third  2.84 0.64, 12.58 0.17 4.12 (0.87, 19.46) 

MUAC     
 < 23 cm 1.53 0.95, 2.47 0.08 1.33 (0.75, 2.38) 

 ≥ 23 cm 1 1  1 

Changed food intake in this pregnancy    
 No change 0.97 0 .56, 1.73 0.96 0.79 (0.42, 1.46) 

 Decreased size and 
number 

4.51 2.39, 8.89 0.01 6.89 (3.23, 14.70) 

 Increased size and 
number 

1 1  1 

Typical meal pattern     
 2 main & 1 small 1.02 0.43, 2.41 0.97  
 2 main & 2 main  1.37 0.64, 2.91 0.42  
 2 main & 3+ small 1 1   
Fasting during pregnancy     
 Yes  1.52 0.93, 2.47 0.09 1.52 (0.87, 2.65) 

 No  1   1 

Craving food     
 Yes  1.14 0.73, 1.79 0.56  
 No  1    
Taking supplements     
 Yes  0.86 0.54, 1.36 0.51  
 No  1 

 
1  

De-worming      
 Yes  0.85 0.51, 1.42 0.55  
 No      
Dietary diversity score      
 < 5 (342) 1.82 1.13, 2.94 0.014 2.14 (1.24, 3.69) 

 ≥ 5 (good) 1    1 
Note. COR = crude odds ratio; AOR = adjusted odds ratio; MUAC = mid-upper arm circumference; 

*E.g., daily labourer, private employee or self-employed 

7.4 Discussion 

The findings of this study indicated that a low DDS, reducing food intake and having no formal 

education were significant predictors of anaemia among pregnant women in North Shewa, 
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Ethiopia. This study revealed that women who had low DDS were two times more likely to 

have anaemia compared to women with a higher DDS. This finding is in line with previous 

studies conducted in Eastern Ethiopia (46, 343), which have reported higher odds of anaemia 

in women with a low DDS. Similarly, the results of studies conducted in north-west Ethiopia 

(232), Southern Ethiopia (24, 25) and Ghana (43) have also indicated that a low DDS is 

associated with an increased odds of anaemia. Conflicting results have been reported in studies 

from Pakistan (45) and Ghana (44), possibly due to the measurement of dietary intake 

differences. Our results showed that women who reduced their dietary intake were more likely 

to be anaemic compared to those who did not change their dietary intake. Similar results have 

been reported in studies conducted in Ethiopia (46) and Mali (344). 

The association of a high DDS with the lower occurrence of anaemia might be due to sufficient 

and diversified food intake during pregnancy, which helps to meet required nutrient 

recommendations, (including for iron) and prevents unintended consequences such as anaemia 

(345). Furthermore, this might also be due to the fact that an increase in a woman’s DDS is a 

good proxy indicator of micronutrient adequacy in her diet (225, 229) as well as a positive 

indicator of nutritional status (230, 231). Reducing dietary intake during pregnancy might lead 

to insufficient food intake, which could result in low iron intake (346) and a subsequent lack of 

macro and micronutrients. Thus, it is important to provide dietary counselling to women during 

pregnancy. 

In agreement with other studies conducted in Ethiopia (113), the present study showed that 

having no formal education was associated with a higher odds of anaemia among pregnant 

women compared with those who had completed tertiary education. However, the findings of 

previous studies did not demonstrate an association between maternal education and the risk of 

anaemia (46, 66, 77, 114, 347). The discrepancy of study results might be due to the differences 

in population and methodology, as the present study was a case-control study, whereas previous 

studies were cross-sectional study. 

Furthermore, living in a rural area has been associated with a greater occurrence of anaemia 

during pregnancy (113, 114). However, other studies have reported that the odds of anaemia 

were not significantly different between rural and urban residents (347, 348), which is in line 

with our study results. The gravidity of women was identified as a predictor in several studies 

conducted in Ethiopia (24, 25, 46, 77, 343). Our study and a cross-sectional study from Ethiopia 

have indicated that gravidity was not associated with increased odds of anaemia (114). This 
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might be due to methodological differences, as the present study was a case-control study, but 

the previous studies were cross-sectional. 

Different observational studies report that iron/folate supplementation was associated with 

lower odds of anaemia during pregnancy (24, 67, 113, 349). In contrast, the present study and 

another study conducted in north-west Ethiopia (232) have indicated that the odds of anaemia 

were not significantly different between those who had supplemented with iron/folate and those 

who did not. Similarly, evidence has shown that intermittent iron supplementation (152), 

supplementation with folic acid only or with other micronutrients (153) and the provision of 

multiple micronutrients plus an iron and folic acid supplement (154) during gestation failed to 

improve maternal anaemia. A possible explanation could be due to different side effects, 

women might not adhere to supplementation guidelines, which may dilute the effect of iron 

supplementation on anaemia towards the null. 

The strength of this study is the use of the case-control study design, which is an analytical 

design and important for identifying potential factors of anaemia. Case-control designs are 

especially suitable for studying diseases with a long latency period and to assess multiple 

exposures. Another strength of this study is the application of an advanced statistical analysis 

(propensity score analysis), which can help to reduce selection and confounder bias. However, 

the possible limitations of this study are social desirability and recall biases, as this study relied 

on self-reporting and the memories of participants. The use of one 24 hour recall might not be 

representative of the usual dietary intake of women so that there could be inflation or deflation 

of DDS scores. Further, a case-control study can only identify an association; it does not 

establish a temporal or cause-effect relationship. Due to resource constraints, it was impossible 

to measure and incorporate all potential predictors of maternal anaemia. As a result, there could 

be an under-or over-inflation of reported effect sizes, and the interpretation of the study’s results 

should consider these limitations. 

7.5 Conclusion 

This study demonstrated that intake of a less diversified diet, reducing food intake and having 

no formal education were associated with higher odds of anaemia. Interventions focused on 

dietary counselling should be considered to strengthen existing prenatal health service 

programs. Women who are pregnant or considering pregnancy should be strongly encouraged 

to increase, rather than decrease, both the diversity and amount of food intake during pregnancy 

to ensure they meet macro-and micronutrient requirements. 
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Chapter 8: The effect of dietary patterns on HDPs in North Shewa, Ethiopia: 

A propensity score-matched case-control study 

This chapter was published in the Journal of Pregnancy Hypertension in October 2020. 

Kibret KT, Chojenta C, D’Arcy E, Loxton D. The effect of dietary patterns on 

hypertensive disorders of pregnancy in North Shewa, Ethiopia: A propensity score-

matched case-control study Pregnancy hypertension, 2020; 22: 24-29; 

doi.org/10.1016/j.preghy.2020.07.002.  

 

Abstract 

Objective: This study aimed to assess the effect of dietary patterns during pregnancy on HDPs. 

A propensity score-matched case-control study was conducted with 340 pregnant women (71 

cases and 269 controls) in North Shewa Zone, Ethiopia. Data were collected through an 

interviewer-administered questionnaire and maternal anthropometry measurements. After 

propensity score matching, a conditional logistic regression model was used to identify the 

independent predictors of HDPs by adjusting for confounders. P < 0.05 was statistically 

significant. 

Results: A high DDS (AOR = 0.45; 95% CI: 0.21, 0.93) was associated with lower odds of 

HDPs. Being a merchant (AOR = 3.71; 95% CI: 1.16, 11.89), having a previous history of 

HDPs (AOR = 27.58; 95% CI: 4.53, 168.06) and a high Hgb level (AOR= 2.26; 95% CI: 1.66, 

3.09) were associated with increased odds of HDPs. Diet is an amendable factor, and the 

promotion of a diversified diet is an important approach for preventing the occurrence of HDPs. 

Women should be counselled to diversify their dietary intake to include a large number of 

vegetables, legumes and fruit. 

Key terms: Hypertensive disorders of pregnancy, gestational hypertension, dietary intake, 

pregnant women, case-control study. 

  

https://www.sciencedirect.com/science/journal/22107789
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8.1 Introduction 

HDPs are a group of disorders that include chronic hypertension, gestational hypertension, pre-

eclampsia/eclampsia and pre-eclampsia superimposed on chronic hypertension (158). 

Gestational hypertension refers to the presence of raised blood pressure (≥ 140/90 mmHg) in 

two measurements, 4 hours apart, after 20 weeks of gestation in women previously 

normotensive (159). Pre-eclampsia refers to blood pressure ≥ 140/90 mmHg with ≥ +1 

proteinuria in women previously normotensive (159). Eclampsia includes pre-eclampsia plus a 

new event of seizure or convulsion (159). Chronic (pre-existing) hypertension refers to a blood 

pressure ≥ 140/90 mmHg preceding pregnancy or before the 20th week of gestation (158, 159). 

HDPs are among the leading causes of maternal morbidity and mortality globally and regionally 

(5, 11), including in Ethiopia (12). HDPs are a health problem among pregnant women and 

ranked in the top five major causes of maternal death worldwide (5). HDPs complicate nearly 

10% of pregnancies and cause an estimated 30,000 maternal deaths annually, with most deaths 

occurring in less-developed countries (11). In sub-Saharan and Northern Africa, hypertensive 

disorders accounted for nearly 16% and 17% of maternal deaths, respectively (5). In Ethiopia, 

it is the third most common cause of maternal mortality (19%) next to haemorrhages (22%) and 

obstructed labour/uterine ruptures (36%) (12). Unfortunately, maternal deaths due to HDPs 

have shown to be an increasing trend (12, 186). 

The exact causes of HDPs are not known (164), although it is proposed that there are multiple 

risk factors (modifiable and non-modifiable) (163). Evidence has shown that modifiable risk 

factors, including a BMI of 25 kg/m² or more (175, 176), low education attainment (122, 157), 

poor diet, anaemia and the number of previous births (6, 122) are risk factors of HDPs. 

Moreover, non-modifiable factors, such as being over 35 years of age, (122, 165, 166) 

primiparity (122, 165-167), multiple pregnancies (122, 165, 166, 168), family history of 

hypertension (169-171), previous pre-eclampsia or hypertension during pregnancy (157, 170, 

172), GDM (165, 167, 173, 174) and pre-existing diabetes (171, 175) are also associated with 

a higher odds of HDPs. 

Several studies have also reported that dietary intake during pregnancy plays an important role 

in the occurrence of HDPs (26, 27, 155, 156). However, the findings remain varied, and further 

research is necessary to clarify the effects of dietary intake on the occurrence of HDPs, 

particularly in resource-limited settings, including in Ethiopia (37). Further research is needed 
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to properly clarify the effect of DDSs on HDPs in resource-limited settings. Therefore, this 

study aims to assess the effect of dietary patterns on the risk of HDPs in North Shewa, Ethiopia. 

8.2 Methods 

8.2.1 Study settings, design and population 

A case-control study was conducted in five selected health facilities in North Shewa Zone, 

Ethiopia, from November 2018 to March 2019. The cases were pregnant women who had a 

blood pressure ≥ 140/90 mmHg. Controls were pregnant women who were normotensive 

during their pregnancy. For each case, three healthy controls were identified. 

The study population was all pregnant women who attended the ANC clinics in the selected 

health facilities. Any pregnant woman who had an ANC follow-up in that specific health facility 

during the study period between November 2018 and March 2019, and provided consent was 

included in this study. Pregnant women who could not hear or speak were temporary residents, 

had severe medical problems (cardiovascular or renal diseases) or were not willing to 

participate were excluded. 

8.2.2 Sampling method and sample size determination 

A sample size quota was allocated for each selected health facility proportional to the average 

number of ANC visits for the preceding three months. Participants were recruited from each 

health facility until the allotted sample size was fulfilled. The sample size was calculated using 

significant factors of HDPs and selected to produce a maximum sample. The optimum sample 

size was calculated using the following parameters: age > 35 years as the exposure variable, 

5% significance level, a power level of 80%, a 1:3 ratio of cases to controls, and a double 

proportion formula (264). Therefore, using a 5% contingency level for non-response, the final 

sample size was 314 women (79 cases and 235 controls). 

8.2.3 Data collection procedures and measurements 
Data were collected using an interviewer-administered questionnaire, anthropometry 

measurements and a record review of laboratory measurements. The questionnaire assessed 

sociodemographic characteristics: maternal and family characteristics, maternal feeding 

habits/practices and maternal dietary intake (24-hour recall). The dietary intake of participants 

was assessed through the administration of a 24-hour recall food questionnaire that was adapted 

from the FAO/WHO (220). Participants were requested to recall all foods they had consumed 
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in the preceding 24 hours: first spontaneously, then following probing questions from the 

interviewer. The questionnaire was prepared in English and translated into Amharic. 

8.2.4 Anthropometric and laboratory measurements 

Blood pressure of participants was measured using an arm sphygmomanometer after a 10-

minute rest. A blood pressure measurement ≤ 140/90 mmHg was taken as normal (140 and 90 

refer to SBP and DBP, respectively). The Hgb levels of participants, routinely measured during 

ANC follow-ups, were taken from ANC registries to determine the anaemia status of enrolled 

pregnant women. Midwives estimated the gestational age of each participant’s pregnancy using 

the last reported menstrual period method during their ANC visit at the health facility. The urine 

protein level and stool examination values were taken from the ANC registries. 

8.2.5 Data analysis 

 Descriptive analysis 

Descriptive statistics were calculated and mean blood pressure was compared across different 

categories of the independent variables using ANOVA and Stata version 14 (stata.com). 

The DDS was computed using data from a 24-hour dietary recall based on the recommendations 

of FAO/WHO (220). Food items and liquids reported in the 24-hour dietary recall were 

categorised into 10 food groups. These food groups were the following: 1) Starchy staples 

(grains, white roots, tubers); 2) Legumes/pulses (beans, peas and lentils); 3) Nuts and seeds; 4) 

Dairy; 5) Meat, poultry and fish; 6) Eggs; 7) Dark green leafy vegetables; 8) Vitamin A-rich 

fruits and vegetables; 9) Other vegetables (tomatoes, onions); and 10) Other fruits (apples, 

bananas). Eating a single item from any of the food groups earned a score of 1; if not consumed, 

no points were given. The minimum and maximum DDSs were 0 and 10 points, respectively 

(220). The DDS was grouped into low (< 5) and high DDS (≥5). 

 Propensity score analysis 

Propensity score analysis was performed to adjust for significant differences in baseline 

covariates and to have unbiased estimates. The propensity score (267, 268) is the conditional 

probability of assigning a variable to a particular group (exposed or unexposed) given a set of 

observed covariates and avoids selection or confounder bias (269). The propensity score 

analysis was performed as follows. First, a propensity score for each patient was estimated 

using the logistic regression model, with the dietary diversity during pregnancy as the endpoint 

(high coded as 1; low, as 0). The following variables were used to estimate the propensity score: 

http://www.stata.com/
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age, residence, educational status, marital status, occupation, gravidity, ANC, nausea or 

vomiting, gestational age, eating before pregnancy, change food after pregnancy, food avoided, 

started new food types, meal patterns, fasting and food craving. The c statistic (270) and 

Hosmer–Lemeshow statistics (271) were used to assess the propensity score model fit. The 

Hosmer–Lemeshow goodness-of-fit test (p = 0.63) and the c statistic (0.77) indicated a good 

calibration and discrimination ability of the propensity score model. 

After estimating the propensity score, the study subjects were grouped into seven strata based 

on the quantiles of population propensity scores (272). Then, the balance of the covariates in 

the resultant matched data became the main concern of the propensity score analysis (269). The 

covariate balance between two groups (women with low DDS and women with high DDS) was 

checked using the standardised mean difference (standardised bias) with the ‘pbalchk’ 

command in Stata (273). The covariate balance check result indicated that all of the variables 

had a less than 0.25 absolute mean standardised difference (max = 0.152; see Table 8.1), which 

is less than the recommended cut-off value (< 0.25) (274). 

Finally, using the propensity score-matched data, a conditional logistic regression model was 

used to assess the association between maternal DDS and HDPs, with adjustment for covariates 

(275) to control for the remaining minor differences in the matched sample (276). 

Bivariate analysis was undertaken to determine the association between different factors and 

HDPs, and CORs with 95% confidence intervals were estimated. Multivariable conditional 

logistic regression was used to identify the independent predictors of HDPs by fitting factors 

with a p < 0.25 in the bivariate analysis. This multivariable logistic regression can also help to 

adjust for confounders, and a p < 0.05 was taken as significant. 

Table 8.1 Standardised mean differences before and after propensity score matching, 

comparing covariate values for study subjects having high vs low DDSs. 

Variables  
Standardised difference (%) 

Before PSM After PSM 
Education _no –16.9 2.5 
Education _primary  –33.4 –3.5 
Education _secondary 41.1 2.0 
Education _tertiary 18.5 –1.0 
Marital status _single 1.9 –0.7 
Marital status_ married –7.3 –8.8 
Marital status _divorce/widowed –11.0 4.2 
Residence_ urban 44.9 1.9 
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Variables  
Standardised difference (%) 

Before PSM After PSM 
Residence _rural –44.9 –1.9 
Age < 30 20.3 15.2 
Age >= 30 –20.3 –15.2 
Occupation _farmer –49.8 2.2 
Occupation _merchant 0.3 0.7 
Occupation _gov’t employ 29.0 4.1 
Occupation _housewife 17.3 –4.8 
Occupation _others 5.0 –1.5 
Gravidity _primigravida –4.2 –1.4 
Gravidity _multigravida 4.2 1.4 
ANC - yes 7.5 0.0 
ANC - no –7.5 0.0 
Gestational age _13–27 weeks –8.3 –1.6 
Gestational age _28–40 weeks 8.3 1.6 
Eating patterns before pregnancy - 1–2 times 9.8 0.3 
Eating patterns before pregnancy - 3 times  –37.8 –1.1 
Eating patterns before pregnancy - >= 4 times  35.1 1.0 
Changed food intake in pregnancy - no  –23.9 3.5 
Changed food intake in pregnancy - increased 34.2 –3.4 
Changed food intake in pregnancy - decreased –13.4 –0.2 
Meal pattern - 2main & 1small  –54.7 0.9 
Meal pattern - 2main & 2small 50.3 2.5 
Meal pattern - 2main & 3small 6.9 –4.6 
Food avoided - yes 7.6 –0.8 
Food avoided - no –7.6 0.8 
Food started - yes  41.3 –2.5 
Food started - no –41.3 2.5 
Fasting _yes –7.1 3.3 
Fasting _no 7.1 –3.3 
Craving _yes –7.0 –0.3 
Craving _no 7.0 0.3 
Nausea/vomiting - yes –22.1 2.0 
Nausea/vomiting - no 22.1 –2.0 

Note. PSM = propensity score matching; ANC = antenatal care. 

8.2.6 Ethics approvals and consent to participate 

Ethics approval was obtained from both the University of Newcastle Human Research Ethics 

Committee (Ref. No. H-2018-0017; see Appendix 6), and Amhara Public Health Institute 

Research Ethics Committee (Ref. No. HRTT03/163/2018; see Appendix 7). Written permission 

was obtained from the zonal health department office and each health facility administration. 
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Written informed consent was obtained from each study participant. To protect against undue 

influence, the recruitment of participants was performed in an exit interview after they had 

finished their ANC. 

8.3 Results 

8.3.1 Sociodemographic characteristics of study participants 

A total of 340 study subjects (71 cases and 269 controls) were included in this study. The 

majority of cases (44%) and controls (58%) were aged 25–34 years. Around 38% of cases and 

33% of controls completed up to primary education. More cases (56%) than controls (51%) 

were classified as primigravida. The mean (±SD) SBPs and DBPs of cases were 144.7 

(±10) mmHg and 95 (±7) mmHg, respectively. The corresponding values for controls were 107 

(±11) mmHg and 67 (±8) mmHg, respectively (see Table 8.2). 

Table 8.2 Sociodemographic characteristics of study participants, 2018/2019. 

Sociodemographic variables 
Cases 
n (%) 

Controls 
n (%) 

Total 
n (%) 

Age (years), M (SD, IQR) 26.3 (5.7)  26.2 (4.7) 26.2 (4.9) 

Age (years) 

 15–24 30 (42.3) 95 (35.3) 125 (36.8) 

 25–34 31 (43.7) 156 (58.0)  187 (55.0) 

 ≥ 35 10 (14.1) 18 (6.7) 28 (8.2) 

Place of residence     

 Urban  41 (57.8) 141 (52.4) 182 (53.5) 

 Rural  30 (42.3) 128 (47.6)  158 (46.5) 

Religion  

 Orthodox  70 (98.6) 253 (94.1) 323 (95.0) 

 Others  1 (1.4) 16 (6.0)  17 (5.0) 

Ethnicity  

 Amhara 70 (98.6) 253 (97.0) 323 (97.4) 

 Others  1 (1.4) 16 (3.0)  17 (2.7) 

Educational status  

 No education  15 (21.1) 80 (29.7) 95 (27.9) 

 Primary 27 (38.0) 90 (33.5) 117 (34.4) 

 Secondary  21 (29.6) 63 (23.4) 84 (24.7) 

 Tertiary 8 (11.3) 36 (13.4) 44 (12.9) 

Marital status 

 Single 2 (2.8) 14 (5.2) 16 (4.7) 

 Married 66 (93.0) 248 (92.2) 314 (92.4) 
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Sociodemographic variables 
Cases 
n (%) 

Controls 
n (%) 

Total 
n (%) 

 Divorced/widowed 3 (4.2) 7 (2.6) 10 (42.9) 

Occupation     

 Farmer  10 (14.1) 62 (23.1) 72 (21.2) 

 Merchant  21 (29.6) 49 (18.2) 70 (20.6) 

 Government employee 9 (12.7) 45 (16.7) 54 (15.9) 

 Housewife 26 (36.6) 87 (32.3) 113 (33.2) 

 Other  5 (7.0)  26 (9.7) 31 (9.1) 

Monthly income(ETB), M (SD) 3333.30 (2151.7) 2964.38 (2057.7) 3040.90 (2077.1) 

First pregnancy    

 Yes  40 (56.3) 137 (50.9) 177 (52.1) 

 No  31 (43.7) 132 (49.1) 163 (47.9) 

History of stillbirth     

 Yes  4 (12.9 )        3 (2.3 )   7 (4.3) 

 No  27 (87.1)    129 (97.7)    156 (95.7) 

Hypertension in a previous pregnancy  

 Yes  7 (22.6) 3 (2.3) 10 (6.1) 

 No  24 (77.4)  129 (97.7) 153 (93.9) 

Diabetes mellitus in a previous pregnancy 

 Yes  1(3.2) 0 1(0.6) 

 No  30 (96.8)  132(100)   162(99.4) 

Family history of hypertension   

 Yes  4 (5.6) 11 (4.1) 15 (4.4) 

 No  67 (94.4) 258 (95.9) 325 (95.6) 

Family history of diabetes mellitus 

 Yes  1 (1.4)  3 (1.2) 4 (1.1) 

 No  70 (98.6) 266 (98.9) 336 (98.8) 

Chronic hypertension    

 Yes  0 (0.0) 3 (1.1) 3 (0.9) 

 No  71 (100) 266 (98.9) 337 (99.1) 

At least one ANC visit     

 Yes  40 (56.3) 137 (50.9) 177 (52.1) 

 No  31 (43.7) 132 (49.1) 163 (47.9) 

Alcohol consumed during pregnancy 

  Yes  14 (19.7) 38 (14.1) 52 (15.3) 

  No  57 (80.3) 231 (85.9) 288 (84.7) 

Gestational age (years), M (SD) 33.76 (6.0) 32.10 (5.1) 32.40 (5.4) 

Weight (14) M (SD) 59.99 (7.3) 59.16 (6.7) 59.30 (6.8) 

Height (cm) M (SD) 160.69 (5.9) 159.60 (6.3) 159.85 (6.3) 
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Sociodemographic variables 
Cases 
n (%) 

Controls 
n (%) 

Total 
n (%) 

MUAC, M (SD) 24.3 (2.3) 23.5 (2.2) 23.7 (2.3) 

 < 23 cm 15 (21.1)  98 (36.4) 113 (33.2) 

  23 cm 56 (78.9) 171 (63.6) 227 (66.7) 

SBP (mmHg), M (SD) 145(10) 107(11) 115(19) 

DBP (mmHg), M (SD) 95(350) 68(8) 74(14) 

Hgb level (g/dL), M (SD)  12.20 (1.2) 11.30 (1.2) 11.49 (1.3) 

Note. IQR = interquartile range; ANC = antenatal care; MUAC = mid-upper arm circumference; SBP = systolic 

blood pressure; DBP = diastolic blood pressure; ETB=Ethiopian birr. 

8.3.2 Maternal feeding habits/practices of study participants 

Around 46% of cases and 38% of controls had increased food intake during pregnancy. Nearly 

30% of cases and 25% of controls were fasting during pregnancy. The majority, 45% of cases 

and 40% of controls consumed a daily meal pattern of two main and two small meals. 

Approximately 51% of cases and 45% of controls had a low DDS (see Table 8.3). 

Table 8.3 Maternal feeding habits/practices of study participants, 2018/2019. 

Sociodemographic variables 
Cases 
n (%) 

Controls 
n (%) 

Total 
n (%) 

Eating patterns before pregnancy 

 Once/twice  3 (4.2) 14 (5.2)  17 (5.00) 

 Three times 54 (76.1) 190 (70.6) 244 (71.8) 

 Four times 14 (19.7) 65 (24.2) 79 (23.2) 

Changed food intake in this pregnancy   

 No change 35 (49.30) 124 (46.1) 159 (46.8) 

 Increased size and number 33 (46.48) 102 (37.9) 135 (39.7) 

 Decreased size and number  3 (4.23) 43 (16.0) 46 (13.5) 

Typical meal pattern     

 2 main & 1 small 27 (38.0) 125 (46.5) 152 (44.7) 

 2 main & 2 main 32 (45.07) 108 (40.2) 140 (41.2) 

 2 main & 3+ small 12 (16.90) 36 (13.4) 48 (14.1) 

Fasting during pregnancy    

 Yes 21 (29.58) 67 (25.00) 88 (26.0) 

 No 50 (70.42) 201 (75.0) 251 (74.0) 

Dietary diversity score, M (SD) 5.00 (1.7) 5.14 (1.9) 5.09 (1.8) 

Dietary diversity score   

  5 (good) 35 (49.30) 149 (55.4) 184 (54.1) 

 < 5 (low) 36 (50.70) 120 (44.6) 156 (45.9) 
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8.3.3 Factors associated with pregnancy-induced hypertension 

The bivariate analysis revealed that a one-unit increase in Hgb level was associated with a 1.94 

time increase in the odds of HDPs (COR = 1.94; 95% CI: 1.50, 2.50). Having a previous history 

of stillbirth (COR = 5.13, 95% CI: 1.11, 23.65), having a MUAC ≥ 23 cm (COR = 2.35; 95% 

CI: 1.24, 4.46) and a history of pregnancy-induced hypertension (COR = 10.83; 95% CI: 2.64, 

4.39) were associated with increased odds of HDPs. However, odds of HDPs were not 

significantly different with respect to parity, family history of hypertension, age or consumption 

of alcohol during pregnancy (see Table 8.4). 

The multivariable analysis showed that the intake of a diversified diet during pregnancy was 

associated with decreased odds of HDPs (AOR = 0.45, 95% CI: 0.21, 0.93). Higher odds of 

HDPs were found in women who reported HDPs in a previous pregnancy (AOR = 27.6; 95% 

CI: 4.53, 168.06). Similarly, a one-unit increase in Hgb level was associated with a twofold 

increase in the odds of having HDPs (AOR = 2.26; 95% CI: 1.66, 3.09; see Table 4). 

Table 8.4 Determinant factors for the occurrence of HDPs: comparison of cases and controls 

by bivariate and multivariable logistic regression analyses, 2018/2019. 

Sociodemographic variables 
Cases 
n (%) 

Controls 
n (%) COR (95 %CI) AOR (95 %CI) 

Age (years) 

 15–24 30 (42.3) 95 (35.3) 1 1 

 25–34 31 (43.7) 156 (58.0)  0.62 (0.35, 1.10) 0.73 (0.35, 1.53) 

 ≥ 35 10 (14.1) 18 (6.7) 1.62 (0.67, 3.95) 2.42 (0.76, 7.69) 

Place of residence    1 1 

 Urban  41 (57.8) 141 (52.4) 1.41 (0.77, 2.56) 2.23 (0.85, 5.84) 

 Rural  30 (42.3) 128 (47.6)  1 1 

Educational status  

 No education  15 (21.3) 80 (29.7) 0.86 (0.32, 2.32) 3.23 (0.64, 16.36) 

 Primary 27 (38.0) 90 (33.5) 1.56 (0.60, 4.06) 2.68 (0.61, 11.87) 

 Secondary  21 (29.6) 63 (23.4) 1.82 (0.72, 4.64) 3.71 (0.99, 13.88) 

 Tertiary 8 (11.3) 36 (13.4) 1 1 

Occupation     

 Farmer  10 (14.1) 62 (23.1) 1 1 

 Merchant  21 (29.6) 49 (18.2) 2.96 (1.15, 7.64) 3.71 (1.16, 11.89) 

 Government employee 9 (12.7) 45 (16.7) 1.47 (0.44, 4.95) 2.77 (0.52, 14.71) 

 Housewife 26 (36.7) 87 (32.3) 2.42 (0.91, 6.45) 3.54 (1.06, 11.90) 

 Other  5 (7.0)  26 (9.7) 1.27 (0.34, 4.67) 1.25 (0.25, 6.35) 
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Income (ETB)     

  ≤ 1650 10 (14.1) 41 (15.2) 1 1 

 1651–5250 24 (33.8) 96 (35.7) 1.41 (0.55, 3.63) 0.90 (0.28, 2.87) 

 ≥ 5251 5 (7.0) 12 (4.5) 1.19 (0.48, 2.97) 0.95 (0.32, 2.85) 

 None/unknown  32 (45.1) 120 (44.6) 1.14 (0.53, 2.44) 118 (0.47, 2.96) 

First pregnancy     

 Yes  40 (56.3) 137 (50.9) 1.14 (0.67, 1.95) 1.33 (0.64, 2.76) 

 No  31 (43.7) 132 (49.1) 1 1 

History of stillbirth    

  Yes  4 (12.9 )        3 (2.3 )   5.13 (1.11, 23.65) 3.13 (0.47, 20.91) 

  No  27 (87.1)    129 (97.7)    1 1 

Alcohol consumed during pregnancy    

  Yes  14 (19.7) 38 (14.1) 1.67 (0.83, 3.37) 2.14 (0.86, 5.33) 

  No  57 (80.3) 231 (85.9) 1 1 

History of HDPs     

 Yes 7 (22.6) 3 (2.3) 10.83 (2.64, 44.39) 27.58 (4.53, 168.06) 

 No 24 (77.4)  129 (97.7) 1 1 

Family history of hypertension    

 Yes  4 (5.6) 11 (4.1) 1.29 (0.39, 4.21) 1.04 (0.20, 5.29) 

 No  67 (94.4) 258 (95.9) 1 1 

Family history of diabetes     

 Yes  1 (1.4)  3 (1.2) 1.34 (0.11, 11.32) 2.99 (0.13, 70.92) 

 No  70 (98.6) 266 (98.9) 1 1 

MUAC    

 < 23 cm 15 (21.1)  98 (36.4) 1 1 

  23 cm 56 (78.9) 171 (63.6) 2.35 (1.24, 4.46) 2.0 (0.88, 4.43) 

Typical meal pattern     

 2 main & 1 small 27 (38.0) 125 (46.5) 1 1 

 2 main & 2 main  32 (45.1) 108 (40.2) 0.57 (0.24, 1.34) 0.78 (0.24, 2.16) 

 2 main & 3+ small 12 (16.9) 36 (13.4) 0.87 (0.39, 1.94) 1.71 (0.62, 4.79) 

Dietary diversity score      

  5 (good) 35 (49.3) 149 (55.4) 1  1 

 < 5 (low) 36 (50.7) 120 (44.6) 1.43(0.72, 2.63) 2.22(1.07,4.76) 

Haemoglobin level 105 (25.2) 312 (74.8) 1.94 (1.50, 2.50) 2.26 (1.66, 3.09) 

Note. HDPs = hypertensive disorders of pregnancy; MUAC = mid-upper arm circumference; ETB=Ethiopian birr 

8.4 Discussion 

The results of this study revealed that being a merchant, having a previous history of HDPs and 

a high Hgb level was associated with increased odds of HDPs. Women who reported a more 
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diversified food intake had 55% lower odds of HDPs than those who had a less diversified diet. 

This result is consistent with a study conducted in Norway (351), which reported a lower risk 

of HDPs with the intake of a diversified diet. A systematic review of observational studies has 

also indicated that a healthy dietary pattern, with a high intake of fruits, vegetables, wholegrain 

foods, fish and poultry is associated with a 22% reduced risk of HDPs (352). Numerous 

mechanisms may exist for the effect of dietary intake on HDPs. One possible mechanism may 

be that vegetables, fruits and plant foods are rich in antioxidants and vitamins (353), which 

could prevent oxidative stress (310). Oxidative stress has been linked with increased risk of 

HDPs (309), and the consumption of a diversified diet could help to remove free radicals, which 

are a risk for oxidative stress (312). 

The results of this study showed that women who had a previous history of HDPs were more 

likely to have higher odds of HDPs. This is in line with previous studies conducted elsewhere 

(157, 170, 172). Evidence has also indicated higher odds of HDPs in primipara women 

compared to multigravida women (122, 165-167). Our results did not show a significant 

association between gravidity and odds of HDPs. In contrast to previous studies (169-171), our 

results also did not indicate a significant association between family history of hypertension 

and increased odds of HDPs. 

Previous studies have reported inconsistent findings and causality has not been confirmed 

concerning the effect of Hgb levels on HDPs. The present study has indicated that a higher Hgb 

level was associated with an increased odds of HDPs. A one-unit increase in Hgb levels was 

associated with a twofold increase in the odds of HDPs. Our result is in agreement with studies 

that have reported that a higher Hgb concentration during gestation increases the odds of 

gestational hypertension (127, 128). However, other studies have reported contradicting 

findings in that a low Hgb level increased the risk of pre-eclampsia/eclampsia (123, 354). A 

cohort study in Iran (124) and a case-control study in Sudan indicated that low Hgb level 

increases the risk of pre-eclampsia (125). Similarly, other research has shown that a low Hgb 

level is related to a higher risk of HDPs, especially pre-eclampsia (6, 122). A possible 

explanation is that free Hgb concentration is the cause of vasoconstriction in HDPs while low 

levels of Hgb that may lead to an intensification of oxidative stress, which is the causes for 

HDPs (355) 

Limitations: We tried to minimise the effect of confounding variables by adjusting for possible 

confounding factors. Nonetheless, there may be confounding via unmeasured factors in the 

present analysis, and the results must be interpreted with caution. Recall bias might also be a 
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problem because this study relied on participants’ self-reports (except for anthropometry 

measurements). Moreover, there may be a misreporting of food intake, even though it would 

most likely be non-differential. The use of one 24 hour recall might not be representative of the 

usual dietary intake of women so that there could be inflation or deflation of DDS scores. 

8.5 Conclusion 

The results of this study demonstrate that diversified food intake is associated with lower odds 

of HDPs. Similarly, being a merchant, having a previous history of HDPs and a high Hgb level 

are associated with increased odds of HDPs. Even though a cause-effect relationship cannot be 

established between dietary patterns and the risk of HDPs, our findings indicate that a 

diversified diet may be helpful in reducing the occurrence of HDPs. Women should be 

counselled to consume diversified foods high in vegetables, legumes and fruit. 

  



159 

Chapter 9: General discussion and recommendations 

9.1 Discussion 

9.1.1 Overview 

The previous chapters (Chapters 4–8) presented the findings of this thesis as a series of papers. 

Chapter 4 consisted of a systematic review and meta-analysis focusing on assessing the effect 

of maternal dietary patterns on the risk of adverse pregnancy (HDPs and GDM) and birth (PTB 

and LBW) outcomes using literature from across the globe. The review identified 21 articles, 

of which 18 were cohort studies and three were cross-sectional. In the included articles, six 

reported the effect of dietary patterns on HDPs; six, on GDM; nine, on PTB; and two, on LBW. 

Chapter 5 gave a detailed analysis of the geographical distribution of anaemia among women 

across the country, using spatial analysis of the EDHS, a recently conducted large population-

based survey. The chapter also identified possible predictors of anaemia among women through 

multilevel analysis, taking into consideration the hierarchical nature of the data. Chapter 6 

provided PAF estimates for factors associated with different types of anaemia among women. 

The PAFs were estimated using AORs from logistic regression. Chapter 7 assessed the effect 

of dietary patterns on maternal anaemia in the low-resource setting of Ethiopia through a case-

control study. The study was conducted using 418 participants from five health facilities. 

Chapter 8 was a case-control study examining the effect of dietary patterns on HDPs in North 

Shewa, Ethiopia, with 340 participants 

The present chapter draws together the results from the five complementary studies described 

in Chapters 4–8, providing an integrated and contextualised synthesis of this work. The 

strengths and limitations of this body of work are also described in this chapter. The chapter 

ends with conclusions and recommendations for policy/practice and future research based on 

the main findings of the thesis. 

9.1.2 The effect of dietary pattern on adverse pregnancy and birth outcomes 

The systematic review and meta-analysis in Chapter 4 summarised existing evidence focusing 

on the effect of different dietary patterns during pregnancy on adverse pregnancy (HDPs and 

GDM) and birth (PTB and LBW) outcomes. The results suggest that healthy dietary patterns 

(high intake of fruits, vegetables, wholegrain foods, fish and poultry) have a positive effect on 

pregnancy outcomes (pre-eclampsia and GDM). The meta-analysis of four studies assessing the 

healthy dietary pattern resulted in an effect estimate suggesting decreased odds of pre-
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eclampsia. The healthy dietary pattern is in line with dietary guidelines, which suggest greater 

consumption of whole grains, vegetables, fruits, potatoes, pasta, cereals, beans and lentils, and 

fish (306). Similarly, the beneficial influence of diets high in fibre, potassium, fruits, vegetables, 

cereals, dark bread and low-fat dairy products was reported as decreasing the odds of pre-

eclampsia (307). Another finding was that adherence to a healthy dietary pattern, characterised 

by the intake of vegetables, fruits, whole grains, fish, milk products, water for drinking and a 

lower intake of sugar-sweetened beverages and processed meat products is significantly 

associated with decreased odds of PTB. It is important to note that these results were 

inconsistent, with most of the evidence coming from high-income countries. Therefore, it was 

not possible to generalise the findings to women in low-resource settings. Further investigation 

on the effect of dietary patterns on HDPs is needed in the resource-limited setting of Ethiopia; 

using a case–control study, this gap was addressed in Chapter 8. The results suggested that 

having a well-diversified food intake is associated with lower odds of HDPs. Women who 

reported a more diversified food intake had 59% lower odds of HDPs than those who had less 

diversified food intake. 

The effect of a diversified diet in reducing the risk of adverse pregnancy outcomes could be due 

to the effect of vitamins, minerals and antioxidants on oxidative stress and inflammation (356, 

357). Pregnancy complications and adverse outcomes like pre-eclampsia and PTB have been 

related to oxidative stresses and associated inflammations (309). Vegetables, fruits and whole 

grains are sources of vitamins, minerals and antioxidants that have an anti-inflammatory effect 

(358-360). Intake of a diversified diet containing vegetables, fruits and legumes improves 

micronutrient and antioxidant intakes, which could improve pregnancy and birth outcomes 

through reducing oxidative stress and inflammation (319). Antioxidant vitamins (C and E) and 

essential trace elements (copper and zinc), through the dietary intake of legumes and fruits, 

which are rich in these nutrients, could decrease the risk of adverse pregnancy outcomes (321-

323). Hence, the intake of a diversified diet mainly rich in vegetables (42, 233, 361) and 

probiotic foods (362, 363) could reduce adverse pregnancy outcomes (pre-eclampsia and PTB). 

In general, the intake of a diversified diet could reduce adverse pregnancy outcomes through 

the cumulative effect of nutrients and their biochemical properties. Therefore, the findings from 

Chapters 4 and 8 reveal that diversified diets and healthy dietary patterns, characterised by the 

high intake of fruits, vegetables and whole grains, and low intake of added sugar, red meat and 

processed foods, during pregnancy could have beneficial effects in reducing adverse pregnancy 

outcomes (319). 
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9.1.3 Spatial distribution and determinant factors of anaemia among women 

Anaemia is a multifactorial disease and is a problem across the life course of women. Thus, to 

have a full picture of the problem, we first assessed the spatial distribution and determinant 

factors of anaemia among women of reproductive age in Ethiopia in general (Chapter 5) and 

then assessed the effect of dietary patterns on anaemia among pregnant women specifically 

(Chapter 7). 

The WHO has set a global target of reducing anaemia prevalence among women of reproductive 

age by half between 2012 and 2025 (235). The latest global estimates show that no country is 

on track to achieve this reduction by 2025 (236). In fact, Ethiopia did not show any reduction 

in the prevalence of anaemia among women between 2012 and 2016 (236). The country-

specific determinants of anaemia among women of reproductive age need to be further explored 

(237) to achieve this WHO goal of reduction by half. A more thorough assessment of anaemia 

in particular country settings is necessary to successfully address anaemia at the national or 

regional level. Thus, this thesis identified the contextual and individual predictors of anaemia 

among women in Ethiopia and provided evidence for effective action and designing locally 

resonant intervention programs. 

The spatial distribution and potential predictors of anaemia among women in Ethiopia were 

assessed using representative large-scale population-based data (Chapter 5). The results showed 

that the prevalence rate of anaemia among women in Ethiopia was high and had spatial 

disparities across the country. The results indicated that anaemia is a moderate public health 

problem among women (> 20% prevalence) at the national level and a serious public health 

problem (> 40% prevalence) in five of the 11 regional states, based on WHO criteria (62). A 

higher proportion of anaemia cases was observed in the eastern and north-eastern parts of the 

country. The geographical differences of anaemia across the regional states might be 

attributable to the regional variation of food consumption preferences (55, 56), the occurrence 

of communicable diseases including HIV, malaria and helminths (364) and differences in the 

availability of healthcare facilities (68). Besides, a lack of clean water and the use of 

unimproved latrine facilities may increase the occurrence of soil-transmitted infections (105), 

which in turn could lead to anaemia (106) and might explain some of the observed geographical 

differences of anaemia across the country. 

Moreover, further analysis was conducted to identify predictors of anaemia among women of 

reproductive age. The analysis demonstrated that sociodemographic factors (low educational 
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status, low wealth index, rural residence and unimproved latrine facilities) and 

reproductive/biological factors (including younger age, pregnancy, breastfeeding and high 

gravidity) are associated with the occurrence of anaemia. In addition, further analysis of the 

EDHS data was performed to assess the impact of potential factors of anaemia by estimating 

PAFs (Chapter 6). The AORs from logistic regressions were used to estimate PAFs. PAFs help 

to estimate the relative impact of factors on the outcome of interest, taking into consideration 

the strength of association and prevalence of the factors in the population. The result shows that 

having no education, high gravidity and breastfeeding are factors that have a great impact on 

the occurrence of mild anaemia among women in Ethiopia. Similarly, a substantial proportion 

of moderate-severe anaemia cases were observed among women who lived rurally, had a low 

wealth index, had a birth in the past 5 years and had access to an unimproved latrine facility. 

Poverty reduction and quality education are among the target areas in the Sustainable 

Development Goals (SDG) which are an important determinant of maternal health (336). 

Evidence shows that low socioeconomic status is a predictor of a higher odds of anaemia among 

women of reproductive age. Poverty is the main predictor of poor health, and it is associated 

with poor lifestyle (poor water, sanitation and hygiene, poor dietary habits, reduced access to 

animal-based foods and low access to healthcare services), which can affect Hgb levels (77, 80, 

95, 365). The results of Chapter 5 showed that the lowest wealth quantile was associated with 

a higher risk of anaemia compared to the highest quantile; this is in line with the results of other 

studies conducted in other low-income countries (70) like Benin (96) and India (97, 98). 

Similarly, higher odds of moderate-severe anaemia cases were associated with the poorest 

wealth quantile (99, 100). This might be due to the fact that having a low income means having 

less money to buy nutritious foods or to have a balanced diet (36, 219), which in turn leads to 

inadequate nutrient intake and nutritional status (330). More than 38% of the Ethiopian 

population belongs to the poor and poorest wealth quintile, which indicates that a large 

percentage of women are at risk of anaemia because of their low socioeconomic position (48). 

Another socioeconomic factor for anaemia is education. The current study indicated that 

women who did not have formal education had higher odds of anaemia than those with a higher 

education (Chapter 5). Similar findings were reported in other studies conducted in developing 

countries, (70) including in Ethiopia (77), Timor-Leste (82), Benin (96) and India (76, 97), in 

which a low level of education was associated with higher odds of anaemia among women of 

reproductive age. Formal education could help women in obtaining knowledge that in turn helps 
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them to follow better personal behaviours intake of diversified diet, better health-seeking habits 

(health literacy) and hygiene practices that can prevent anaemia (100).   

Moreover, along with other research findings (70, 102), the results in Chapter 5 revealed that 

the likelihood of having anaemia was higher for rural residents compared to urban residents. 

Similarly, evidence showed a noticeable and higher prevalence of moderate-severe anaemia in 

rural residents (84, 103). Rural residents may have limited access to services (health care, water 

and sanitation), increased exposure to infectious agents like soil-transmitted infections and a 

less varied diet compared to urban inhabitants, all of which can increase the risk of anaemia. 

Furthermore, our study revealed that women from households with unimproved latrine facilities 

were more likely to be anaemic than women from households with improved latrine facilities. 

These findings are in line with other research findings from low-income countries (96, 104) like 

Tanzania (100) and India (76), which reported that unimproved latrine facilities were associated 

with higher odds of moderate-severe anaemia. These findings might be due to the fact that an 

unimproved latrine facility exposes women to helminthic infections (105), which in turn results 

in developing anaemia (106). 

The results of Chapter 5 also showed that reproductive/biological factors (pregnancy, 

breastfeeding, high gravidity and having an HIV infection) were associated with the increased 

occurrence of anaemia. Pregnant women were 28% more likely to have anaemia than non-

pregnant women. Pregnancy predisposes women to low Hgb levels, which in turn results in 

anaemia. Studies conducted in Nepal (366) and India (80) similarly reported that pregnant 

women were more likely to be anaemic than non-pregnant women. Similarly, women with high 

gravidity were more likely to have anaemia than women with low gravidity. Similar studies in 

Ethiopia (77), Iran (83) Pakistan (78, 81) and Timor-Leste (82) also observed a higher odds of 

anaemia among women with higher gravidity than women with lower parity. This might be 

explained by the fact that the more times a woman gives birth, the more she is exposed to blood 

loss, which, over time, results in low Hgb levels in the blood (85). Similarly, prior births may 

deplete maternal iron stores due to the increased nutritional demands of pregnancy and 

puerperal blood loss (86). In combination with previous research, the results of Chapters 5 and 

6 suggest that multifaceted prevention approaches need to be designed to address 

socioeconomic and reproductive/biological factors to reduce the burden of anaemia among 

women. 
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9.1.4 The effect of dietary patterns on maternal anaemia 

The findings of Chapter 5 indicated a higher odds of anaemia among pregnant women compared 

to non-pregnant women. Thus, a further assessment was conducted to identify potential 

predictors of anaemia among pregnant women (Chapter 7). The main hypothesis was that 

maternal dietary patterns may have an effect on the occurrence of anaemia among pregnant 

women. The study indicated that a diversified diet intake was associated with reduced odds of 

anaemia among pregnant women. Furthermore, reducing the frequency and amount of food 

intake significantly increased the odds of anaemia among pregnant women. The study revealed 

that women who reported an intake of the less diversified diet were twice more likely to have 

anaemia than women with a more diversified diet intake. This result is consistent with previous 

cross-sectional studies from Ethiopia (24, 25) and Ghana (43), which showed an association 

between a low DDS and higher odds of anaemia among pregnant women. However, 

contradicting results have been reported in other cross-sectional studies in Ethiopia and Ghana 

(44, 46, 112). 

The association of DDS with the occurrence of anaemia might be due to sufficient and 

diversified food intake helping to meet the required nutrient (including iron) recommendations 

to prevent unintended consequences such as anaemia (345). In addition, this might also be due 

to the fact that an increase in an individual’s dietary diversity is a good proxy indicator of 

micronutrient adequacy in their diet (225, 229) as well as a positive indicator of nutritional 

status (230, 231). Reducing dietary intake during pregnancy might lead to insufficient food 

intake, which could result in low iron intake (346) and subsequent lack of macro and 

micronutrients. Thus, these findings revealed that a diversified dietary intake is one of the 

modifiable factors that should be targeted for easy and cost-effective prevention of anaemia 

among pregnant women. 

9.2 Strengths and limitations 

Though the strengths and limitations of the individual studies were discussed in the respective 

preceding chapters (Chapters 4–8), the overall strengths and limitations of this thesis are 

presented here. One of the strengths of this thesis is the generation of evidence using a 

combination of data sources, including a review of global literature, detailed analysis of large 

population-based national data and the collection of primary data. In addition, various 

combinations of methodological techniques and advanced statistical methods (spatial and 

multilevel analyses) were applied in this thesis, which allowed for the understanding of the role 
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of contextual and geographical factors in the occurrence of anaemia among women of 

reproductive age. The other strength of this thesis is the use of the case-control study design, 

which is an important study design for identifying potential factors associated with maternal 

anaemia. In addition, an advanced statistical analysis (propensity score analysis) was also used, 

which helped to reduce selection and confounder biases, which are a threat in observational 

studies. 

Along with the strengths of this thesis, some limitations must be acknowledged. Due to the 

cross-sectional nature of the EDHS data, cause-effect and temporal relationships could not be 

established based on the study’s findings. Some essential factors, such as dietary intake and 

behavioural factors, were not available in the EDHS survey, so it was not possible to incorporate 

these variables in the analysis. Furthermore, the EDHS was a questionnaire-based survey, 

which relied on the memory of the respondents. Therefore, the data lends itself to recall bias in 

the results, which may be a limitation of this study. 

Regarding the case-control study, the possible limitations are social desirability and recall 

biases, as this study relied on self-reports and the memories of the study subjects. We assessed 

the dietary intake of women through open recall methods, which leads to a more complete recall 

of foods and minimises bias. However, there could be a misreporting of food intake even though 

it would likely be non-differential. Moreover, the use of DDS may not address all foods which 

missed some food groups such as ultra-processed foods. The case-control study can also only 

identify an association; it does not establish a temporal or cause-effect relationship, even though 

the propensity score analysis was applied. Due to resource constraints, it was impossible to 

measure and incorporate all potential predictors of maternal anaemia. Therefore, there may be 

the confounding effect of unmeasured factors in the present analysis. As a result, there could 

be an under-or over-inflation of reported effect sizes. Additionally, the dietary intake of 

participants was measured only once, and the seasonal variability of dietary intake could not be 

addressed. 

9.3 Recommendations 

 In low-income countries, identification of possible determinant factors in specific 

settings is helpful for choosing the most applicable intervention strategies, such as 

nutrition-specific (dietary diversification, supplementation of iron/folate) and nutrition-

sensitive (improving water and sanitation facilities, improving economic and educational 

status) intervention approaches (367). Food-based approaches, such as dietary 
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fortification and diversification seems the best sustainable strategies to rise the iron status 

of a population (368).  In this regard, this thesis identified a set of factors including 

dietary intake, water/sanitation, wealth status and educational status, which are important 

for setting context-specific prevention strategies for maternal morbidity. Thus, the 

prevention of anaemia among women requires context-specific and multifaceted 

intervention approaches, such as improving the economic and educational status of 

women and improving the availability of clean water and toilet facilities. 

 Anaemia prevention strategies or programs need to be prioritised for pregnant women, 

women who have recently given birth and women living in rural areas. Prevention or 

intervention programs should be prioritised for regions in the eastern and north-eastern 

areas (Afar and Somali), as the burden of anaemia is higher in these areas, with more 

than 50% of women being anaemic. Designing intervention strategies targeting 

multigravida and breastfeeding women could reduce mild anaemia. Preventing 

moderate-severe anaemia may require working on improving income, educating women 

and improving living conditions through the accessibility of hygienic latrines constructed 

with cement. 

 Dietary intake should be included as a core component for the prevention of adverse 

pregnancy outcomes through strengthening the existing ANC program. The current 

antenatal program mainly emphasises iron/folate supplementation to prevent anaemia 

during pregnancy. It lacks other alternatives, such as dietary diversification or food 

fortification. The current national ANC programs should incorporate a combination of 

different anaemia prevention strategies, like dietary diversification, and not merely 

depend on iron/folate supplementation. Women who are pregnant should be strongly 

advised to increase both the diversity and amount of food intake during pregnancy 

instead of reducing it. Particular emphasis should be given for dietary diversification. 

Diversified diet intake has a broad-spectrum effect in which a range of problems can be 

addressed. This is because dietary diversification is non-specific and can tackle multiple 

micronutrient deficiencies that cause anaemia. The dietary diversification prevention 

strategy is cost-effective and can easily be implemented with a simple modification of 

existing food habits, as it is closer to the population life and culture (108). 

 A dietary guideline needs to be developed in Ethiopia to effectively implement nutrition-

based prevention approaches across health facilities in the country. Based on the 

guideline, there should be tailored and culturally resonant counselling and education on 

diet during pregnancy through public announcements or radio and by using simple and 
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easily understandable and accessible education materials like posters and brochures.  

Such materials help women to have clear information about diet and to avoid 

misperceptions about food intake during pregnancy. In addition, community-based 

information and education program on anaemia during pregnancy should be designed 

and implemented to improve knowledge of the community and family members.   
 Furthermore, healthcare and agricultural sectors should work in collaboration to design 

a food-based dietary diversity approach to improve diversified food production and 

consumption. Agricultural diversity could increase production, which in turn can 

improve income generation, which would further improve the accessibility of food (108). 

The agricultural sector has a central role in assisting in the production of diversified 

foods, and the health sector could have an important role in designing and implementing 

dietary guidelines as well as disseminating information on the importance of diversified 

food consumption. In addition, community members, particularly community leaders 

and religious leaders, should encourage pregnant women to increase the diversity, 

frequency and quantity of food intake throughout their pregnancy. In this regard, a more 

effective strategy could be social and behaviour-change communication approaches 

through interpersonal communication, media, and community mobilization.  

 A longitudinal follow-up study should be conducted to identify context-specific 

predictors of maternal morbidity and confirm the effect of different dietary patterns. 

 A mixed-methods study is also necessary for understanding and identifying potential 

predictors for the diversified food consumption of women and reduction of some food 

items during pregnancy. 

 Since the causes of anaemia are multifactorial and context-specific, implementing a 

combination of intervention strategies is important. Thus, the effectiveness of combined 

prevention strategies, like dietary diversification and iron/folate supplementation, need 

to be assessed using a cluster randomised trial, taking into consideration sociocultural 

contexts.  

9.4 Conclusions 

Our evidence indicates the importance of healthy dietary intake during gestation for improving 

pregnancy and birth outcomes. Dietary patterns with a higher intake of whole grains, 

vegetables/fruits, legumes and fish were associated with a lower likelihood of adverse 

pregnancy and birth outcomes, even though inconsistencies have been observed among studies. 
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The results also demonstrate that diversified food intake during pregnancy has a beneficial 

effect in reducing the occurrence of anaemia and HDPs. 

Considerable geographic variations in the anaemia prevalence rate were observed within 

Ethiopia. The prevalence rate of anaemia among women in Ethiopia varied and was higher in 

the eastern and north-eastern parts of the country. Higher odds of anaemia occurred in women 

of rural residence, had no formal education, were in the poorest wealth index, were currently 

pregnant, were breastfeeding, had higher gravidity, lacked access to a clean water source and 

had an unimproved toilet facility in their household. Moreover, mild anaemia was higher in 

women with no formal education, were currently breastfeeding and with higher gravidity. In 

addition, higher odds of moderate-severe anaemia were observed among women who were rural 

residents, had an unimproved latrine facility, gave birth in the past year, were currently 

pregnant, were in the poorest wealth quantile or who were infected with HIV. The estimates of 

PAFs suggest that rural residency, low education, low wealth status, pregnancy and high 

gravidity contribute substantially to the occurrence of any anaemia among women. Therefore, 

pregnant women, women with high gravidity and those with recent births, women with low 

education, low wealth status, and women living in rural areas should be prioritised in any 

intervention program targeting anaemia. 

In conclusion, maternal morbidity, such as anaemia and HDPs, can be prevented with 

multifaceted and integrated prevention approaches. 
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