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ABSTRACT 

Background: Low birth weight (LBW) and low infant lung capacity are some of the risk factors for 

childhood and adulthood chronic respiratory diseases such as chronic obstructive pulmonary disease 

(COPD) and asthma. These respiratory diseases are among the leading causes of death and disability 

worldwide. The aetiology of these respiratory diseases and other inflammatory conditions has recently 

been linked to maternal diet during pregnancy. As such it has been important to study the role of 

maternal diet during pregnancy to find any association with maternal and infant outcomes. Highly 

diverse diets have been thought to be a proxy to maternal nutrient adequacy as well as healthy diet. 

Diverse diets may offer protection from inflammatory airway diseases and other inflammatory 

diseases by evening out inflammatory and anti-inflammatory food components. The global burden of 

chronic respiratory diseases has increased over the past decade leading to increased burden on the 

health systems as well as economic losses due to lack of productivity from the affected individuals. 

There is no cure for asthma and other chronic respiratory conditions, however with proper 

interventions they can be well managed and prevented. 

In light of this, the aim of this mini-dissertation is to investigate the effect of Dietary diversity (DD) 

and Dietary inflammatory index (DII), on infant birth outcomes particularly birth weight and lung 

function and to determine if there is any association. With knowledge of this appropriate interventions 

can be put in place to reduce the burden of chronic respiratory diseases. 

This study was a secondary data analysis of a primary study called IMPALA, a birth cohort conducted 

in Kyamulibwa Health Demographic Surveillance Site in Kyamulibwa sub-county in rural district of 

Kalungu in Uganda. In the primary study 564 pregnant women were recruited as they attended their 

routine antenatal care at the health care facilities in this district. Their infants were recruited to the 

study as they were born and the outcome of interest, birth weight and lung capacity were measure at 

delivery and at presentation for postnatal care. 

This mini-dissertation is divided into four parts: 
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Part A contains the protocol which was approved by University of Cape Town Faculty of Health 

Sciences Human Research Ethics Committee. The brief literature review in the protocol describes the 

burden of chronic respiratory diseases, the global distribution and the under-diagnosis of respiratory 

diseases in low income countries. It also links dietary factors to the pathogenesis of inflammatory 

diseases. 

Part B of this mini dissertation contains the Manuscript. This part of the mini-dissertation will focus 

mostly on the results of the study, discussion and conclusions that can be made from this study. In 

summary, the study found no association between dietary inflammatory index, dietary diversity and 

the outcome variables of interest, infant birth weight and infant lung capacity. However interesting 

associations were found between maternal age and infant birth weight. 

The mean Dietary Diversity score was 4.61 +/- 1.79 SD. A score less than 5 is classified as inadequate 

dietary diversity. 84.8% of the participating women had consumed tubers such as cassava, 57.1% 

reported consuming grains or cereal, 12.6% vegetables, 19.3% Fruits, 1.2% meat and 7.4% eggs. 

There were statistically significant differences in dietary practices of the women according to their 

level of education, with 81% of  those who attained tertiary education having adequate dietary 

diversity. 

Starches were the most consumed food group with an average of 16 servings per week while meat, 

processed starches (samosas etc), fruits and  vegetables were consumed at less =<2 serving per week, 

with meat the least consumed at an average of less than 1 serving per week.  

Although marginal, the diets of the participants were mostly anti-inflammatory with an average 

dietary inflammatory score of -1.2. Those with the lowest inflammatory score were associated with 

more servings of legumes, green leafy vegetables, fish and less servings of processed starches and 

animal oil. 
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Part C contains Appendices, which includes the literature review. As the burden of chronic respiratory 

diseases was dealt with extensively in the protocol, this literature review dwells more on dietary 

patterns and their influence on inflammatory diseases such as asthma and other chronic respiratory 

diseases. This literature review will show that dietary diversity is inversely related to dietary 

inflammatory index, with a highly diverse diet likely to be anti-inflammatory. 
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Protocol Synopsis 

Lung function is a term that can in simple terms be used to describe how well the lungs works in 

helping a person breathe [1,2]. It can be measured as early as in the first days of life in infants or at 

any stage of life for both clinical and research purposes. When correctly performed during infancy, 

lung function tests can provide useful information on lung growth and development, disease status, 

and progression, and can aid the clinicians in decision making [2]. Lung function is however used 

more as a research tool than as a clinical too. Epidemiological studies have indicated reduced lung 

function at birth is a risk factor for asthma within the first 10 years of life [3]. Asthma is one of the 

leading chronic respiratory airway diseases, the other being chronic obstructive pulmonary disease [2, 

3]. In 2016 the WHO estimated the global prevalence of asthma to be about 334 million people while 

that of chronic obstructive pulmonary disease at 174 million. It was also reported that the burden of 

asthma increased by 9.5% globally in 2015 [4, 5]. As such asthma is one of the most important non-

communicable diseases and poorly controlled asthma leads to poor quality of life, mortality and an 

increased burden to the healthcare system as well as negative economic impact due to loss of 

employment [5]. 

 

This study seeks to identify if prenatal inflammatory diet is associated with poor lung function which 

is a risk factor for childhood and adulthood asthma. This is important as there is no cure for asthma 

and early life interventions may be important in reducing the burden of the disease. The objectives of 

this study are to describe the association between maternal inflammatory diet during pregnancy, 

measured by the Dietary Inflammatory Index, and infant lung capacity. The second objective is to 

determine the association between dietary diversity and infant lung capacity using the dietary 

diversity score. The dietary inflammatory index is a tool used to assess the overall inflammatory 

potential of a diet by categorising individual’s dietary intake as either anti-inflammatory or pro-

inflammatory [6]. Inflammation is an important aspect in the pathogenesis of asthma and studies have 

revealed that nutrition has the potential to increase the risk of diseases with an inflammatory etiology, 

hence the interest in pursuing this study. 
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This study is an analysis of secondary data that is already completed. No participants will be recruited 

or enrolled for this study. The parent study enrolled 564 pregnant women who gave consent, from 

antenatal care facilities that serve the Kalungu district of South Western Uganda. The infants of these 

women were also recruited.  

At recruitment, baseline information and the pregnant mothers’ diet were collected using the Food 

frequency questionnaire and Dietary Diversity for Women questionnaire. The mothers and their 

babies were assessed again six weeks after birth when they attended the routine vaccinations and 

infant and maternal lung capacity was measured using non-invasive procedures. Data was stored on a 

secure REDCap database (HREC:R042-2018) and an anonymized data extract will be used for this 

secondary data analysis.  

There will be no direct benefits for participants in this study as no participants are recruited or 

enrolled. However, findings of this study may formulate guidelines on prenatal nutrition as an 

potential point of intervention to reduce the later risk of asthma. Similarly, there are no direct risks to 

any individuals as the study will use secondary data only. There are minor indirect risks due to the 

potential for loss of confidentiality and privacy which will managed by using only anonymous data 

and safe storage of data files on password protected computers.  
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1.Project Summary 

 

1.1 Introduction 

 

This study is part of a parent study conducted in Kalungu district of rural Uganda, whose main 

objective was to describe the maternal and household factors associated with lung function in infants. 

This was the first study to attempt to relate maternal diet to infant lung capacity. This study focuses 

more on the maternal factors associated with infant lung capacity with particular focus on the 

influence of pre-natal inflammatory diet on infant lung capacity. Studies have shown that reduced 

lung capacity at birth or early infancy is associated with childhood obstructive airway diseases such as 

asthma and there has been epidemiological evidence of a link between childhood lower respiratory 

illness and the development of chronic respiratory diseases in adults [3]. Epidemiological studies have 

also shown the influence of food in the pathogenesis of inflammatory diseases [7]. As such the role 

played by nutrition on asthma outcomes is of growing interest, however relevant data has not always 

been available as dietary habits of asthma patients are not commonly investigated in clinical practice 

[7] 

 

1.2. Objectives 

 

1.2.1 Overarching Aim 

To determine the dietary patterns of pregnant women in Uganda, and its association with infant birth 

weight and infant lung function. 

 

1.2.3 Specific objectives 

 

 To describe the association between maternal inflammatory diet during pregnancy, measured 

by the Dietary Inflammatory Index, and infant birth weight and lung capacity. 

 

 To determine the association between dietary diversity, infant birth weight and infant lung 

capacity using the dietary diversity score. 
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1.3 Methods 

 

This was a birth cohort study conducted in Kyamulibwa Health Demographic Surveillance Site in 

Kyamulibwa sub-county in rural district of Kalungu in Uganda. Pregnant women were recruited as 

they attended their routine antenatal care at the health care facilities in this district. At recruitment, 

baseline information and the pregnant mothers’ diet were collected using the Food frequency  

Questionnaire and a validated Dietary Diversity for Women Questionnaire. The mothers and their 

babies were assessed again six week after birth when they attended the routine vaccinations and the 

mothers’ lung capacity was measured during this visit using a spirometer. The Dietary Inflammatory 

Index and Dietary Diversity were determined from the Food Frequency questionnaires and Dietary 

Diversity for Women questionnaire respectively.   

 

2. Background Literature review and rational for study 

 

2.1 Lung Function 

 

Lung function is a term that can in simple terms be used to describe how well the lungs works in 

helping a person breathe [1,2]. It can be measured as early as in the first days of life in infants or at 

any stage of life for both clinical and research purposes. When correctly performed during infancy, 

lung function tests can provide useful information on lung growth and development, disease status, 

and progression, and can aid the clinicians in decision making [2]. Lung function in infants is 

measured by Tidal breath analysis. This method relies on natural undisturbed physiological  

 breathing at a resting state without any intentional forceful effort [2]. In this method the infant is put 

in a resuscitation position, i.e supine position with neck and shoulders supported in midline. A face 

mask is then applied carefully to cover the mouth and nose then attached to a pneumotochograph 

which records the volume of each breath. Tidal breathing is then recorded for a total of 10 minutes 

[2,3.8]. 

 

Epidemiological studies have indicated that lung function in early life can be used to as a predictive 

measure of the presence or absence of respiratory disease in early childhood [3]. In one study, infants 

who had high airway resistance were associated with increased risk of childhood wheezing [3,8] . 

High airway resistance and reduced specific airway conductance shortly after birth was also 

associated with an increased risk of recurrent bronchial obstruction and doctor diagnosed asthma at 2 

years of age [3]. As such it was found that reduced lung function at birth is a risk factor for asthma 

within the first 10 years of life [3]. 
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2.1.1 Causes of reduced lung function at birth 

 

Lung development in humans occurs during prenatal life and continues into infancy where it increases 

in size but not in structure [9]. Exposure to a sub-optimal in utero environment  is a risk factor for 

reduced lung function and increases risk of respiratory disease in childhood and later in life [9,10]. 

Early lung development has been shown to be influenced by maternal undernutrition, preterm birth, 

low birth weight, tobacco smoking and both maternal and infant respiratory infections [9,10].  

Maternal nutrition during pregnancy has been shown to influence lung development in infants, with 

nutrition deficient in micronutrients such as Vitamins A associated with reduced lung function [11, 

12]. This is because these vitamins are important in the formation of elastin and are also influence the 

genes responsible for production of surfactant proteins which is important in maturation and repair of 

lung tissue [11, 12].  

 

2.1.2 Measurement of lung function in infants and adults 

Measuring lung function in infants and young children presents significant challenges [13]. Methods 

and interpretation of lung function tests in older children is similar to that of adults, however, infants 

and pre-school children require different methods which consider safety as the most important 

considerations [13]. 

 

2.2 Obstructive respiratory diseases 

Having established that reduced infant lung function at birth is a risk factor for chronic respiratory 

diseases and asthma, it is therefore important to briefly look at the epidemiology of obstructive 

respiratory diseases with particular emphasis on asthma. 

 

2.2.1 Epidemiology of respiratory diseases 

Respiratory diseases are amongst the leading causes of death and disability worldwide, with chronic 

obstructive pulmonary disease affecting about 65 million people and killing more than 3 million 

people annually across the globe [5]. This makes respiratory diseases the third leading cause of death 

globally according to the WHO [14,15]. Asthma is one of the major non-communicable diseases. In 

2016 it was estimated that asthma affected about 334 million people globally [5,14,15]. Asthma is 

also the most common childhood chronic health condition, affecting about 14% of all children 

globally with a global death rate of up to 0.7 per 100 000 children [5]. 

 

There are global differences in the prevalence of asthma [5,16]. While some European countries have 

seen a massive decline in the prevalence of paediatric asthma, some European, Asia, south American 

and African countries have seen an increase in the prevalence of asthma and the WHO predicts that 

numbers of affected people may increase to about 400 million by 2025 [5,15,16]. In recent studies, 
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asthma appeared to be less documented in LMIC due to less awareness of the symptoms of asthma 

such as wheezing and underdiagnoses  to poor health care systems [17]. 

 

 

2.2.2 Global economic impact of asthma 

 

Asthma has an enormous direct and indirect economic burden on patients and healthcare systems 

across the world [18]. In 2013, the US estimated that asthma  alone costs its economy around $81.9 

billion, and it is projected that uncontrolled asthma in the US will lead to direct costs up to $300 

billion in twenty years and indirect costs or economic burden of up to $900 billion [18,19]. 

 

2.2.3 Global response to asthma  

Despite studies showing an increased prevalence of asthma globally and more so in Africa, most 

LMIC in Africa, Asia and South America surveyed in a study by the Global Asthma network, did not 

have a strategy to deal with asthma as shown in Fig 1 [20]. As a result of this regional and or national 

lack of strategy to deal with asthma, it is estimated that in 2013, 22 million disability adjusted life 

years were lost due to uncontrolled asthma [20,32]. 
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2.2.4 Etiology and pathogenesis of asthma 

The cause and pathogenesis of asthma is not yet fully understood. However, early studies believed 

asthma developed as a result of interplay between genetic and environmental factors early in the life 

[21]. Sudden unexpected increase in number of asthma cases over the past 20 years prompted a lot of 

research looking into the adaptable environmental risk factors [21]. 

 Recent studies show that childhood and adulthood asthma is influenced by the in utero environment 

which is in turn influenced by maternal smoking, nutrition, stress and use of antibiotic [21]. Maternal 

dietary intake during pregnancy in particular has been shown to have a big impact in offspring lung 

and airway development [21]. Poor maternal nutrition has been associated with poor offspring lung 

capacity through poor development of the immune system [21]. A number of studies have 

investigated the association of maternal diet with offspring asthma. Most of these studies have 

however, focused on individual foods instead of assessing the quality of whole diets as people do not 

eat foods in isolation. Limited studies have investigated the influence of maternal dietary quality on 

offspring asthma risk [21]. 

 

Inflammation is an important aspect in the pathogenesis of asthma and studies have revealed that 

nutrition has the potential to increase the risk of diseases with an inflammatory etiology [22]. The ever 

changing dietary and eating patterns have also seen an increase in prevalence of diseases with an 

inflammatory etiology such as asthma.[22,23]. There is increasing transition from diets high in anti-

inflammatory compounds such as vegetables and fish to westernized types of diets composed mostly 

of processed foods and sweets, which have high inflammatory potential [23]. This therefore makes it 

of paramount importance to investigate the inflammatory nature of foods eaten by pregnant women 

and try to find its association with asthma as reducing overall dietary inflammatory potential could be 

an important intervention for lowering the risk of asthma. Studies to evaluate the association between 

maternal dietary inflammation and risk of infant asthma are limited [5]. 

 

2.3 Dietary patterns and food insecurity in Sub-Saharan Africa 

 

The Ugandan diet is composed mainly of starchy roots such as cassava and sweet potatoes as well as 

cereals such as maize, millet and sorghum [24]. This diet is complemented by pulses, nuts and green 

leafy vegetables [25]. Overall, the diet is considered to meet the population’s energy demands; 

however it is poor in protein, lipids and micronutrient-rich foods [24,25]. Food insecurity persists in 

some parts of the country as a result of poverty, climate change conditions and political instability 

[24,25]. There are limited food choices in Uganda due to lack of adequate outlets, poor food 

availability and poverty [24]. 
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Despite steady economic growth recorded in Africa and sub-Saharan Africa since the dawn of the new 

millennium, Africa still faces major challenges such as socioeconomic inequality, youth 

unemployment, undernourishment, food insecurity, persistent drought and climate change [26]. 

Climate change in particular is projected to have the most profound direct impact on global food 

insecurity, with sub-Saharan Africa, which already has a high undernourished population, to be 

affected the most [26]. Food insecurity as a result of climate change is projected to increase 

undernutrition of women mostly in low resourced areas leading to poor infant health outcomes such as 

low birth weight, poor lung function and infant mortality [26]. In these low resource areas, women 

face great challenges to maintain good nutrition during pregnancy due to insufficient availability of 

food especially during the dry season [26]. 

 

The ongoing COVID-19 pandemic is expected to increase food insecurity in Sub Saharan Africa, 

especially amongst women who make up the majority of the poor and vulnerable [27,28]. This is a 

result of many African countries enforcing hard lockdown to curb the spread of the disease, leading to 

disruptions in food supply, particularly for the poor who depend on day to day purchases [27,28]. 

COVID-19 related lockdown regulations have seen an increased number of job losses and major 

losses of income throughout the African continent and it has been estimated that the number of hungry 

people will increase significantly in the next few years [28]. 

 

2.4 Dietary transition in Sub-Saharan Africa 

It is important to consider the inflammatory potential of food in the African context as well as the 

nutritional transition happening in sub-Saharan Africa. There has been an increase in the availability 

of affordable Western type diets in urban sub-Saharan Africa [29]. These western type diets include 

processed foods, high red meat, high-fat dairy products, refined grains, simple carbohydrates, 

convenient snacks and sugary beverages [25, 29]. These have been associated with higher levels of 

inflammatory mediators, making the western diet pro-inflammatory [29]. Most of the dietary 

transition in sub-Saharan Africa has occurred in urban areas, however, diets from urban areas are 

being adopted extensively in rural areas as their accessibility in rural areas continues to increase [25]. 

This has in turn affected rural health in some sub-Saharan countries [30, 31]. 

 

2.5 Dietary inflammatory index 

 

The dietary inflammatory index was introduced in 2009 as an applicable tool to assess the overall 

inflammatory potential of a diet by categorising individual’s dietary intake as either anti-inflammatory 

or pro-inflammatory [33]. It was based on literature from different study designs, from cell culture to 

observational and experimental studies in humans [34,35]. Fig 2 below is adapted from a study by 
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Shippava and outlines the steps followed to come up with the DII. In Summary The dietary 

inflammatory index was produced by reviewing articles published between 1950 and 2010 which 

linked nutrients to specific inflammatory markers. The relevant articles were weighted and classified 

as anti-inflammatory and pro-inflammatory [34]. Articles that found pro-inflammatory markers were 

assigned a +1 and those that found anti-inflammatory properties given a -1 and 0 to those that found 

no effect. [34,35].The individual food parameter-specific raw inflammatory effect scores were then 

calculated by using weighted values of the articles which were based on the type of study [34,35]. 

Finally the overall inflammatory effect score of each food parameter was calculated by dividing the 

weighted pro- and anti-inflammatory articles by the total weighted number of articles and then 

subtracting the anti-inflammatory fraction from the pro-inflammatory fraction [34,35].  

 

DII was designed to be applicable to all human studies and has since been used in various studies to 

determine the association of inflammatory diet with various health conditions such as gastric cancer, 

sleep quality, insulin resistance and schizophrenia amongst other studies [34,35]. 
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3. Study objectives 

The objectives of the study are to determine association if any, between prenatal inflammatory diet 

and reduced lung function in infants. As reduced lung function is a risk factor for childhood asthma, 

this study will help to determine if prenatal inflammatory diet is a risk factor for childhood asthma. 

4. Methodology 

4.1 Study area 

The parent study was a prospective study carried out in the General population Cohort, which is a 

Health and Demographics Surveillance Site in Kyamulibwa, in Kalungu district of South-Western 

Uganda. This study will use quantitative data collected in the parent study using quantitative data 

collection methods. 

 

4.2 Study design 

This will be a secondary analysis of data collected from IMPALA birth cohort, a prospective cohort 

study of pregnant women in rural Uganda, whose main aim was to describe the maternal and 

household factors associated with lung function in infants.. 

 

4.3 Study population 

Pregnant women are required to present for antennal care four times before giving birth as 

recommended by the WHO [36].In this study pregnant women who attend antenatal care at one of 

four health facilities that serve the Kalungu district were recruited. The infants of these women were 

also recruited. A total of 560 pregnant women were recruited from the antenatal care facilities for this 

study. 

 

4.4 Inclusion and exclusion criteria 

Inclusion criteria 

Only pregnant women 15 years and older who provided informed consent for the research were 

included.  

The women were also included if they were willing to go for the second antenatal care visit and  

were also willing to allow home visits by the research team. Mothers had to give consent for their 

infants to be included in the study. 

 



13 
 

Exclusion criteria 

Women who had intentions to relocate permanently out of the district were excluded and infants with 

congenital structural upper airways abnormalities at birth were also excluded. 

 

4.5 Sampling 

Convenience sampling technique was used to recruit pregnant women who presented for antenatal 

care at the three health facilities that offer maternity for this cohort study. Potential participants 

attending the antenatal clinics were provided with an information sheet in the local language to read 

whilst waiting to be seen. Where necessary the clinic staff read the information sheet and explained 

the study to the potential participants. Participants who express an interest in taking part were directed 

to the research team at the end of the clinic appointment and informed written consent was obtained 

from them. Those who requested more time to think about it were given 24 hours or returned on 

another day 

 

4.6 Sample size 

As this will be a secondary study, sample size will not be calculated. However, the primary study 

enrolled a minimum of 560 into the study. Since there had not been any studies that investigated 

maternal nutrition during pregnancy and lung function of their young infants in Africa, sample size 

calculation was based on air pollution as the main exposure, and was based on a birth cohort study on 

air pollution during pregnancy and lung function in infants in which air pollution levels were related 

with the lung function in infants aged 6-10 weeks, and reported a mean (SD) of 1401 (242) ml/l [37]. 

In recruiting 560 pregnant women, it was anticipated that infant lung function will be obtained on 360 

infants, assuming an estimated 10% loss to follow up, 5% rate of miscarriages, still births, and 

neonatal deaths and that lung function measurements will be obtained on 75% of infants that attend. 

This sample size estimation was based on the primary exposure (maternal diet) and association with 

infant lung function. The study was projected to have 80% power to detect an 8% difference in minute 

volume across the quintiles of maternal dietary intakes at the 5% level of significance. With  

a minimum sample size of 360, the study was expected to have atleast 80% power to estimate effect 

sizes of an OR = 1.5 or larger. 
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4.7 Dietary inflammatory index and Dietary diversity score 

The recruited mothers were required to complete a Food frequency questionnaire at 2 time points. We 

used the resulting dietary data to calculate DII scores for each participant. DII will be discussed in 

detail in next chapter. 

 

5. Data collection and Measurements 

The data was collected at four time points; first at recruitment during the antenatal clinic visit ; then 

during a home visit to the home of the pregnant woman; followed by collection at the postnatal clinic 

visit(6 weeks) and lastly at home visit during the postnatal period (5-6 weeks). Dietary information 

was collected from the recruited mothers through Food Frequency questionnaires as well as the 

Dietary diversity for women questionnaire. The FFQ DD-W questionnaires were given at recruitment 

at antenatal facilities. 

5.1 Outcome Measures and other covariates 

The outcomes of interest were doctor measured infant lung function measured at first inoculation. The 

Dietary inflammatory index will be divided into quartiles and will be used as our primary exposure of 

interest. Other covariates to be considered include Mothers age, education status, smoking status, 

alcohol consumption, BMI at enrolment, Maternal and paternal (biological father) asthma status at 

enrolment. 

 

5.2 Data analysis and Descriptive statistics:  

R version 3.5.3 will be used for statistical analysis. Exploratory data analysis will look at the 

distribution and summary statistics of each individual variables for both mother and infant. 

Categorical variables will be assessed using frequency tables. Continuous variables will be assessed 

using histograms as well as means and standard deviations for normally distributed data, and medians 

and interquartile ranges for data not normally distributed.  Prevalence (95% confidence intervals) of 

key outcomes will be estimated. Baseline characteristics of women completing the study versus lost to 

follow up will also be described. Univariable and multivariable generalised linear models will be  

 

used to determine the association between maternal diet and infant lung function parameters. The 

most suitable model will be selected for the outcome of interest (infant lung function). Exposures, 

important confounders and additional co-variates will be included in the multivariable models. Model 

appropriateness and fit will be assessed using standard model diagnostics. Associations with p-values 

<0.05 will be interpreted as statistically significant. 
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6. Ethical consideration and consent 

This study uses secondary data from a primary study that got ethical approval from the Liverpool 

School of Tropical Medicine Research Ethics Committee (LSTM REC). This protocol and associated 

documents will be submitted for ethical approval to the Human Subjects Research Ethics Committee 

of the Faculty of Health Sciences at the University of Cape Town.  

Informed consent 

The primary study obtained informed consent of all participants before enrolment. This was through 

standardized script in participants home language (Luganda), delivered by trained study staff. The 

script detailed the purpose of the study, study procedures, and the risks and benefits to mothers and 

infants that participants may encounter during the study. It was emphasized that participation is 

voluntary and participants may exit the study at any time without compromising the quality of health 

care they received from the health care facilities. 

 

Risks 

In this specific protocol, there are no risks to any individuals as the study will use secondary data 

obtained from a primary study that considered all possible risk and was carried out under ethical 

approval. 

 

 

7. Use of information or publication 

 

The study findings will be collated and submitted as the mini-dissertation component of the author’s 

Masters in Public Health degree.  

 

 

8. Logistics 

 

 June July August Sept October November Dec/Jan 

Literature 

review 

    

Data analysis       

Results       

Write up       

Submission        

 

 

9. Budget 

 

No funding will be required for this study as it will be using secondary data obtained from another 

study. All components of the data analysis will be done at the other’s time with no expenses expected 

 

10. Conflict of interest 
 

No conflict of interests anticipated. 
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Abstract 

Background: Infant lung capacity and low birth weight among others, are risk factors for childhood 

and adulthood chronic respiratory diseases such as chronic obstructive pulmonary disease (COPD) 

and asthma. These respiratory diseases are among the leading causes of death and disability 

worldwide. The aetiology of these respiratory diseases and other inflammatory conditions has recently 

been linked to maternal diet during pregnancy. As such it has been important to study the role of 

maternal diet during pregnancy to find any association with maternal and infant outcomes. Highly 

diverse diets have been thought to be a proxy to maternal nutrient adequacy as well as healthy diet. 

Diverse diets may offer protection from inflammatory airway diseases and other inflammatory 

diseases by evening out inflammatory and anti-inflammatory food components. 

Purpose: To investigate the effect of Dietary diversity (DD) and Dietary inflammatory index (DII), 

on infant birth outcomes particularly birth weight and lung function and to determine if there is any 

association. 

Methods: In this study we analysed data obtained from 564 women who attended antenatal care 

facilities in Kalungu district of rural Uganda. These women were recruited by convenience sampling 

as they walked in to the facilities for antenatal care. Those who gave consent were given asked about 

their diets and socioeconomic statuses by means of questionnaires and home visits. Dietary scores 

were created as the number of unique food groups obtained from the data collected. The scores ranged 

from 0-14, with 14 representing those who consumed all 14 unique food groups identified in the 

study. Dietary inflammatory index was also calculated from the data obtained. The methods for 

calculating the DII will be explained in detail under methods. The data collection on Dietary diversity 

was based on 24hr recall. 

Results: The mean tidal volume was higher in female infants at 7.63ml/kg (SD=1.57), than in male 

infants at 7,35ml/kg (SD=1.53). This difference in tidal volume was however not statistically 

significant.The mean Dietary Diversity score was 4.61 +/- 1.79 SD. In the previous 24 h, 84.8% of the 

participating women had consumed tubers such as cassava, 57.1% reported consuming grains or 
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cereal, 12.6% vegetables, 19.3% Fruits, 1.2% meat and 7.4% eggs. There were statistically significant 

differences in dietary practices of the women according to their level of education, with 81% of  those 

who attained tertiary education having adequate dietary diversity. 

Starches were the most consumed food group with an average of 16 servings per week while meat, 

processed starches (samosas etc), fruits and  vegetables were consumed at less =<2 serving per week, 

with meat the least consumed at an average of less than 1 serving per week.  

Although marginal, the diets of the participants were mostly anti-inflammatory with an average 

dietary inflammatory score of -1.2. Those with the lowest inflammatory score were associated with 

more servings of legumes, green leafy vegetables, fish and less servings of processed starches and 

animal oil. 

There was no association observed between dietary diversity and infant birth outcomes, birth weight 

and lung function. No association was also observed between Dietary inflammatory scores and infant 

lung function. 

Conclusion: This study shows that in rural areas or in low income countries, dietary diversity is low 

and uniform across the population. There was high of consumption of starches and legumes with low 

consumption of fruits, vegetables and meat products. There were no significant differences in 

consumption of different food groups across different occupations, age groups, marital status and to 

some extent level of education. Interventions aimed at improving food diversity may be required. 

 

 

 

 

 

Introduction 
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Lung function, a term used to describe how well the lungs work in helping a person breathe, has been 

used in epidemiological studies as a predictive measure for the presence or absence of respiratory 

disease in early childhood as well as later in adulthood [1]. Studies indicated that there was an 

increased risk of early childhood wheezing in children reported to have increased airway resistance in 

the first few weeks of life [1,2]. High airway resistance and reduced specific airway conductance 

shortly after birth was also associated with an increased risk of recurrent bronchial obstruction and 

doctor diagnosed asthma at 2 years of age [1]. As such it was found that reduced lung function at birth 

is a risk factor for asthma within the first 10 years of life [1]. Lung function has also been shown to 

have associated with infant birth weight, with low birth weight associated with reduced lung capacity 

[2,3]. As such factors that influence infant lung function will influence development of childhood and 

adulthood chronic respiratory diseases such as asthma [2,3]. Some of these factors include prenatal 

maternal diet. 

 

Recent studies have associated prenatal maternal diet with adverse infant outcomes such as low birth 

weight and reduced lung function amongst others [8,12]. Furthermore, dietary factors have been 

found to play a role in the pathogenesis of inflammatory diseases such as asthma [8,12]. Certain types 

of foods have been shown to have nutrients that promote inflammatory diseases by stimulating 

increased production of certain inflammatory mediators in the body. [8]. These types of food are 

called pro-inflammatory foods. Conversely, some food items contain nutrients or antioxidants that 

result in reduction of inflammatory mediators thereby playing a protective role against inflammatory 

diseases [8,12]. The inflammatory potential of diets has been measured using a recently developed 

tool called the Dietary inflammatory index [18]. A negative DII score means the diet is anti-

inflammatory while a positive score means the diet is inflammatory [8]. Dietary diversity, which is 

defined as the different number of unique food groups consumed at a specified time period, has been 

universally regarded as a proxy for healthy diets which contain a balance of all essential nutrients 

[8,11]. Highly diverse diets have been shown to be protective against inflammatory diseases such as 

asthma [8].  

 

With the increasing global burden of asthma, it is vital to explore all possible risk factors so as to 

provide adequate interventions to reduce the burden of the disease. Studies as early as the 1980s by 

Professor David Barker suggested that chronic diseases (such as asthma and COPD) which often 

manifest in adulthood are programmed during pregnancy and during the early stages of growth and 

development [13]. As such this study aims to find association if any between pre-natal maternal diet 

and infant adverse outcomes with particular attention on low birth weight and reduced lung capacity.  

 

Methods 
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Study design and study population  

The original study was a prospective cohorts study where pregnant women accessing antenatal 

healthcare facilities in Kyamulibwa in Kalungu district of rural Western Uganda were enrolled as they 

presented for antenatal care at the Health and Demographics Surveillance site. This surveillance site 

comprises of 25 rural villages and a small township of Kyamulibwa Town Council and has a total 

population 22,000 people. A door to door census is conducted every year to update the population 

demographics. There are five health care facilities that provide basic medical care and antenatal and 

postnatal care to the population. The majority of people in this low income area made a living from 

farming and selling bananas, coffee, vegetables, potatoes and other root plants. The education levels 

were low with only one third of the population having attained secondary education. A total of 564 

pregnant women who gave consent were recruited from this HDSS.  

Inclusion and exclusion criteria 

Only pregnant women of 15 years and older, who provided informed consent for the research were 

included in the study. Women were also included if they were willing to attend the second antenatal 

care visit and also willing to allow home visits by the research team. Both parents of the infants had to 

give consent for their infants to be included in the study. Women who had intentions of permanently 

relocating out of the district were excluded from the study. Infants with congenital structural upper 

airways abnormalities at birth were also excluded. The lung function of infants found to be severe sick 

or with current respiratory illness was deferred to three weeks after recovery. 

Sample size calculation 

Sample size calculation was based on air pollution as the main exposure, and was based on a birth 

cohort study on air pollution during pregnancy and lung function in infants in which air pollution 

levels were related with the lung function in infants aged 6-10 weeks, and reported a mean (SD) of 

1401 (242) ml/l [9]. In recruiting 564 pregnant women, it was anticipated that infant lung function 

will be obtained on 360 infants, assuming an estimated 10% loss to follow up, 5% rate of 

miscarriages, still births, and neonatal deaths and that lung function measurements will be obtained on 

75% of infants that attend. 

The study was projected to have 80% power to detect an 8% difference in minute volume across the 

quartiles of maternal dietary intakes at the 5% level of significance. With a minimum sample size of 

360, the study was expected to have at least 80% power to estimate effect sizes of an OR = 1.5 or 

larger. 

 

 

Data collection and Measurements 
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Data was collected from the women at recruitment during their antenatal clinic visit. Here maternal 

sociodemographic characteristics were taken as well as dietary information through a FFQ and DD-W 

questionnaire. Infant lung function data was collected at post-natal presentation. Dietary diversity 

score was calculated from the data obtained from the DD-W questionnaire. The DD-W 14 food group 

were used the calculate the DDS, these included, cereals, roots and tubers, fruits, meat (organ, poultry 

and offal), Eggs and dairy, fish, legumes, green leafy vegetables, orange vegetables, sugars, oils/fats, 

non-alcoholic beverages. Each food group was then assigned a score of either 0 or 1 for not consumed 

and consumed respectively. The DDS was then measured by the sum of all the food items consumed. 

The DDS was then dived into two groups, inadequate and adequate. Participants who reported 

consuming less than 5 food groups were categorised under inadequate dietary diversity while those 

who consumed more than 5 food groups were grouped under adequate dietary diversity. The DDS was 

used as the primary exposure of interest. 

The data from the FFQ was used to calculate the dietary inflammatory index score. This was done by 

dividing the weekly food frequency by 7 to obtain the daily food frequency. The daily food frequency 

was then multiplied by estimated portion sizes (Supplementary Figure 1) to get the food consumption 

in grams for each food parameter. Each food parameter was z-scored by subtracting the mean then 

dividing by the standard deviation obtained from the global database. This was followed by centering 

the z-scores by subtracting 1. The result was then divided by 100 to get a percentile. Each food 

parameter percentile was multiplied by the food specific inflammatory effect score (Supplementary 

Figure 2) to obtain the food parameter specific DII score. The overall dietary inflammatory score for 

each individual was obtained by summing up all the food parameter specific DII scores. The overall 

DII scores were. The Dietary inflammatory index was divided into quartiles and used as the primary 

exposure of interest. 

Outcome Measures and other covariates 

The outcomes of interest were infant birth weight which is defined as the first weight of the infant 

measured by the health care professionals at birth and doctor measured infant lung function measured 

at first inoculation (6 weeks). Infant lung function was measured by Tidal breath analysis and 

presented as Tidal volume (ml/kg). Minute ventilation(ml/kg/min) was calculated by multiplying 

respiratory rate by tidal volume and also used as a measure of infant lung function. Other covariates 

that were considered include Mother’s age, educational status, smoking status, alcohol consumption, 

BMI at enrolment, Maternal and paternal (biological father) asthma status at enrolment. 

Data analysis Descriptive statistics:  

Exploratory data analysis looked at the distribution and summary statistics of the relevant variables 

for both mother and infant. Continuous variables were assessed using histograms as well as means 
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and standard deviations for normally distributed data, and medians and interquartile ranges for data 

not normally distributed.  Prevalence (95% confidence intervals) of key outcomes were estimated. 

Baseline characteristics of women completing the study were described. Univariable and 

multivariable generalised linear models were used to determine the association between maternal diet 

and infant lung function parameters. Exposures, important confounders and additional co-variates 

were included in the multivariable models. Associations with p-values <0.05 were interpreted as 

statistically significant. 

 
Ethical consideration and consent 

Informed consent was obtained from all participants at recruitment through standardized script in 

participants home language (Luganda). The scripts were delivered by trained study staff and detailed 

the purpose of the study, the procedures, and the risks and benefits to mothers and infants. 

This study used secondary data from a primary study that received ethical approval from the 

Liverpool School of Tropical Medicine Research Ethics Committee (LSTM REC). The protocol for 

this study was submitted to the Human Subjects Research Ethics Committee of the Faculty of Health 

Sciences at the University of Cape Town and was granted ethical approval. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 
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A total of 564 pregnant women were enrolled in the study and 384 infants were considered in the data 

analysis. The majority of participants were black Africans (99.6%) with only n=2 Caucasians. The 

average age of the women who participated in the study was 26.6 years (SD=6.5), with the youngest 

being 15 and the oldest woman recruited being 46 years of age. Most of the women (n=318) in the 

study were between 20 and 29 years of age which is 56.4% of the study population. Women over 40 

years old (n=18), made up 3,2% of the study population. Of the women who participated in the study, 

over 90% had only attained primary education and worked as subsistence farmers (71.3%). 8.9% of 

them were unemployed (n=50), with 48 being housewives and 2 students.  

The majority (n=550) of the women who participated in the study were married, with 79.3% (n=447) 

married monogamously and 18.3% (n=103) in polygamous marriages. Only 12 participants (2.1%) 

were not married, with 9 of them never married, 2 divorced and 1 widowed. 50.2% of the participants 

had healthy weight and history of comorbidities was low at the time of the interview, with only 1.6% 

reporting history of asthma, hypertension and 0.9% for TB. Most of the study participants had no 

history of smoking or alcohol consumption. Only 1.1% reported a history of smoking and 6.7% for 

alcohol consumption.   

 

Participant baseline characteristics and the differences between those who had low infant birth weight 

and those who had normal infant birth weight are shown in Table 1.There were notable differences in 

distribution of maternal age in each birth weight category, with an average age of 24.3 for those 

whose infants had low birth weight compared to 26.6 for normal birth weight. . Bivariate analysis 

showed a statistically significant association between birth weight and maternal age with a p-value 

<0.05. 

Occupation, level of education, alcohol consumption, maternal BMI, history of asthma, TB,  diabetes 

and smoking, were not associated with infant birth weight with p-values >0.05. 
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Table 1. Maternal characteristics by infant birth weight categories

 

Low birth weight (N=46) Norma birth weight (N=335) P-value

Maternal Age 0.009

       Mean (SD) 24.3 (6.62) 26.6 (6.45)

       Median [Min, Max] 22.0 [15.0, 41.0] 26.0 [16.0, 46.0]

Age category 0.04

14- 19 years 12 (26.1%) 40 (11.9%)

20-29 years 25 (54.3%) 192 (57.3%

30-39 years 7 (15.2%) 91 (27.2%)

>=40 years 2 (4.3%) 12 (3.6%)

Level of Education 0.82

       None 2 (4.3%) 16 (4.8%)

Primary 27 (58.7%) 189 (56.4%)

Secondary 16 (34.8%) 114 (34.0%)

       Tertiary 1 (2.2%) 14 (4.2%)

History of Smoking 0.88

No 46 (100) 329 (98.2%)

Yes 0 (0%) 5 (1.5%)

History of TB 0.88

No 46 (100%) 330 (98.5%

Yes 0 (0%) 5 (1.5%)

History of Asthma 0.32

No 46 (100%) 328 (97.9%)

Yes 0 (0%) 7 (2.1%)

History of Alcohol use 0.28

No 45 (97.8%) 308 (91.9%

Yes 1 (2.2%) 26 (7.8%)

Weight 0.18

Mean (SD) 58.1 (11.5%) 61.3 (10.1)

Median [Min, Max] 56.5 [35.0, 92.0] 60.0 [40.0, 97.5]

BMI Category 0.31

Underweight 2 (4.3%) 12 (3.6%)

Healthy weight 28 (60.9%) 169 (50.4%)

Overweight 7 (15.2%) 83 (24.8%)

Obese 5 (10.9%)
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Starches were the most frequently consumed food items amongst women who had low birth weight 

infants at an average of 16.4 servings per week., followed by fruits at an average of 13.4 servings per 

week as shown in Supplementary table 1. Meat and non-alcoholic beverages were the least frequently 

consumed at1.15 and 0.54 serving per week respectively. Mothers who gave birth to infants with 

normal birth weight showed similar food frequency patterns with starch being the most frequently 

consumed food item at 16.4 serving per week, while non-alcoholic beverages and meat were the least 

consumed at 0.54 and 0.99 servings per week respectively. There was no association between 

maternal frequency of consumption of all these food items and infant birth weight, with bivariate 

analysis giving a p-value >0.05. 

Table 2 shows the infant summary statistics by gender. There was an even distribution of boys and 

girls with 182 females’ babies and 202 male babies. The average weight of all infants was 3.28kg with 

a standard deviation (SD) of 1.62kg. The weight of the infants was not normally distributed with a p-

value < 2.2e-16 from the Shapiro-Wilk normality.  Female infants were slightly heavier than male 

infants with average weight of 3.37kg among female infants and 3.22kg amongst males. This 

difference in means was not statistically significant with a p-value of 0.2904 from Wilcoxon rank sum 

test. There were slightly more female infants who were underweight than male infants. There were no 

statistically significant differences in the mean tidal volume per body weight by gender with a p-value 

>0.05. The prevalence of low birth weight in this study was 12,1%. 
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Table 2. Infant characteristic by gender 

 Overall (N=384) 

 

 

Female(N=182) Male (N=202) 

Birth Weight (Kg) 

  Mean (SD) 3.37 (2.55) 3.22 (0.555) 

Median [Min, Max] 3.10 [1.60, 33.0] 3.20 [1.30, 4.90] 

Missing 38 (20.9%) 29 (14.4%) 

Birth Weight Category 

  Low birth weight 18 (9.9%) 18 (8.9%) 

Normal birth weight 126 (69.2%) 155 (76.7%) 

Tidal volume per body weight (ml/kg) 

  Mean (SD) 7.63 (1.57) 7.35 (1.53) 

Median [Min, Max] 7.47 [3.74, 13.2] 7.13 [2.05, 12.8] 

Minute ventilation per 
 body weight (ml/min/kg) 

 Mean (SD) 333 (60.7) 323 (61.7) 

Median [Min, Max] 331 [175, 611] 316 [51.5, 472] 

 

Table 3 below shows the number of meals consumed a day by maternal characteristics. The 

participating women reported eating an average of 2.7 meals per day, with a minimum of one meal 

per day and a maximum of 5 meals per day. No one (n=0) reporting not having any meal a day while 

95.9% (n=541) of the participants reported having 2-3 meals a day. Only 2.48% (n=14) reported 

having 4-5 meals per day. As shown in table 3 below, those who reported to having 3 meals per day 

were aged between 20-29 years (55.3%) n=197, attained primary education (54.5%) n=194, were 

married monogamously (79.5%) n=283 and were subsistence farmers (66%) n=235. 

There was no statistically significant difference in the number of meals per day by age category (p-

value = 0.8782, Chi-squared test. Similarly, there was also no statistically significant difference in 

meals per day among different levels of education and marital status with a p-values of 0.3871 and 

0.9198 respectively.  

 

 

 



32 
 

Table 3: No of meals per day by maternal characteristics make this table 3 

                       Overal (N=564) 

 

1(N=2)     2 (N=185) 3 (N=356) 4 (N=13) 5 (N=1) 

Age Category 

     14- 19 years 0 (0%) 34 (18.4%) 55 (15.4%) 0 (0%) 0 (0%) 

20-29 years 1 (50.0%) 102 (55.1%) 197 (55.3%) 10 (76.9%) 1 (100%) 

30-39 years 1 (50.0%) 42 (22.7%) 92 (25.8%) 3 (23.1%) 0 (0%) 

>=40 years 0 (0%) 7 (3.8%) 11 (3.1) 0 (0%) 0(02%) 

Level of Education 

    Primary 2 (100%) 113 (61.1%) 194 (54.5%) 6 (46.2%) 1 (100%) 

None 0 (0%) 

 

10 (5.4%) 15 (4.2%) 0 (0%) 

Secondary 0 (0%) 54 (29.2%) 132 (37.1%) 5 (38.5%) 0 (0%) 

Tertiary 0 (0%) 4 (2.2%) 15 (4.2%) 2 (15.4%) 0(0%) 

Occupation 

     Farmer 1 (50.0%) 153 (82.7%) 235 (66.0%) 8 (61.5%) 1 (100%) 

Business 0 (0%) 7 (3.8%) 23 (6.5%) 1 (7.7%) 0 (0%) 

Housewife 0 (0%) 9 (4.9%) 38 (10.7%) 1 (7.7%) 0 (0%) 

Teacher 0 (0%) 7 (3.8%) 15 (4.2%) 1 (7.7%) 0 (0%) 

Student 0 (0%) 0 (0%) 2 (0.6%) 0 (0%) 0 (0%) 

Marital Status      

Married Mono 2(100%) 148 (80%) 283 (79.5%) 8 (61.5%) 1 (100%) 

Married Poly 0 (0%) 31 (16.8%) 66 (18.5%) 4 (30.8%) 0 (0%) 

Divorced 0 (0%) 0 (0%) 2 (0.6%) 0 (0%) 0 (0%) 

 

Only 5.7% (n=32) of the women reported ever being short of food as shown in Supplementary table 2. 

Most of the food shortage occurred in April, with 32 women reporting food shortage in this month, 

followed by 12 women in August. No participants reported food shortages in December. There were 

differences in food shortage incidence among the different marital statuses, with 33.3% (n=3) of those 

who were never married reporting food shortage, while only 5.1% (n=23) of those married 

monogamously and 4.9% (n=5) of those married polygamously, reported food shortage. These 

differences were statistically significant with a p-value of 5.5e-06 from the Pearson’s Chi-squared 

test. 

Table 4 below was obtained derived from data obtained from FFQ. It shows the frequency of 

consumption of the individual food items. Starches were the most consumed food items with no one 

reporting to have not consumed starch at all on any given day. The majority of the participants 
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(85.3%) consumed starch 6 times and more a day. The weekly consumption of starch followed a 

similar trend with 97% consuming it 7 times and more. Legumes were also highly consumed with 

about 50% of participant consuming them 2-3 times a day. 92.38% of the participants reported not 

consuming animal oil at all. While 94.5% did not consume orange vegetables at all. Meat, non-

alcoholic beverages, green leafy vegetables, and processed starched were also amongst the least 

consumed food items. Supplementary table 4 shows the average weekly servings of the food items 

and its shows that starches were the most consumed food group, with an average 16.3 servings per 

week. Amongst the starches, tubers were the most consumed, with 84.8% (n=478) of participants 

reporting to have consumed them followed by grains at 57.1% (n=322) as shown in Table 5. Meat 

organ (rich in iron) was the least consumed food items as shown in Table5, with only 1.2% (n=7) of 

participants reporting to have consumed it. Amongst those who reported to consuming meat, average 

weekly consumption was very low at 0.94 servings per week as shown in Supplementary table 3.  

Table 4: Results of food frequency of individual food items keep 

Food Never Once a day 2-3 x/d 4-5 x/d >=6 x/day Once/week 2-4 x/week 

Meat 203(35.99) 141(25) 171(30.32) 37(6.56) 12(2.13)   108(19.15) 

Starch 0 0 9(1.60) 74(13.12) 481(85.28) 0 2(0.35) 

Fish 65(11.52) 93(16.49) 336(59.57) 55(9.75) 5(0.86) 15(2.66) 109(19.33) 

Legumes 17(3.01) 60(10.64) 280(49.65) 185(32.80) 22(3.9) 9(1.60) 217(38.48) 

Non-

alcoholic 
422(74.82) 93(16.49) 47(8.33) 2(0.35) 0 15(2.66) 60(10.64) 

Dairy and 
egg 

268(47.52) 186(32.98) 108(19.15) 2(0.35) 0 22(3.9) 140(24.82) 

Fruit 19(3.37) 25(4.43) 103(18.26) 158(28.01) 257(45.57) 3(0.53) 48(8.51) 

Green leafy 

vegetables 
181(32.09) 152(26.95) 127(22.52) 50(8.87) 14(2.48) 38(6.74) 224(39.72) 

Insects 518(91.84) 45(7.98) 1(0.18) 0 0 14(2.48) 10(1.11) 

Oil-animal 521(92.38) 32(5.67) 11(1.95) 0 0 5(0.89) 25(4.43) 

Oil-veg 14(2.48) 318(56.38) 220(39.01) 10(1.77) 2(0.35) 7(1.24) 296(52.48) 

Orange 
vegetables 

533(94.50) 25(4.43) 5(0.89) 0 1(0.18) 10(1.77) 12(2.13) 

Other 

vegetables 
117(20.74) 187(33.16) 252(44.68) 7(1.24) 1(0.18) 23(4.08) 180(31.91) 

Processed 
Starch 

259(45.92) 128(22.70) 121(21.45) 37(6.56) 19(3.37) 43(7.62) 131(23.23) 

Sugars 58(10.28) 316(56.03) 186(32.98) 4(0.71) 0 12(2.13) 123(21.81) 

Meals 0 2(0.35) 541(95.92) 14(2.48)       
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Table 5 below also shows that vegetable intake amongst the participants was low with only 14.4% 

(n=81) participants reporting that they consumed green leafy vegetables, 12.6% (n=71) orange 

vegetables and 15.6% (n=88) for other vegetables. Among those who reported to consume green leafy 

vegetables, their weekly consumption was poor at an average of 2.09 servings per week as shown in 

Table 2.4. 53.4% (n=301) consumed legumes such as beans at an average weakly serving of 5. 

Dairy products and eggs were poorly consumed with an average of 1.79 servings per week and only 

7.4% (n=42) of the participants reported to consuming them.  

It is also worth noting that processed starches were also minimally consumed with average 

consumption of 1.74 servings per week and only 7.4% (n=42) participants reported consuming fried 

snacks or process starches. Vegetable oil products were far commonly consumed than animal derived 

fats with an average weekly serving of 4.49 compared to 0.152.  

Table 5: Summary table of food items consumed from food Dietary diversity instrument 

 
                                               Overall N=564) 

 

 
No Yes 

Grain 242 (42.9%) 322 (57.1%) 

Orange Vegetables 493 (87.4%) 71 (12.6%) 

Tubers 85 (15.1%) 478 (84.8%) 

Green Vegetables 480 (85.1%) 81 (14.4%) 

Orange Fruits 451 (80.0%) 109 (19.3%) 

Other Fruits 441 (78.2%) 119 (21.1%) 

Other Vegetables 476 (84.4%) 88 (15.6%) 

Meat Organ 552 (97.9%) 7 (1.2%) 

Eggs 520 (92.2%) 42 (7.4%) 

Fish 385 (68.3%) 179 (31.7%) 

Beans 263 (46.6%) 301 (53.4%) 

Fried Snacks 518 (91.8) 42 (7.4%) 

 

The dietary diversity scores measured by the DD-W questionnaire ranged from 1 to 14 food groups. 

Only 1.6% (n=9) consumed only one of the 14 food groups and 0.35% (n=2) reported consuming all 

14 food groups in the previous 24hrs. The average DDS was 4.61 (+/-1.79SD).  
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Table 6 below shows that 49.1% (n=277) of the participants had adequate dietary diversity score (>=5 

food groups), while 47,2% (n=266) had inadequate dietary diversity (<5 food groups).  There was an 

even distribution of dietary scores across the different age categories with the major differences in 

dietary score occurring in the 30-39 age group. An association was found between dietary diversity 

and maternal age with a p-value <0.05. 81.8% (n=18) of those who attained tertiary education had 

adequate dietary diversity and there was an association between dietary diversity and level of 

education with a p-value of 0.04. 63.2% (n=24) of those who reported a history of alcohol use, had 

adequate dietary scores. There was an association between history of alcohol use and history of TB, 

with a p-value<0.05. 

History of smoking, hypertension, and diabetes, as well as occupation, BMI and ethnicity, had no 

association with dietary diversity practices of participants with a p-value >0.05. Infant gender, weight 

and respiratory outcomes (Tidal volume and Minute ventilation) were also not associated with dietary 

diversity practices with a p-value >0.05.  
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Table 6: Maternal and infant characteristics by dietary diversity categories  

 

The average overall dietary inflammatory score was -1.20, with a minimum of -4.56 and a maximum 

of 0.14. Table 7 below shows the weekly consumption frequency of various food groups by DII 

Adequate Diversity (N=277) Inadequate Diversity (N=266) P-value

Maternal Age 0.009

       Mean (SD) 27.8 (20.9) 25.2 (6.10)

       Median [Min, Max] 26.0 [16.0, 35] 24.0 [15.0, 46.0]

Level of Education 0.11

       None 10 (3.6%) 12 (4.5%)

Primary 152 (54.9%) 151 (56.8%)

Secondary 97 (35.0%) 95 (35.7%)

       Tertiary 18 (6.5%) 4 (1.5%)

History of Smoking 0.61

No 275 (99.3%) 263 (98.9%)

Yes 2 (0.7%) 2 (0.8%)

History of TB 0.02

No 277 (100%) 263 (98.9%)

Yes 0(0%) 3 (1.1%)

History of Asthma 0.9

No 273 (98.6%) 263 (98.9%)

Yes 4 (1.4%) 3 (1.1%)

History of Alcohol use 0.25

No 253 (91.3%) 253 (95.1%)

Yes 24 (8.7%) 12 (4.5%)

Weight 0.84

Mean (SD) 61.0 (10.9) 61.2 (9.6)

Median [Min, Max] 59.1 [40.0, 97.5] 60.0 [35.0, 94.0]

BMI Category 0.1483

Underweight 13 (4.7%) 3 (1.1%)

Healthy weight 139 (50.2%) 134 (50.4%)

Overweight 64 (23.1%) 69 (25.9%)

Obese 27 (9.7%) 24 (9.0%)

Infant Gender 0.37

Female 90 (32.5%) 82 (30.8%)

Male 105(37.9%) 93 (35.0%)

Infant Weight

Mean (SD) 5.99 (1.73) 6.12 (1.81) 0.51

Median [Min, Max] 5.4 [3.5, 12.5] 5.50 [2.70, 12.8]

Tidal Volume (ml/kg) 0.5734

Mean (SD) 7.41 (1.52) 7.55 (1.61)

Median [Min, Max] 7.23 [2.05, 12.8] 7.33 [3.72, 13.2]

Minute ventilation ml/kg/min 0.68

Mean (SD) 330 (63.5) 324 (59.1)

Median [Min, Max] 329 [51.5, 611] 320 [132, 492]
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quartiles. The quartiles were as follows: Q1 -4.56 – (-1.52), Q2 -1.53 – (-1.15), Q3 -1.16 – (-0.79), Q4 

-0.8 – (0.14).  Intake of starch, legumes, fruit, green vegetables, fish and dairy products was observed 

to be higher in the more anti-inflammatory quartiles of DII than in the lesser anti-inflammatory 

quartiles. Bivariate analysis showed that there was a statistically significant association between 

Dietary inflammatory score and the frequency of consumption of legumes, starch, vegetables, fish and 

fruit, with p-values <0.05. 

There was an even distribution of the maternal characteristics across the different dietary 

inflammatory index quartiles as shown in Supplementary table 4. The average age of participants in 

Q1 was 25.8 years while that of Q4 was 25.9 years. The average weight of the participants in Q1 was 

60.9 while that of participants in Q4 was 60.5. There was no association between dietary 

inflammatory index quartiles and any of the maternal characteristics, with all giving a p-value>0.05 

on various bivariate statistical tests. 
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Table 7: Food frequency by Dietary inflammatory quartile obtained from FFQ 

 
DII Q1 

(N=142) 

DII Q2 

(N=143) 

DII Q3 

(N=139) 

DII Q4 

(N=140) 

P 

Value 

Starch per week     <0.0001 

Mean (SD) 19.6 (9.78) 16.1 (7.03) 14.6 (5.58) 14.5 (6.43)  

Median [Min, Max] 18.0 [5.00, 66.0] 
15.0 [5.00, 

43.0] 
14.0 [4.00, 34.0] 

13.0 [4.00, 

36.0] 

 

Legumes per week 

    

<0.0001 

Mean (SD) 8.25 (2.32) 5.49 (0.626) 4.04 (0.711) 2.18 (1.10)  

Median [Min, Max] 7.50 [6.00, 20.0] 
5.00 [4.00, 

7.00] 
4.00 [3.00, 5.00] 2.00 [0, 4.00] 

 

Green leafy vegetables 

 per week 

   

0.07 

Mean (SD) 2.51 (2.97) 1.76 (2.46) 2.04 (2.43) 1.89 (2.37)  

Median [Min, Max] 2.00 [0, 18.0] 1.00 [0, 15.0] 2.00 [0, 12.0] 1.50 [0, 11.0]  

Meat per week 

    

0.81 

Mean (SD) 1.27 (2.55) 0.839 (1.39) 0.748 (1.37) 0.900 (1.60)  

Median [Min, Max] 0 [0, 16.0] 0 [0, 7.00] 0 [0, 7.00] 0 [0, 7.00]  

Fish per week 

    

0.00 

Mean (SD) 4.00 (2.56) 3.35 (1.79) 3.14 (1.89) 2.88 (2.13)  

Median [Min, Max] 4.00 [0, 11.0] 3.00 [0, 9.00] 3.00 [0, 9.00] 3.00 [0, 9.00]  

Other vegetables 

 per week 

   

0.01 

Mean (SD) 4.18 (2.96) 3.49 (2.78) 3.29 (2.94) 3.10 (2.81)  

Median [Min, Max] 4.00 [0, 12.0] 3.00 [0, 9.00] 3.00 [0, 13.0] 3.00 [0, 9.00]  

Dairy & egg per 

week 

    

0.15 

Mean (SD) 2.30 (2.95) 1.78 (2.80) 1.45 (2.09) 1.64 (2.47)  

Median [Min, Max] 0 [0, 11.0] 0 [0, 14.0] 0 [0, 11.0] 0 [0, 10.0]  

Insects per week 

    

0.95 

Mean (SD) 0.0563 (0.310) 0.0699 (0.349) 0.0576 (0.336) 
0.0714 

(0.332) 

 

Median [Min, Max] 0 [0, 3.00] 0 [0, 2.00] 0 [0, 3.00] 0 [0, 2.00]  

Vegetable Oil per 

week 

    

0.15 

Mean (SD) 4.81 (2.23) 4.29 (1.85) 4.30 (2.01) 4.54 (1.71)  

Median [Min, Max] 4.00 [0, 17.0] 4.00 [0, 14.0] 4.00 [0, 14.0] 4.00 [0, 9.00]  

Animal Oil per week 

    

0.27 

Mean (SD) 0.204 (0.749) 0.196 (0.906) 0.0935 (0.550) 0.114 (0.481)  

Median [Min, Max] 0 [0, 4.00] 0 [0, 7.00] 0 [0, 4.00] 0 [0, 3.00]  

Fruit per week 

    

0.00 

Mean (SD) 15.3 (11.7) 11.5 (6.66) 11.2 (7.09) 10.8 (7.62)  

Median [Min, Max] 12.0 [0, 64.0] 10.0 [0, 42.0] 10.0 [0, 53.0] 9.00 [0, 47.0]  

 

Table 8: below shows the infant characteristics and outcomes by DII quartiles. There is also an even 

distribution of birth weight, tidal volume and minute ventilation per body weight across the different 
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DII quartiles. There were no statistically significant association between DII quartiles and infant birth 

weight, Tidal volume and minute ventilation per body weight with p-values >0.05. 

Table8: Infant characteristics by DII quartiles  

 

DII Q1 

(N=98) 

DII Q2 

 (N=102) 

DII Q3 

(N=95) 

DII Q4 

(N=89) 

P 

Value 

Birth Weight (Kg) 

    

0.74 

Mean (SD) 3.20 (0.534) 3.21 (0.514) 3.53 (3.09) 3.17 (0.564) 
 

Median [Min, Max] 3.20 [1.30, 4.20] 3.15 [2.00, 4.90] 3.20 [2.00, 33.0] 3.10 [2.00, 4.60] 
 

Birth Weight Category 
   

0.68 

Low birth weight 10 (7.0%) 10 (7.0%) 12 (8.6%) 14 (10.0%) 
 

Normal birth weight86 

(60.6%) 88 (61.5%) 84 (60.4%) 77 (55.0%) 335 (59.4%) 

 

Tidal volume per 

body weight (ml/kg) 

  

0.73 

Mean (SD) 7.29 (1.36) 7.61 (1.68) 7.45 (1.59) 7.58 (1.57) 
 

Median [Min, Max] 7.21 [3.74, 11.7] 7.41 [3.72, 12.8] 7.23 [2.05, 13.2] 7.30 [4.28, 12.2] 
 

Minute ventilation per 

body weight (ml/min/kg) 

  

0.17 

Mean (SD) 328 (61.1) 321 (54.6) 323 (64.4) 339 (64.8) 
 

Median [Min, Max] 330 [175, 472] 317 [132, 65] 317 [51.5,569] 330 [167, 11] 
 

 

In both unadjusted and adjusted analyses, DII scores as quartiles during pregnancy showed no 

associations with infant tidal volume. 
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Discussion 

In this study we found a lack of evidence for an association between maternal diet during pregnancy 

and either infant birth weight or infant lung function. Although there were indications of low dietary 

diversity, the reported diets were also low in inflammatory foods. Specifically, we looked at dietary 

diversity, dietary inflammation index and food frequency instruments to describe the diets of pregnant 

women in the rural Ugandan context, and to evaluate evidence for the association between diet and 

infant lung function.   

This study re-confirmed the association of maternal age and infant birth weight, finding younger 

women (15-19 age group) had lower birth weight infants on average. This was consistent with studies 

that show a non-linear relationship between maternal age and birth weight with optimum weight 

attained at age 34 [5]. 

Similarly, differences in dietary practices according by level of education attainment were observed, 

with more years of education associated with adequate dietary diversity, but not with dietary 

inflammatory index score. This may be due to increased knowledge about nutritional demands during 

pregnancy amongst women who attained a higher level of education [11].  

Although the study investigated association between maternal diet and infant birth weight and lung 

capacity, the findings of this study are similar to findings from studies that investigated association 

between maternal diet and childhood asthma. These studies found no association between diet quality 

and childhood asthma. A study by Nguyen et al, which was a prospective cohort from fetal life 

onwards in the Netherlands, found no association between maternal diet quality and ever asthma until 

age of 10 years [12]. However, associations have been found between higher DII scores and 

occurrence of asthma in older populations [12]. 

Despite finding no evidence of association between dietary diversity infant lung function, the study 

findings were consistent with literature regarding dietary patterns of low-income rural communities. 

There was higher consumption of starchy staples such as cassava and grains, with low intake of 

vegetables, which even when farmed are often sold, animal products and fruits. On investigating 
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dietary patterns in pregnant women, we found no evidence of association between dietary diversity 

during pregnancy and infant birth weight and lung function. There was inadequate dietary diversity in 

the study population and food consumption patterns showed a very low consumption of fruits, cereal, 

fish and vegetables, and especially low in items making up the “Mediterranean diet”, which, during 

pregnancy, has been shown to be associated with decreased infant respiratory signs such as wheezing 

and atopy [4].  

Similar to other studies, findings here suggest that rural women may have limited dietary intake and 

increased micronutrient deficiencies due to limited income, poor availability of nutritious foods 

and seasonality [6,7].  

This study had several limitations which include reliance on self-reported measures of diet, potentially 

leading to recall bias. The study was also limited by inherent issues in the use of Food Frequency 

Questionnaires as methodology for dietary intake. The FFQ is heavily dependent on participant 

memory and literacy and numerical skills [6], and can lead to large recall bias. Using a single 24hr 

dietary recall for the FFQ may have introduced random error which would affect both the dietary 

inflammatory index hem towards the null [8]. The study participants were recruited at different 

gestational stages and some measures such as weight and BMI might have been influenced by the 

stage of pregnancy. No data was available pre-pregnancy. There might also have been a narrow 

exposure range and perhaps a shorter exposure time to see harmful effects.  

There was also low diversity in income and socioeconomic status in the study population. This had an 

impact on the dietary patterns of the participants. As such the findings of this study may not be 

generalised to a more advantaged or diverse populations. Rural areas with a high proportion of low 

income residents may limit available food choices to starchy staples and grains. The pressure to sell 

fruit and vegetable for income similarly may limit dietary diversity.  As with all observational studies, 

unmeasured confounding may also limit inference. Finally, women were enrolled into the study at a 

variety of gestational ages, and gestational age at time of interview may impact results as eating 

patterns change during pregnancy.  
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Conclusion 

Maternal dietary diversity is low in Uganda due to lack of availability of diverse food items and 

poverty. These factors are important in determining the overall nutritional state of the pregnant 

mother. A single snapshot of self-reported diet may not adequately capture the true or total exposure 

to harmful (inflammatory) foods or even the full diversity of the diet. However, the overall maternal 

diet appears poor, and interventions aimed at improving dietary diversity and quality may be 

necessary. 
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Supplementary table 1: Food frequency by birth weight category 
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Supplementary table 2: Maternal characteristics by food shortage, with No meaning no food 
shortage reported and yes meaning food shortage was reported. 
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Supplementary table 3: Weekly food frequency 

 

 

 

 



49 
 

Supplementary table 4: Maternal characteristics by DII quartiles  
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Supplementary Fig 1: Plot of Tidal volume by inflammatory score 
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1. Objectives 

This dissertation investigates the influence of maternal diet on infant birth weight and lung capacity. 

The objectives of the literature review are: 

-Saharan Africa 

-Saharan Africa 

 

   To explore dietary insufficiency in pregnant women 

   To determine risk factors for dietary insufficiency in pregnant women 

   To link dietary diversity with inflammatory diet 

   To explore incidence of childhood pulmonary diseases 

   To link childhood and adulthood pulmonary diseases with maternal prenatal diet 
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2. Literature search strategy 

Google scholar and Pubmed were searched for existence of any studies or literature related to asthma, 

inflammatory diseases, chronic obstructive pulmonary diseases and maternal diet. Search terms such 

as, dietary diversity, maternal prenatal diet, inflammatory dietary index, pulmonary function, lung 

capacity, low birth weight. Titles and abstracts of relevant published journals were reviewed and some 

of their references were also reviewed.  
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3. Literature review 

3.1. Background 

Many interventions have been focused on improving the health of pregnant women in Sub-Saharan 

Africa, targeting antenatal care such as the World Health Organization’s recommendations of the 

four-contact model for antenatal care (FANC) as well as the “first thousand days” in infant care.  In 

spite of these inventions, pregnant women of this region are still at risk of poor nutritional status and 

adverse outcomes of their infants [1, 2]. Adverse outcomes associated with poor maternal nutrition 

include low birth weight and poor infant lung capacity among others [1, 2, 3]. Infant lung capacity 

may have a role to play in later development of asthma, which is a lifelong chronic condition that can 

has a high burden of morbidity and mortality, which is particularly high in sub-Saharan Africa, where 

access to early diagnosis and treatment can be limited. This review focus’ on poor maternal diet as a 

risk factor for low birth weight infants and reduced infant lung capacity. Studies also suggest that poor 

diets often modulate inflammatory pathways and predispose to chronic inflammatory diseases [28]. 

As such, part of this review will focus on diet and inflammation.  

Pregnant women have an increased nutritional demand and as such require nutritional adjustments 

that meet the nutritional demands for a healthy outcome [2, 3]. It has been established through studies 

that women who have a poor nutritional status at conception are at higher risk of disease and death 

and their infants are predisposed to poor health outcomes such as low birth weight, premature birth 

and death [3, 4].  

Dietary recommendations for pregnant women have been made by the WHO, with 6-11 daily serving 

of bread and grain recommended.  Two to four daily servings of fruit, four or more servings of 

vegetables, four servings of dairy products, and three servings of protein sources are recommended 

[5,6]. However, these recommendations are often not met in Sub-Saharan Africa and other low 

income countries where there is high consumption of starchy staples and low consumption of fruits, 

vegetables and animal products due to poor food availability, poverty and ecological factors [7, 8].  
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Adequacy and diversity of diet can be difficult to measure, but a number of individual recall 

instruments have been developed. A commonly applied instrument for measuring dietary quality and 

dietary adequacy in low resourced areas is to measure Dietary Diversity [8]. 

 

3.2 Dietary Diversity 

Dietary diversity is defined as “the number of different foods or food groups consumed over a given 

reference period” [8]. A highly diverse diet consists of enough variety of food groups leading to 

sufficient intake of nutrients for good health [8, 9]. Intake of a variety of food items increases 

probability of ensuring adequate intake of vital nutrients [8, 9]. While diverse diets can still lack 

macronutrients and balance, i.e. adequate proportions of fats, proteins and carbohydrates, diverse diets 

are still associated with better micronutrient density than diets with inadequate diversity [27]. 

Dietary Diversity has been generally recognised as a proxy to healthy eating and can give an 

indication of nutritional adequacy [8]. As such, several recommendations have been made for 

pregnant women to achieve nutritional adequacy during pregnancy, such as the Minimum Dietary 

Diversity for women (MDD-W) [6,8]. As a proxy for dietary quality, MDD-W can be used in poorly 

resourced communities to monitor and evaluate programs aimed at improving diet quality [8,10]. 

Studies have shown that dietary diversity decreases chances of airway inflammation in children 

[11,12]. 

 

 

 

 

 

 



58 
 

3.3. Diet and inflammatory diseases 

Systemic inflammation is hypothesised to play a role in many chronic conditions, and measures to 

assess the inflammatory index of diet have been developed [11].  

Specific inflammatory markers, such as high-sensitivity C-reactive protein (HS- CRP), interleukin-6 

(IL-6), and tumor necrosis factor alpha (TNF-α) have been investigated in association with diet 

through epidemiological studies [12]. These studies have linked inflammation to the pathophysiology 

of many chronic diseases such as cardiovascular diseases, diabetes, Alzheimer’s disease and asthma 

among others [11, 12]. In turn, certain nutrients in food have been associated with increased 

inflammatory markers in the body [8,12].Diets high in foods likely to result in increased levels of 

inflammatory markers are called inflammatory diets. Equally, certain nutrients from foods are 

associated with anti-inflammatory factors, anti-oxidants, anti-allergic or decreases in inflammatory 

mediators thereby providing protective effects from inflammatory diseases [12]. Evidence from 

available studies suggest  that consumption of food rich in Magnesium, fiber, omega-3 and 6 fatty 

acids, polyunsaturated fatty acids (PUFAs), monounsaturated fatty acids (MUFAs), flavonoids and 

carotenoids is associated with decreased levels of inflammatory markers [24]. However, foods rich in 

saturated fatty acids (SFA), trans-fatty acids (TFA), and high-glycemic index carbohydrates are 

associated with increased levels of inflammation [24].  

 

3.4 Asthma and inflammatory diet  

Asthma is a chronic respiratory disorder of significant global importance [13]. It is associated with 

airway inflammation as a result of genetic susceptibility and environmental factors such as inhaled 

allergens, exposure to smoke, indoor and outdoor air pollution [13].  Recent studies have shown that 

diet plays a critical role in asthma pathophysiology. There is however limited data on maternal 

prenatal diet on pathogenesis of childhood asthma [14]. 

Studies in the past decade have recognised the role of food in chronic diseases such as asthma, 

cardiovascular disease, type 2 diabetes and metabolic syndrome [4]. As such dietary guidelines have 
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been added to the prevention and management of chronic diseases guidelines, such as the Global 

Initiative for Asthma Guidelines (GINA) [25]. Gina has since recommended increased consumption 

of fruits and vegetables as a means of controlling and preventing asthma [25].  

Dietary factors have been shown to be directly involved in the pathogenesis asthma [14]. 

Mediterranean diets which are high in fruit and vegetable intake have been observed to reduce hazard 

of asthma due to its anti-inflammatory properties [14]. 

Studies done in the 1980s suggested that chronic diseases which often manifest in adulthood are 

programmed during pregnancy and during the early stages of growth and development [12]. These 

studies further suggested that diet and lifestyle are important in making up a woman’s body 

composition. The body’s composition before conception and during pregnancy has significant effects 

on the health of her offspring and generations that follow [12]. Although results have been conflicting, 

epidemiologic studies that followed have suggested that there is a relationship between maternal 

nutrition during pregnancy and the occurrence of asthma during childhood [12]. 

Some studies have found empirical evidence that maternal diet influences fetal immune system by 

transferring essential nutrients from mother to fetus through the placenta leading to stimulation of 

inflammatory mediators that exert influence in the fetus [15]. These studies led to suggestions that 

maternal prenatal diet influences fetal immune responses thereby predisposing the infant to allergies 

that may cause asthma in childhood [16, 17]. 

The Inflammatory potential of diet can be measured through novel dietary index and empirical dietary 

inflammatory index. 
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3.5 Dietary inflammatory index 

The Dietary Inflammatory Index (DII) is a tool that was developed to provide a quantitative means for 

assessing the role of diet in relation to health outcomes ranging from blood concentrations of 

inflammatory cytokines to chronic diseases [18]. The DII is based on literature from a variety of 

different study designs ranging from cell culture to observational and experimental studies in humans 

and it was designed to be universally applicable across all human nutritional studies [18]. A high DII 

score reflects pro-inflammatory potential of the diet, whereas a low DII score reflects the anti-

inflammatory potential of the diet [18]. 

3.5.1 Development of Dietary Inflammatory Index 

The dietary inflammatory index was produced by reviewing articles in PubmedR and OvidR, 

published between 1950 and 2010. Articles that assessed the effect of nutrients on specific 

inflammatory markers were included [18,19]. The food items that were found to increase 

inflammatory mediators were classified as inflammatory, while those that were found to decrease 

inflammatory mediators and possessed antioxidant properties were classified as anti-inflammatory 

[18,19.20] 

The raw inflammatory effect scores for each food item were calculated by using weighted values of 

the articles which were based on the type of study i.e. Prospective cohort, Case–control, Cross-

sectional, Human, Animal Experimental and Cell culture Experimental [19, 20]. 

The overall inflammatory effect score of individual food parameters was then calculated by dividing 

the weighted pro- and anti-inflammatory articles by the total weighted number of articles then 

subtracting the anti-inflammatory fraction from the pro-inflammatory fraction [19, 20]. Fig 1 below 

shows the resulting inflammatory effect scores for the various food items as well as the global daily 

mean intake and standard deviation which are all required to calculate individual dietary inflammatory 

score will be covered under methods. 

 



61 
 

Fig 1: Food parameters included in dietary inflammatory index, adapted from a study by Shivappa.

 

3.5.2 Limitations of dietary inflammatory index 

The indexes are calculated using daily amounts of food or nutrient consumption, which is difficult to 

calculate in daily clinical practice and depends on estimates. 

The other limitation of the dietary inflammatory index is that it considers individual nutrients, 

however food or nutrients are not eaten in isolation and there are interactions that exist with common 

nutrients in foods [21]. 

 

 

 

 



62 
 

4. Conclusion 

Diet is an important aspect of disease manifestation or prevention. The literature review above has 

established the importance of inflammation in the pathophysiology of non-communicable diseases. It 

is also established that certain nutrients in food promote inflammatory diseases through increasing the 

level of certain inflammatory mediators. There are also certain food times that decrease inflammatory 

mediators and also have anti-oxidant and anti-allergic properties thereby providing protection against 

inflammatory diseases such as asthma. Dietary diversity is a proxy for healthy eating as-well as 

nutritional adequacy. A more diverse diet has been thought to provide anti-inflammatory properties 

that are essential in protecting against asthma. Inflammation is therefore an important aspect of many 

non-communicable diseases and it is thus important to study the inflammatory potential of maternal 

diets so as to prevent non-communicable disease in infants and throughout the life of the offspring 

[26]. 
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Appendix 2: Screening form from primary study 
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Appendix 3: Participant information leaflet from original study 
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Appendix 4: Father consent forms from primary IMPALA study 
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Appendix 5: Maternal consent form from primary IMPALA study 
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Appendix 6: Food consumed past 7 days
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Appendix 7: Education history
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Appendix 8: MDD-W Questionnaire 
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Appendix 9: Food frequency questionnaire 
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Appendix 10: Maternal health questionnaire 
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Appendix 11: Infant health questionnaire 
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Appendix 12: Respiratory questionnaire 
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