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ABSTRACT 

Mean regression approach explores the average effect effectively of the change in mean Bi\11, but ma) 

not be able to 1dent1fy ho\\.' extreme values affect Body Mass Index (BMI). Therefore. mean regression 

based methods may not be able to answer how the factors may affect large extreme B>il , alues. The use 

of quantt le regression allowed the impact of the explanatory van able to , ar:)' along the '\\ hole range of 

BMI intake. Reproduction is associated with nutnuonal status because the vanous roles pla)ed b) \\'Omen 

give r1se to serious health problems. While \\.amings about health penalty of excess ,ve1ght (less attenllon 

seems to be given to the consequences of being underweight. The study aims to evaluate the performance 

of parametnc Ordinary Least Square (OLS) and non parametnc regression (quantile function) method to 

detennine factors affecting nutritional status of women of reproductive age in Nigeria. 

A nationally representative sample of ,vomen within reproductive age (15-49 years) ,vithin households 1n 

commun1t1es was obtained from the N1gena Demographic and Health Survey (NDHS 2013) The Body 

Mass Index of women defined as weight/he1ght2 was the outcome vanable ,vlule the explanatory ,anables 

include age, family size, total children ever born, marital status, highest level of education, place of 

residence region, wealth index OLS regression ,vas used to deterrnme the average effect of factors on 

BMI while Quantile Regression was used to determine ho,v a particular quantile of the BJ\.11 distnbut1on 

,vas associated with covariates Analysis ,vas done on ST AT A version 12 \\ bile graphs ,, ere done using R 

version 3.2.0. 

A total of 31, 828 women were included 1n the study The mean age of ,von1en ,vas 29 years (S0=7.0), 

49.2% had no fonnal educahon and 23.5°/o belonged to the poorest ,vealth quintile. It ,vas sho,vn that only 

16% of variation has been predicted by linear regression Results of ordinary least square regression 

analysis sho,v that wo1ncn 's age, nu1nber of children, place ol residence. level of education, son1c regions 

(North East, North West and South Wesl), ,veal th index (p<0.00 I) ,vere found to have effects on 

,vomen 's Body Mass Index. While 111 the I o•h quantile, the effect of children ever bon1, place of residence 

,verc not significant fi'am1ly size did not contnbutc significantly to the Bl'v1I effect produced 

Quantile regression ,vas able to detect the amount of under estimation and over estimation produced by 

the Ordmary Least Square regression of BMI values. The magnitude of the changes differed 

depending on the locat1on of t)1e woman tn the BMI distnbution 

Key ,,ords Body Mass Index, Linear regression, Quanlllc regression, Underweight, Ovenveight 

\\ ord Count: 4 I 0 
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CHAPTER O�E 

1.0 INTRODt;CTION 

I.I BACKGROUl\D 

Ordinary Least Square (OLS) Regression model focuses on model1ng the condiuonal mean of a 

response variable without accounting for the full conditional distnbutional properties of the 

response variable. Hence, an OLS regression anal;sis does not give a complete picture of the 

relationship between variables. as it centers on changes at the conditional mean. Linear 

regression is the one of the popular analytic tools used to detect ho\v a continuous dependent 

variable 1s associated with a set of predictors in health and population studies (K.leinbaum et al., 

2007). Linear regression centers on the expectation of a variable }
r conditional on the values of a 

set of variables X. (that is. E(YIX)). vvh.ich can be more or less complex, but it limits sol el) on a 

specific location of the Y (dependent variable) conditional distribution. 

The linear regression approach basically fails to characterize the relationship benveen a 

dependent variable's distribution and predictors, and also, does not anS\\ er the question of ho,v 

changes in predictors have an effect on the shape of a dependent \'anable's distnbutions 

(Koenker, 2005). Linear regression requires the rec;iduals to be normally distributed and 

homoscedast1c (Ho et al., 2006, Adams, 2008) but the normality assumption may perhaps not 

hold especially when a dependent variable has a heavy-tailed d1stribut1on (J-Jao and Naiman, 

2007). Failing to meet these modeling assumptions may result in biased estimates and 

misleading conclusions. Quantile regression \Vas an approach recently developed to deal ,v1th 

these issues. 

Quantile regression (QR) was introduced in 1978 by Koenker and Bassett (Hao and Naiman, 

2007), which models conditional quantiles as functions of predictors. The quantile regression 

model is an extension of the linear-regression inodel. Fifteen years after Koenker and Bassett 

first introduced quantile regression, empirical applications of quantile regression started to 

develop. QR methods have been populanzed among econom1sts and ecologists over the past 

decade. 

Quantile regression 1s one of the stat1sl1cal analyses used in medicine and public healtl1 (Austin 

et al., 2005) ,vhich is capable of identJ fying 1nore effects than the conventional OLS methods. It 
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does not restrict attention to the conditional mean. pe1111its estimation of the \Vhole conditional 

distribution of a response variable. and approximates quantile exact effects \\ h1ch e,plrun the 

impact of the covariates not only on the middle but also on the extremes of the distribution of 

the outcome variables (Mohamad et al .. 2009). QR also broadens this approach b: stud)ing the 

conditional distribution of dependent variable(Y) on independent ,•ariable(X) at different 

locations and thus offering a global vie\v on the interrelations ben,-een Y and X and also 

describes the relationship at different positions in the conditional distribution of dependent 

variable. For instance, in the analysis of the correlates of nutritional status, quantile regression 

evaluates and provides a complete view of change 1n nutritional status \Vlth factors \vhen the 

distribution 1s not normal (Shankar, 20 I 0). 

In quantile regression, a real valued random variable Y of the distnbut1on function 

F(y) = Pr (YSy) can be defined as Q ('r) =inf {y: F()') 2:-r}. The median is a special quantlle, one 

t11at descnbes the central location of a distribution. Conditional median regression 1s a special 

case of quantile regression in which the conditional 0.5th quantile is modeled as a function of 

covariates. Non central positions of the dependent variable can be described by other quantiles. 

The "quantile" concept takes a broad view of specific terms hke quartile, qu1nt1le, decile, and 

percentile (Hao and Naiman, 2007). QR partitions the \Vl1ole d1stnbulton into quantiles and 

estimates the conditional quantiles as functions of e,planator)' ,·ariables Equal-sized 

partitioning of a distribution are called quantiles For example, quintile part1t1ons the data into 

five equally-sized groups. 

Tl1e Quantile Regression Model (QRM) and Linear Regression Model (LRM) are similar 1n 

certain aspects, as both models deal ,v1th a continuous response variable that is linear in 

unknown para1ncters, but they n1odel di ffcrent quantities and rely on different assu1npt1ons 

about error terms. I -Io\vever, li1n1ting attention to Lhe mean and standard dcvial1on alone leads us 

to ignore other important properties that offer n1ore insight into the distribution. In addition, one 

may be interested 1n other position parameter instead of the n,ean (Cizek, 2011 ). Tl1us, quantile 

regression 1s more preferable in such situations. 

The advantages of quantile regression over trad1t1onal approaches (OLS) are: flexibility in 

dealing with non-normally distributed errors, robustness against outliers, and ability to detect 

heterogeneity (Koenker 2005). Quantile regression has this capab1hty to analyse tl1c \vholc 
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Gannoun et al, 2003; Hao and Naiman, 2007). OLS alone could not help since the effect of 

skewness can be assessed only through the evaluation of different quantiles. By focusing on the 

mean as a measure of central location, information about the tails of the distribution is lost 

(Montenegro, 2001 ). 

Nutrition is the intake of food, considered in relation to the body's dietary needs. Good quality 

nutrition is a basis of good health which is an adequate, well balanced diet. Poor nutrition can 

lead to reduced immunity, increased susceptibility to disease, impaired physical and mental 

development, and less productivity (WHO, 2013). 

Nutritional status of \V01nen is essential for the health of women and their ability to per[ orm 

work as \Vell as the wellbeing of tl1eir children. 1 -Iowever, poor nutritional status in a woman 

signifies a low Body Mass Index (BMI), short l>tature, anac1nia, a greater risk of obstructed 

labour and having a lo\v birth \veight baby (NDIIS, 2013). About 30% of all women of 

reproductive age are presumed to have anaemia whereby the highest proportion is from the 

Afncan \VOtnen-48°k> to 57o/o (De Benoist et al., 2009). Anaemia increases the risk of 

haemorrhage and sepsis during childbirth. Women are most vulnerable to anaemia due to 

deficient iron 1n tl1eir diets, menstrual blood loss and periods of speedy growth (WHO, 2013). 

One 1n every three Nigerian \Voman suffers from iron deficiency, 49% of women of 

reproductive age have anaemia, 24.3% have low iron levels, while 12.7% are iron deficient 

0,Jutrit1on Society of Nigeria, 2015). 

Reproduction is a<:.soc1ated \vith nutritional status, whereby inhibitors in tl1e hind brain suppress 

O\'Ulation \vith \Ve1ght loss (ESHRE Capri Workshop Group, 2006). Reproduction has been 

identified a., a possible cause of under-nutr1t1on among women 1n developing societies knov:n 

as ··maternal depletion" (\V1nkvist et al.. 1998) 

Nutritional status of v.-omen is meac;ured by medical and social history, diet history and intake 

clinical e�amination. anthropometrics and biochemical data. Anthropometr1c methods are 

assessed by Body �1ac;s lndex(cvaluation of body \veight independent of height), Frame 

S1ze<determ1ned using \\'fist circumference and elbow breadth), Skin Fold Thickness(cstimatcs 

ubeutaneous f.al tore,; to e1it1mate total body fat), Body Circumferences and 1\rens(c.c;t1n,ntcs 

t.eJeu.J rnuscle ma s-m1d ann or upper arm circumference(M,\C). N1id 1\rm �1u-.clc or \rn,

, u e c1rcu1nfercnccfMAf\.fC), Total Upper Arm Arca. Upper ;\m, �1U!.clc t\lo , nn<I Up1 r UNIV
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I 

I 

Arm Fat Area, Bioelectrical Impedance Analysis(BIA measures electrical conductivity through 

water in difference body compartments) and Dual-Energy X-ray Absorptiometry(DEXA 

meast1res whole body scan wilh x-rays of different intensity). 

BMI is an attractive index for measuring \.vomen' s undemutrition ru1d overnutrition because it is 

an indicator of body composition. A wo1nan, by her structure has reduced mass and 1nore fat 
" 

mass. At her cl1ild bearing age, she tends to build up more fat due to child-birth. BMI is related 

to body fat 1nass, fat-free mass and fat proportion which n1akes it a valid indicator for women 
• 

because ,von,cn have a larger proportion of fat than n,en (Wl-10, 1998). Low BM I values 

indicate reduced fat and fat free n1ass \Vhilc the upper end of the BMl distribution signifies that 

the body fat mass is strong ,vhich 111akes BMI a suitable index for n1casuring obesity. 

The nutr1t1onal and l1ealth status of ,vomcn is of great conccn1 in the moden1 world, because the 

various roles played by \V0111en give rise to serious health problen1s. The situation is even worse 

1n cot1ntrie.s ,vhere societal norms a11d sex discrimination have forcefully subjected \VO men to 

satisfy the health and nutritional needs of their families at their own expense. 

Hunger and malnutrition are devastating problems, mainly for the poor and unprivileged. 

\Vomen in the reproductive age group and children are most vulnerable to malnutrition due to 

lO\\' dietary intakes, 1nequ1table sharing of food within the household, improper food storage 

and preparation, d1etar)' taboos, infectious diseases, and care. Mostly for women, the high 

nutnt1onal costs of pregnancy and lactation also contribute significantly to their poor nutritional 

status. 

Sc-me e\·idence in de\·eloping countnes show that malnourished ind1v1duals, that is, women with 

a bod)· m�s ·ndex (BMI) below 18 5, show an advancement 1n mortality rates as well as 

increased nsk of illness (Rot1mi. 1999). For social and biological reasons, women of the 

reproductive age are among the most vulnerable to malnutrition (Ene-Obong et al., 200 l ). 

Increased perinataJ and neonatal monality, a higher rtsk of low birth weight babies stillbirths. 

and mt�agc are some of the consequences of malnutrition in \vomen. Women belo\v 1.45 

mete.rs 1n height are considered too short or stunted (NDl-1S, 2013). Unfortunately. proble111 of 

under a r,,,,cJI as 01-er-nutrition prevail in female populations ,vorldwidc (\\'inkvi,t. 2003). 

O�tl: 1 a gJobcSI health problem and the rate of increase is high (Kumnnyikn ct nl . 2 '2)

1 1 ,, of tfJe top of ten health r1�ks 1n the world. 1\ report sho,,cd thnt n1orr. tltnn UNIV
ERSITY O
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• 

one billion people are overweight worldwide, \vhereby 250 million are estimaled to be clinically 

obese (WHO, 1998). A study carried out in Rivers state, Nigeria reporled a prevalence of 

obesity as 16.3% (Siminnialayi et al., 2008). 

At the same time, in some parts of tl1e world, increasing prevalence of obesity (BMI >=30) have 

been documented especially among \VOmen. For instance, obesity is at slightly three times more 

prevalent among women con1pared to 1nen in several African nations (WHO, 2000). 

Various factors such as eating habit, educational background, socioeconomic status (Dressler 

and Smith, 2013; Ball and Crawford, 2005), working condition and cultural features of 

indi,1iduals are observed to l1ave an effect on etiology of obesity. Under-nutrition is a menace 

for low productivity, poor health and mortality (Benson and Shekar, 2006). Moreover, under­

nutrition among ,vo1nen leads to poor reproductive health outcomes (Mora and Nestel, 2000). 

Finally, health professionals have ,vamed about the adverse health outcomes of overweight and 

obesity (Tikimoto et al., 2004). Wl1ile \vam1ngs about health penalty of excess weight (Berg, 

1995; Must et al., 1999), less attention seems to be given to the consequences of being 

undenve1gl1t (Che, 2002; Pa,vl1nska-Chmara, et al., 2007). 

1.2 PROBLE�I STATE�1ENT 

Both undenveight and obesity are forms of under-nutrition and over-nutrition; they both have 

greater health consequences. Fe\v studies carried out have focused on under-nutr1t1on 

( rvtokhtar et al.. 2001 ). Ho\ve\-er, with respect to human development, both under-nutr1t1on and 

over-nutrition demand as high degree of main concern as they signify the lack of food security 

and also obesit)' ,,·hich 1nd1cates over consumption of food (Letamo and Navaneetham, 2014). 

Under-nutrition and poor health from preventable causes greatly have an effect on the 

"'ell-being of millions of people in the developing countries (Ktday et al., 2013). One of the 

goals of the National Plan of Action on Food and Nutr1tion 1n Nigeria to address the food and 

nutrition problems in the counlf)' is to reduce under-nutrition especially among \vomen and 

cl1ildren by 30� by 20 JO (NPAN. 2005) \Vhich has not been accomplished, In recent years. the 

pre,-aJei1ce of o� crwcight and obesity has increased obviously in \.\'omen (fv1okhtar ct al., 200 l) 

f-e3r of bemg fnt may bring unneccs,c;ary attempts to reduce body \veight producing th1nncs, thnt UNIV
ERSITY O
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in some cases is associated with nutritional deficiencies, irregular menstruation, and eating 

disorders. 

Previous studies suggest that underweight in women of childbearing age is an aetiology for 

adverse pregnancy outcomes and intrauterine growth retardation or low-birth weight inf ants 

(Nandi, 2000). Low BMI can be a sign of Chronic Energy Deficiency (CED) and lack of 

adequate weight gain during pregnancy can lead to low birth weight babies leading to adverse 

health imp! ications (Singl1, 2011 ). Women witJ1 CED have increased morbidity while other 

studies have linked low BMI to decreased \vork capacity (Dharmalingam et al., 2005). Also 

among i11dividuals who are HIV-positive, those who have lower BMI n,ay progress to AIDS 

more quickly (Nube ct al., 2003). 

Obesity is a critical public health problem for \V01nen of reproductive age. Obesity was formerly 

considered ac:; a problem linked to nfCTt1ence but no\v the trend is increasing fast in 1nany 

developing countries and even in the poor neighborhoods of the developed countries in tJ1e 

,vorld. \Von1en \vho are obese and ovenveight are at high risks of adverse health outcomes like 

cardiovascular disease, diabetes. kidney disease and cancers related to obesity (Flegal et al., 

2007). 

The techniques of parameter estLrnation have led to several problems in the realm of regression 

analysis such as underestimation and overestimation of parameters and some are imprecise 

(Green et al. 1994) These differences in the distribution make the use of quantile regression 

more compelling than OLS. ,,h1ch has ilie shortcoming of assuming the same effects across the 

entire dic;tnbution. Previous studies on nutritional status have either used an Ordinary Least 

Squares (OLS) frame,vork or have focused on specific groups (Kamal et al., 2005). 

Linear regre,sion requires the residuals to be normally distributed and homoscedast1c 

(Ho et al .• 2006: Adams, 2008) but the normality assumption may not hold particularly when a 

dependent ,·anable has a heavy-tailed distribution (Hao and Naiman, 2007). Failure to meet 

the,;e modeling assumptions may result in biased estimates and confusing conclusion"-. To 

address ther;e I ues. quantile regression method has been developed. 

10 1 r�che done on the nutritional status of \vomcn have emphasized on n1enn rcgrc,,ion 

\'>tf11ch I l1m1tcd 1n 115 ab1l1ty to cnpture cross-distribtttion variations in effects. 
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1.3 JUSTIFICATION 

Women of child-bearing age have certain nutritional requirements above those of adult males. 

The loss of blood during menstruation results in a regular deficiency of iron and other nutrients 

and makes women more vulnerable than men to anaemia. However, in 1nany developing 

countries, women work 1nuch harder than men. In rural areas, they are often heavily involved in 

agriculture, and in urban areas they may work long hours in factories and elsewhere, yet when 

they return home from the field or the factory they still have much work to do i11 the household, 

including food preparation and child care. Often, the heavy burden of collecting water and fuel 

falls on won1en. All of this labour increases \V01nen's needs for nutritional energy and other 

nutrients. 

The nutritional status of women before, during and after pregnancy contributes a good deal to 

tl1eir O\vn general \vell-being, but also to that of tl1eir children and other members of the family. 

The field of n1atemal nutrition focuses attention on females as mothers. It has often 

concentrated on their nutritional status mainly as it 1s related to the well-being of the infants that 

the) produce and their ability to breastfeed and nurture. The healtll and well-being of th"e mother 

herself has been neglected In the same \vay, the field of maternal and child health has placed 

maJor importance on prov1d1ng services and help to women mainly so tllat they can have 

successful pregnancies and lactations; tllis is also in the interests of the infant. The dual role of 

,,·omen as mothers and productive \VOrkers 1s compromised by poor diets and ill health; not only 

their o,vn ,vell-bemg but that of the whole family is affected. A heavy work load may push a 

,,·oman ,vith marginal food intake over ilie brink and into a state of malnutrition . .... 

Researchers have encouraged healthy weight status among women of reproductive age 

(FlegaJ et al., 2010: Ashton et al. 2009) but little i') known about the determinants of the 

progre�sion from normal "veight status to undef\ve1ght and normal \veight status to both 

overv.·eie.ht and obesity in Nigeria. 
-

A researcher v..-ould be unable to assess the differences that occur in the relationship bet\vecn the 

de-pendent and explanatory variables without performing quantile regression at 
_

different 

-quaru1Jes Linear regression is widely used to assess the associated factors of the nutritionnl 

mtu\ of v.omen of reproductive age in Nigeria. but in most cases of interest. the bion,ctncnl 

me �me11 like IJ�Jr arc not nonnally d1stributcd(Ouynng, 2015: Shnnknr. 2010), o 
• 
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parametric model such as linear regression that needs normality assumption are not informative 

enough (Mohamad et aJ, 2009). Therefore a non- parametric approach (QR) was also used. 

Some analyses on nutritional status of women have used mean regression yet modeling using 

quantile regression is more appropriate than using mean regression in that the former provides 

flexibility to analyze the determinants of nutritional status corresponding to quantiles of interest 

\Vl1ereas the latter allo\vs only analyzing the determinants of n1ean nutritional status. 

But I go beyo11d tl1e previous studies and indeed n1uch of the previous regression based 

literature on tl1e determinants of nutritional status of wo1nen by specifying and estimating a 

richer type of regression model that overcon1cs the limited scope of linear regression typically 

used. This quantile regression (QR) approach allo\vc; the effects of the covariates on BMI to 

vary across the conditional distribution of BMI ranging from the relatively underweight to the 

relatively obese. 

1.4 OBJECTIVES 

1.4.1 ivlain Objective: To evaluate the performance of parametric (OLS) and non parametric 

regres,;;ion '(qt1ant1le function) method to determine factors affecting nutritional status of women 

of reproductive age in Nigeria. 

1.4.2 Specific Objectives 

The specific objecti"es of this study are to: 

i. Compare the suitability of OLS and quantile regression models in assessing factors

influencing the nutritional status of women of reproductive age.

ii. Asse,,;; the nutritional status of women of reproductive age 1n Nigeria.

iii. Determine factors influencing the nutritional status of women of reproductive age in

Nigeria.

JV. Examine different directions of the effects of nutritional status on different quintiles of 

the d1stribut1on. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Anthropometric Measurements 

There are mainly two ways to measure tJ1e incidence of malnutrition a1nong vulnerable groups 

of the society. (i) Calorie/nutrition intake (ii) AI1thropometric (Svedberg, 2001). For many years 

it has been agreed that anthropometric approach is a better 111easurement than calorie approach. 

This study focuses on anLhropometric approach which is considered as more consistent 
• 

measurement over calorie intake approach. Nutritionists argue that U1e energy intake is a poor 

measure of evaluating nutritional status, which depends not only on the nutrient intake but also 

on non-nutrient food attributes, privately. and publicly provided inputs and health status 

(Svedberg, 2001 ). It 1s recon1mended that Ll1e est11nation of maJnutrition should be based on 

outcome measures rather than input 111easures. 

The suggested outcome measure 1s the anthropometric measure. Outco1ne indicators are more 

close!) related to health and functional capacity. One essential indicator of measuring under 

nutrition is the BlvII (Jiten et al., 2012). It \Vas reported by Siminnialayi et al., 2008 that Body 

i\lass Index (BMI) 1s the most commonly marker used to assess body-weight and it is also 

h1ghl) correlated '\Vlth body fat. The medical hazard of being obese is related with body fat 

distnbut1on. therefore. abdominal fat is considered as important a medical risk as the overall fat 

in the body (Finer. 2003). thus. the Body Mass Index (BMI) serves as a platform for assessing 

obese. ovens.·eight and also underweight \.VOmen. Igiri et al., 2009, in a study conducted in Cross 

River S ate. Nigeria. used BMI to ascertain the health status of young adults 1n the Calabar 
• 

metropolis and concluded that they had a normal health status 

BJ\11 as an indicator offers a direct measure of undenveight and ovenveight. it also act.;; as a 

proxy for mortalit)' risk and fat mac;s and has an improved overall performance than any other 

\\ eight talure index (Flegal et al., 20 I 0). 

Among lhe outcome measures, anthropometric measures are considered to have an ad, a11tagc 

o, er olh.es 1nd1cator; 1nce body measurements are sensitive to even minor le, els of 

.rnaJ uu111on lnfomw11on about nutrition is often collected \Vitl1 the clcnr a1rn of sclc ting 

peop' for � .. cd 1ntcnen11,,n ·111cn 1l needs to know \Vho 1s l1ndcmour1�hcd nnd ,, ho I not. 
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and standardized dietary intake norms cannot be used to detect under-nutrition in individuals. 

For this purpose, anthropometric and related methods have to be applied. Nevert11eless, several 

development economists and conten1porary nutritionists (Svedberg, 2000) have shown that 

anthropometric measures provide more reliable and useful indications of nutritional status than 

do dietary intake measurements. 

The ft1ndamental advantages of the anthropo1netric approach are sin1plicity and accuracy. Based 

on the above arguments, the anthropometric approach is pref erred to calorie intake approach 

because it reveals the past nutritional status in terms of Body Mass lndex. In general, it is 

agreed that antl1ropon1etric technique off crs more consistent estin,atcs. 

2.2 l\llorbidity and l\llortality Due to l\llal11ulrition 

Malnutrition is an important public health problem and a threat to proper living which can be in 

two forms-tinder nutrition and over nutrition. Underweight, obesity and even overweight are 

considered as unhealthy and abnon11al status which can be traced to several mortalities and 

morbidities (Flegal et al., 2007). A local Nigerian newspaper described obesity as "a new killer 

in to,vn" ,vh1ch also joins the ranks of HIV /AIDS and malaria; this was reported by Ogundipe 

and Obinna. 2010 

Ezzat1 et al., 2002 e, aluated diverse causes of mortality and morbidity which revealed that 

maln4trit1on is the single leading cause of ill health worldwide. The poor are exposed to greater 

nsk of health problem ,vhich leads to a heightened risk of disease (WHO, 2013). Agetta, 2010 

reported that malnutntion increases the risk of death. Poor nutritional status of women of 

reproductive age is linked to ,vomen's susceptibility to ill health. Nutritional status of women is 

targeted b)' the millennium development goal 5 to reduce maternal mortality by three-quarters 

b)' 2015 Akpa and ;...Jato. 2008 in their study revealed that those underweight do not have 

enough nutritional reserve to carry them through during illness which makes them have a higher 

ri,l� of mortality. Therefore. females in their reproductive ages are more vulnerable to 

communicable diseases. In developing countries. maternal monality rate is about a hundred fold 

higher 
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2.3 Factors Affecting the Nutritional Status of Women 

Understanding the factors that affect women's nutritional status is important. The factors are: 

2.3.1 Wealth Index 

According to Islam et al., 2004, malnutrition is a common trait among low income rural women. 

Malnutrition rates are higher among rural households who rely 1nore on agriculture than on 

other sectors for their livelihoods. The results sl1ow that generally, across rural and urban areas, 

household economic status is positively associated with women nutrition, though the effect is 

lin1ited. Its impact is found in n1ral North East and the Southern region (Ajieroh, 201Q), and in 

urban areas of the North East and North West. Although relatively weak in effect, the 

con�istency and \Vide reach of the effect of household ccono1111c status indicates its relative 

importance to maternal nuu·it1on. 

Letamo and Navaneetham, 2014 1n their study revealed that women who were in the poorest 

household \Vere more likely to be unden1ourished compared with those who were in the richest 

class. Adedoyin et al., 2005 reported that lo\v socio economic status is responsible for 

ovenveight and obesity in that \VOmen have poor food habits. They estimated that of the obese 

"''omen, 15.3% are of lo\v socio economic status while 3.75% are of high socio economic status. 

2.3.1.1 \\'omen's Employment and Control over Income 

Emplo}ment status is also a factor that affects body \veights of women. The more earnings 

\\'omen control, the better their wellbeing and nutrition (Ene-Obong et al., 2001 ). In a study 

conducted, it \\as found that employed women had a significantly lower body mass index and 

healthier eating habits compared to those employed (Arslan and Ceviz, 2007). It is also known 

that obesity possibility 1s higher for women \v1th sedentary occupation (Mummery et al., 2005) 

2.3.2 Educational Le,·el 

Educat1on 1s related to illiteracy and lack of access to information. It was shown in some studies 

that educ.ational backgrounds of women affect their habits positively (Sharma et al.. 2008; 

Carlsson el al .• 2013). Also. 1t is plainly seen in this study that BMI of individuals considerably 

� � 1th increase an women's level of education. It can be said that education influences 

the health w1d nutn11onal talus of rural women 1n Nigeria (Enc-Obong ct al .. 200 I) 
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Low BMI was more prevalent among adults with no education compared to those with higher 

levels of educational attainment. Women who had no education were 1nore likely to be 

underweight compared with those who had post secondary education (Letamo and 

Navaneetham, 2014). It was also reported by Adedoyin et al., 2005 that women with low level 

of education have poor eating habits, believing that quantity is better than quality. 

2.3.3 Place of Residence 

Prior studies in developing countries suggest that \VOmen living in urban areas are 1nore likely 

to be over\veight and obese U1an tl1ose in rural areas (Popkin, 2001 ). UU1man, 2009 revealed in 

his research work conducted in Nigeria that women \Vho live in urban areas are at risk of being 

obese. Adult popt1lation living in 1ural areas portrayed a high prevalence of low BMI tnan those 

residing in urban areas (Letamo and Navaneethnm, 2014). 

2.3.4 Age of Won1e11 

Chinedu and En11l0Ju, 2014 demonstrated U1at persons aged 20-35 are generally at the peak of 

their strength. The b1ologicnl functions of the body are not subject to weakening. A research 

carried out by Teller and Yin1ar, 2000 showed that women aged 15-19 years and women aged 

45--49 years are mostly affected by under-nutrition. Letamo and Navaneetham, 2014 also 

demonstrated that younger ,vomen age 20-24 years were more likely to be undef\veight 

compared to older women. He concluded that young age was associated with low BMI. 

In India. ,vomen in the age group 15-19 years and 20-24 years are 3.1 and 1.7 times respectively 

more prone to suffer from under-nutrition compared to women 1n the age group 35-49 (J 1ten, 

2012). Another study conducted showed tl1at women's nutritional status has significant 

as ociation on age of ,vomen (Kiday et al., 2013). 

�laritaJ Status of \\,"omen

BaJJ and Crav.ford. 2005 demonstrated that marriage, divorce or loss of spouse ,vhich change 

lhe societal role«- ha\e an effect on women's body weights. It is found 1n their study that single 

md1-.'1duaJc; have a much lo\ver B:V1J compared to married or ,vido\v individuals (p<0.00 l ). TI1c

propqn1on of women who affinned that their bodyweight increased after marriage ,, as 31.5 P. 

Al�. ai!ro1dmg to the <,tudy earned out by Sabal ct al.. 2003: 1n the ten ycar1, of folio,, -up. 
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• 

weight gain was more usually observed in the women getting married. Low BMI was more 

prevalent among single women (Letamo and Navaneetham. 2014). 

2.3.6 Region 

Studies have shown a high rate of malnutrition in the rural part of Nigeria; 56% reported in a 

rural cotnmunity of Soutl1 West and also in the Nortl1ern part of the country, 86.3% was 

reported in tl1ree rural areas (Okwu el al., 2008; Oluwatayo el al., 2008). At the same time, 

Body Mass Index (BMI) and obesity have increased among wo1nen in most regions (Finucane 

et al., 2011; Stevens et al., 2012). 

2.3. 7 Fa111ily Size 

Agetta, 2010 in her study revealed that households l11at had fewer members were more likely l o  

have good nutritional status. Nutritional status of study pa11icipants according to BMI 

classification had no i;1gnificant association on fa1nily size (K1day ct al., 2013) 

2.3.8 Total Cl1ildren Ever Born 

LO\\ parity \\:Us a,sociated wnh lo,v BMI. Women of high parity were less likely to experience 

lo,,. B�ll (Letaino and Navaneetham, 2014). Kiday et al., 2013 also demonstrated that 

nutnt1onal status of study participants according to BMI classification had no significant 

association on number of pant, (Kiday et al., 2013). In a study conducted 1n Gombe, North East 

Nigena. Yahaya et al .. 2007 found out that a woman with a higher parity has a more difficult 

chance to obtam optimum nutritional requirements. 

2.� Issues on �utritional Status of Women in Sub- Saharan Africa 

Ahmed et aJ .• 2014 found out that the relationsl1ips between nutritional status of mothers and 

factors were not significant. The findings contradict the outcome of a study 1n Ethiopia, Burkina 

Faso, and Republic of Congo which sho,ved that, ,vealth index is one of the most important 

determinants of nutritional status in \vomen (Girma and Genebo. 2002; Adebo\vale ct al.. 2015). 

At the same time, Body lv1ass Index (BMI) and obesity have increased among \\'Omen in most 

regions (Finucane et al .• 2011; Stevens et al .• 2012). Nutritional status of study panicipant, 

aocordJng 10 Bt-.11 clas�1fication had no significant association on matemol educational tntll'-, 

t10 sch.old �, (radio) oY.-ncr hip, family $i7,e, maternal age, number of mculs J)Cr dn,. n,111ll er 

.of p , ( nn on11n I owner htp ond re 1dcncc of tJ1c lnc1nt1ng r11otl1c1s (K1d11) cl nl, 2lll ,) 
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This was in contrary to the study conducted on women's 11utntional status wl1ich l1ad significant 

association on n1arital status, household assets, age of women and maternal education (Ki day et 

al., 20 I 3). 

2.5 Robustness in Linear and Quantile Regression Analysis 

Robustness refers to insensitivity to outliers and the violation of model assumptions concerning 

the dependent variable. The Linear Regression Model (LRM) estimates can be sensitive to 

outliers \vhile Quantile Regression Model (QRM) esti1nates are not sensitive to outliers 

(L111gx1n, 2007). Robustness is studying pheno1nena of highly skewed d1stnbutions e.g. health 

outcomes like obesity. Robustness in linear and quantile regression models for both categorical 

and continuous dependent variables has been studied by several authors (Zru11an et al., 200 I). 

The coefficients for the median and other quantiles remain the same even when an extre1ne 

value is added to tl1e data (Onyed1kachi, 2015) 

2.6 En1pirical 1-\pplicatio11s of Quantile Regression 

Quantile regression has been applied to a broad range of studies. Quantile regression also spread 

to medicine and public health (Austin et al., 2005). Alexander et al., 2011 demonstrated that 

stud)1tng the coefficients and their uncertainty for different percentiles generates new insights, 

especially for non-normally distnbuted data. A small number of recent applications to 

explaining vanations 1n BMJ (Beyerlein et al., 2008; Terry et al., 2007; Sturm et al., 2005) have 

demonstrated the \'alue added by QR methods in this setting. Abreveya, 2002 1n his study 

··Demographics impact on infant birth \ve1ght" showed that t11e quantile regression estimates

signif)• that se\•eral factors have higher impact at lo\ver quantiles while IO\Ver impact at higher 

quantiles. 

The vast maJority of applications of quantile regression in the field of health have focused on 

gcograph1cally defined contexts such as countnes (Shankar, 20 l 0). states, and neighborhood 

(Hill ct al.. 20) 4; Hoc;s and Fischbcck, 2014, Ramokolo ct al., 2015) 

Eriip1ncal researchers took advantage of quantile regression's ability to examine the impact of 

predictor \"anables on the response distribution. T\vo of the earliest cn1pincal paper.- b) 

ec.onorru t (Hao and a1man, 2007) provided practical examples of ho,,· to npply qunnt,lc 

reyc,; 10n tJ) the tudy of \vagcs Quantile regression nllo,vcd thc1n to cxnn11nc tl\c entire 
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conditional distribution of wages and determine if the returns to schooling, and experience and 

the effects of union membership differed across wage quantiles. The use of quantile regression 

to analyze wages increased and expanded to address additional topics st1cl1 as changes in wage 

distribution (Machado and Mata, 2005; Melly, 2005). \vage distributions within specific 

industries (Budd and McCall, 2001), and educational attainment and wage inequality (Lernicux, 

2006). 

The use of quantile regression also expanded to address the quality of schooling (Bedi and 

Edwards, 2002; Eide et al. 2002) which showed a strong positive eff cct on the labor earnings 

distribution \.Vith the strongest impact occu1Ting at the lower quartile. Quantile regression also 

spread to other fields, notably sociology, ecology and env1ronmcntal sciences. 

• 

• 

• 

• 
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2.7 Determinants of Nutritional Status of Women of Reproductive Age 

Socioeconon1ic Factors 

•Wealth index

•Place of residence

• Education auainn1ent

•Region of residence

•Monthlv incon1e

Environn1ental Factors 

1--------.i •Source of water 

• Kind of latrine

• I-louse structure

Nutritional status 

Dcn1ographic Factors 

Marital Status 

Current Age 
-

�umber of child ever born 

Religion 
. 

BMI 

Behavioral Factors 
•Family size

•Cigarette smoking

• 

Figure 2.1: Conceptual Frnme,vork for Determinants of Nutritional Status of Women of 

Reproducti,e Age 

Some re..,earchers ha\ e examined the determinants of nutritional status of \vomen of 

reproductive age (Nemati and Mogadam, 2008, Agetta, 2010). The customized conceptual 

frame,,ork builds on existing knowledge to analyze the soc10-economic and demographic 

factors as ociated to nutritional statu.c; among reproductive aged \vomen in Nigeria. United 

Nauons (U r1CEF. 2005) and Adebowale et al .. 2014 reported that in countries where nutrition 

tmpro\ements have Jagged behind, economic growth ,vas slo,v and social discrimination against 

common The environmental factors, religion and cigarette smoking \\'Crc not u cd 

,n tJ11 
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2.8 Comparison of Linear and Quantile Regression Methods of Estimation. 

Ouyang et al, 2015 used the lambda-mu-sigma (LMS) 1nethod to describe the changes in the 

BMI distribution of adults. He also investigated the changes in the BMI distribution over lime 

using a separate sex stratified longitudinal quantile regression analysis. 

Asirvatham, 2009 studied the differences between eating habits and BMT. He compared the 

quantile regression results to the OLS results. I-le demonstrated that to fully understand the 

behavior of tl1e relationships across the conditional distribution of the dependent variables: 

energy intake, Healthy Eating Index, and BMI, quantile regression will be n1ore appropriate. 

Beyerlein et al., 2008 in tl1eir research ,vork used different approaches to predict childhood BMI 

,vl1ich ,vere Generalized Linear Models (GLNI), Quantile Regression (QR), and Generalized 

Additive Models for Location, Scale and Shape (GAMLSS). I le compared GLM. GAMLSS and 

QR model� an1ong BMI data to identify the be5t n1ethod for the risk factors of obesity. He found 

out that QR allo,ved for additional interpretation of pre specified distribution quantiles, such as 

quantiles referring to ovenveigl1t or obesity. 

• 
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CHAPTER THREE 

3.0 METHODOLOGY 

3.1 Study Area 

Nigeria is one of the Sub-Saharan African countries located in Lhe Wesl African region which 

came into exislence as a nation in 1914 through the an1algamation of the Northern and Southern 

protectorates. The British established a crown settlement type of goverrunenl after the 

amalgamation. The dealings of tl1e colonial adminisu·ation were carried out by the British until 

1942, when a fe\v Nigerians became involved. 1I1 the early 1950s, Nigeria achieved partial self 

government with a parliament in \vhich the ma.iority of the n1embers were elected into an 

executive council of \vhicl1 most were Nigerians. Nigerians beca1ne fully independent in 

October 1960 as an alliance of three regions (Northe111, Weslcrn, and Eastern) under a 

constitution that provided for a parlia1nentary syste1n of governance. 

Nigeria is in the \Vest African sub region, lying beLween latitudes 4°16' and 13°53' north and 

longitudes 2°40 and 14°4 l east. It 1s surrounded by Niger in the North, Chad in the North east, 

Cameroon in the East. and Benin in the west. To the South, Nigeria is bordered by 

approximately 850 kilometres of the Atlantic Ocean, stretching from Badagry in the West to the 

Rio del Rey 1n the East It covers a total area of 923,768 kilometer square and it is the 14111

largest country 1n Africa and the world's 32
nd largest country. Nigeria comprises of 36 states 

and a Federal Capital Temtory(FCT), these states are grouped into six geopolitical zones; North 

Central. North East. North West, South East, South-South And South West. There are 774 local 

20,•emment areas in the country. According to the 2006 National Census estimate, the 
-

population of the country was 140,431,790 with an annual gro,vth rate of 3 .2 percent. Nigeria is 

the most populous country 1n Africa; it has an estJmate of 374 etl1nic groups. The maJor ethnic 

groups are Hausa/Fulani Yoruba and Jgbo which account for 68 percent, Edo, lJaw, Ibibio, 

Kanuri. Ebira. Nupe And Tiv make up 27%, other minority ethnic groups make up Scyo. 
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3.2 Study Design 

Data \Vas obtained from the Nigeria Demographic and Health Survey (NDJ-IS 2013) and 

secondary data analysis was conducted to answer the study objectives. Tl1e survey made ttse of 

a cross-sectional population based study design. T11is study explores the factors affecting 

nt1tritional status of wo1nen of reproductive age. 

3.3 Study Population 

Tl1e population for the 2013 Nigeria De1nographic and I-iealth Survey \Vas drawn fro1n females 

aged 15-49 years and 1nales aged 15-59 years in Nigeria. Sa1nples \Vere derived from the target 

population by random selection of households in the country, the selected individuals were 

intervic\ved. For tl1c purpose of the stt1dy, \VOmen within the reproductive age (15-49ycars) in 

Nigena ,vere the target population. The study population was obtained as subsamples from the 

samples of \vo1ncn intcn1ie\vcd 111 the survey of the year 2013. 

3.4 Inclusion Criteria 

Reproductive aged ,,·0111en bet\veen 15-49 years. 

3.5 Exclusion Criteria 

1. \Vomcn \Vl10 arc pregnant.

2 \\'omen ,vho had given birth in tl1e t\vo months preceding the survey will be excluded 

from the analysis 

3.6 Sampling Frame and Technique 

NDHS 2013 ts a nationally representative sample. The 36 states 1n Nigena and the Federal 

Capital TemtOf)' ,,·ere divided into Local Government Areas (LGA) and each LGA \Vas further 

di,ided into smaller localities. The 36 states ,vere regrouped by geopol1t1cal loca!tty into s1x 

zones and using the 2006 population censuc; 1mplementation, each loca!tty \Vas subdi" 1dcd 1nto 

Enumeration Areas (EAs). A complete !1st of the EAs served as the sample frrunc for the 

suncy. The sampling technique for the 2013 NDHS \Vas a stratified sample selected at random 

1n three tages frpm the sampling frame. The first stage; each state \vas stratified 1nto urbnn nnd 

ruraJ areas. this resulted tn a list of locnlit1es. Second stage; one enumeration nrca ,va" selected 

t r dom from a selected locality \Yllh equal probabi!tty of selection. the rcs\1lt1ng 11 t of 

f u �Id :;.crved a mphng frame for the sclect1on of households 1n tile tl11rd singe The tl1,rd 
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stage; fixed number of 45 households were selected in even· urban and rural cluster throueh 
- � 

probability systematic sampling using the household listing. 

3.7 Sample Size 

A representative sample of 40,320 households v.as selected for the :t\'DHS 2013 sun.·ey. Of the 

households occupied, 38.522 were successfully 1ntervtewed of \\'h1ch 39.902 \\Omen aged 

15-49 years and l 8922 males aged 1 5-49 years ,vere eligible for inten·ie,v howe,er 38,948 

females and 17,359 males ,vere successfully interviewed. For this study, a sample size of 31,482 

women within the reproductive age of 15-49 years ,vas used but after the sample ,veighting, 1t 

increased to 31,828. 

3.8 Study Variables 

The following variables \Vere used in the study; 

3.8.l Dependent Variable 

T11e Body Mass Index (BMI) of women ,vhtch is a continuous variable \Vas specified as tl1e 

dependent variable. The nutnt1onal status of ,vomen ,vas assessed by antl1ropometric method­

weight and height, using the Body Mass Index (BMI), \Vh1ch 1s defined as a,, oman's ,veight 1n 

kilograms divided by the square of her height in meters (kg/m2
). Undenveight, o,,enveigl1t and 

obesity were defined using the WHO BMI classification as follo,vs: 

underweigl1t = < 18.5 kg/m2
, normal = > l 8.5-24.9kg,m2

, ovenve1ght = >25-29.9 kg/1n2 and 

obese = > 30kg/m2 (WHO, 2000). 

3.8.2 Independent Variables 

The choice of the explanatory variables ,vas based on literature of factors influencing ,von1en 

nutritional status of reproductive age (Yan et al, 2008, Agee, 201 O; 0\ven et al, 20 J 4). It

consists of Current Age, Family Size, Total Children Ever Born, Marital Status, Level of 

Edueal1on, Place of Residence, Region and Wealth Index. The explanatory variables that are 

categorical ,vere dummy coded to examine differences across vanables given in Table 3.1 

belo,v. 
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Table 3.1: Variables Dcfmition 

\'ariablcs Subcategories 

Body Mass Index 

Age 

Family S1ze 

Total Children Ever born 

Marital Status 

I-lighest Level Of Education 

Place of Residence 

Region 

Wealth Index 

15-24 years 

25-34 years 

35-49 years 

<S members 

5-8 members 

>8 members

1-3 cluldren 

4-6 cluldren 

>=7 children 

Married 

Unmamed 

No education 

Pnmary 

Post Primary 

Urban 

Rural 

North Central 

North East 

North West 

South East 

South South 

South West 

Poorest 

Poorer 

Middle 

Ricl1er 

Richest 

21 

Defmitions'Dumm, code 

., 

B�Il 1n k2. m-

= 1 1 f 15-2 4 \'ears. else=O -

=1 if 25-34 }'ears. else=O 

=1 if 35-49 years, else=O 

= 1 if <5 members. else=a 

=1 if 5-8 members, else-O 

=1 if>8 members, else=a 

=l if 1-3 children, else=a 

= I if 4-6 children. else-a 

=I if >=7 children, clse=a 

=l 1f Marn ed. Unmamed=a 

=J if Unmarried, 1v1arried=a 

=l 1fNo Education. else=a 

=1 1f Pnmary, elsc=O 

= I if Post Primary, else=O 

=l if Urban, Rural=O 

=1 1f Rural, Urban=O 

=l if North Central, else=O 

= I If North East, else=O 

=I if North West, else=O 

= 1 1 f South East, else a 

= 1 1 f Sot1th South, else=a 

=1 1f South West, else=O 

= I 1 f poorest, else-a 

= I if poorer, clse=O 

=I 1f middle, elsc=a 

=l if ncher, else-a 

=1 if richest, clsc=O 
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3.9 Data �lanagement and Anal,sis 
• 

SPSS version 20 was used for extraction of rele,·ant data from the �TIHS 2013 dataset and \\as 

also used for data cleaning Descnptive statistics \vere analysed \\.here the ,·ariables 1n classes 

were presented as frequencies (percentages) and continuous data ,,ere presented as mean 

(standard deviation) for normally d1stnbuted data wlule median and range ,vere presented for 

skewed data. 

ST A TA version 12 \Vas used for fitting the t\vo regression models (quantile regression and 

multiple linear regression). For quantile regression, the relationship bet\veen Bod)' Mass Index 

and the explanatory variables were analyzed in specified conditional quintile (first, second. 

third, fourth and fifth) of the outcome variable. As 1s in literature, the selected quintiles are: 0.10 

(the lowest conditional quantile function estimated), 0.25, 0.50 (median), 0. 75 and O 90 (the 

higl1est conditional quantile function estimated (Shankar, 2010; Asirvatham, 2009). Quantile 

regression metl1od was used to examine the effects of covanates at these different points in the 

distribution. Also the graphs were plotted using R Console. Adjusted R-square \Vas employed to 

assess the goodness of fit in linear regression ,vh1le pseudo R2 ,vas used to assess quantile 

regression. T,vo hundred bootstrap rephcat1ons ,, ere performed in the quantile equations to 

compute the standard errors (SE) of the estimates and also to obtain unbiased estimates 

(Asirvatham, 2009). The 95% confidence intervals were dcnved from standard errors generated 

from 200 bootstrap replications 

3.10 Statistical Models, Assumptions and Specifications 

The statistical 1nodels used in the study include the follo\ving: 

3.10.1 Linear Regression 

A linear regression ts a stat1st1cal method used for analyzing dataset ,vitl1 one or more 

independent variable(s) detennin1ng an outcome. The outco1ne vanable is continuous. In this 

study, the linear regression model was fitted; the dependent variable BMI measured in 

,veight/height2 and independent vanables such as age of women, region, residence, e.t.c as 

mentioned earlier. OLS is the typical 1nethod for regular ltnear regression. 

22 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



The linear regression function which is: 

\vhere Y is the value of the response variable, 

Po is the intercept of the model that 1s, the effect of Body Mass Index \vhen all the explanatOI)' 

variables are zero, 

Pr is the slope of the model that 1s the effect of each explanatory vanable on the Bod}' N1ass 

Index. 

Xs are the explanatory variables 1n which the variables in classes once ,vere dummy coded as

"1" to be presence of the class of variable and '·O" as absence of that class. 

£1 1s a random error term that is assumed to normally independent and identically distributed 

with mean (E(ic:1))=0 and variance cr2
. 

The least squares method is a common method in linear regression and it 1s used to find a 

function that best fits a given set of data (Barnes, 2001). The strength of the least square method 

1s that it minimizes the sum of the n squared errors (SSE) of the predicted ,·alues on tl1e fitted 

line (Yi) and the observed value(y). 

3.10.2 Assumptions: 

a. Relationship between independent and dependent vanable 1s linear

b E(E1) 0.

c. Errors are normally distributed i e. e1-N(O,cr2
)

d. Error te1ms:
� ,. Var(e)= cr·, or homoskcdast1c errors.

,.. E(ri:1,CJ.) - 0, or no autocorrelation 

3.10.3 Quantile Regression 

Quantile regression is a statistical technique that provides a more detailed analysis of the 

relat1onsh1p between tl1e dependent variable and its independent variables because 1t provides 

conditional regression coefficients for each quantile QR allows the i1npact of the explanatory 

variable to vary along the whole range of BMl intake ("Quantile" is a general tenninology for 
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what may be referred to as percentile. quintile. decile. quartile. etc .. in specific cases) QR 1s 

also necessary because it identifies the lower and upper extremes of the B�1I distribution ,,·hich 

is related to the underweight and ovenveight part of the population of ,vomen of reproducti, e 

age. QR methodology 1s also necessary because it helps m understanding the relationship 

between variables outside of the mean of the data. 

For a random response variable Y with probability distribution function: 

F(y) = Prob (Y < y), 

The 1:th 
quantile of Y is defined as the inverse function:

Q(1:) = inf {y : F (y) 2:,:} \vhere O <1: < 1. 

Let X = (x 1,-•• ,x0) denote the matrix consisting of n observed vectors of the random ,,ector X,

and Y = (y 1, ... , y 0) denote the n observed responses.

The model for l1near quantile regression in this study is given by: 

where P-r = (P l-r, ... , P
p
-r) is the unknown p-dimens1onal vector of parameters and 

E = (E1. ... , E0) is the n dimensional vector of unkno,vn errors 

(Asst1mption: tl1e ,:
th 

quantile of E
1 
1s zero). 

The P-r is a solution of: 

min0t c RP["'\' -clyi - at - xi,8-rl +
L,e{i:yisat+xiPT} L (1 - -c) lyi -a-c - xi,8-rl] 

ie(i:y1sm+xiPT} 

3.11 Assessing the Goodness of Fit for Linear and Quantile Regression 

R2 also kno,vn as the coefficient of variation 1s a quantitative measure of how ,veil the 

independent variables account for the dependent variable(s) Tl1e R2 indicates l1ow 1nuch a 

dependent variable can be accounted for by having knowledge of the independent variables 

instead of assuming that each one had the mean value on the dependent vanable. 
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After fitting the linear model to the data seL an assessment \\·as made for the adequac) of fiL 

The assessment of goodness of fit for the QR model exploited the general idea leading to the 

typical R2 goodness of fit index in classical re!!fess1on anal, sis (Koenker. 2005) In linear
� 

regression models, the goodness of fit \Vas measured by the adJusted R-squared (the coefficient 

of determination) method: 

A quantity related to R1
, kno\vn as the adJusted R-squared, R2

3 was also used for Judging the 

goodness of fit. 

Pseudo R2 n1easures the relative success of Lhe corresponding quantile regression models at a 

specific quantile in terms of an appropriately weighted sum of absolute residuals. ll1e obtained 

pseudo R2 was considered as an index comparing the residual absolute sum of ,veighted 

differences using the selected model with the residual absolute sun1 of \\.eighted differences 

using a model with only the intercept. TI1e obtained pseudo R2 ranges bet,,een O and I. 

lt is worth noting that the index cannot be considered a measure of the goodness of fit of the 

\.vhole 111odel because it is relaled to a given quantile. ln practice. for each considered quantile. 

Lhe corresponding pseudo R 2 was evaluated al a local le\'el. thereb) indicating ,vhether tl1e 

presence of the covariates innucnces the considered quanttle. The pseudo R2 ,vas be used to

assess the model with the best goodness of fit bet,vccn nested n1odcls. 

3.12 Bootstrap Method for Regression Models 

Bootstrapping is a nonparan1ctric approach Lo stat1st1cal inference that subslitutes con1putation 

for 1norc traditional assumplions and asyn,ptotic results. Bootslrap is the most suitable 

resanipling method in QR analysis (Da'\ ino et al., 2014. (I-le and Ilu, 2002: 

Kocherginsky, 2003; Kocherginsky et al., 2005). 

Bootstrapping offers precise inferences ,vhcn the data are not \.veil behaved Also, it is also 

applied to data with san,pling distributions difficult to derive. Furthern1ore, it is useful for 

complex stratified and clustered san1ples. 

The bootstrap approach can be used to estin1ate standard errors ,:v1thout requiring any 

assun,plion of the error distribution Finally, the capabilities of bootstrap n1ethods arc also 

explored to estimate standard errors in QR. 
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4.0 

CHAPTER FOL"R 

RESULTS 

This study involved analysis of the 2013 NDHS dataset for \VOmen aged 15-49 years. The total 

number of women was 31 482, however sample weights were apphed and the sample size \Vas 

31 828. 

4.1 SOCIO DEMOGRAPHIC CHARACTERISTICS OF RESPONDENTS 

4.1.1 Continuous variables 

Characteristics of the sample were depicted in Table 4.1. The mean BMI for the study sample 

was 23 12kg/m2 (S0=4.36), whereas the 25th percent ile \Vas 19.55 kgtm2
, the median \Vas 

22.36 kg/m2 (IQR=4.63), and the 75th percentile was 23.55 kg/m2
• 

The mean age was 29.36 years (SD=6.97). The family size is the number of members in the 

household had a mean of 7(SD=4) while the median number of family size \Vas 6(IQR=4). The 

mean children ever born i.e the mean number of parity \\as 4 (SD=3) and the median of 

4(IQR'--'4). 

Tnble 4.1: Descriptive statistics of continuous vnrinble 

Variables N l\lcnn 

BMI 31828 23.12 

Age 31828 29.36 

Fan1ily Size 31828 7 01 

Total Children Ever 31828 4.32 

Born 

Body Mass Index· Ske\vness -.J .784, Kurtosis 6 546 

26 

Stnndnrd 

deviation 

4.36 

6.97 

3 56 

2.58 

l\iledinn lntcrqunrtilc 

range 

22.36 4.63 

29 00 I 0.00 

6.00 4.00 

4.00 4.00 
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4.1.2 Distribution of Bod) Mass lnde�

Fig. 4.1 shows the distribution of BMI, from ,vhicb there '"ere some \\'Omen ,,·ho belong to the 

extremely lower parts and extremely higher parts of the d1stnbution. The lo,,·est BMl ,,as

I 1.72 kg/m2
• There ,vas a shift to the right ,vhere the distnbution became ,,rider and a large 

proportion of the samples had a higher BMI There ,vas a little shift m the lo,ver end of the 

distribution. There was proport1onateJy much more shifting of the distribution curve at the upper 

end than the lower end of the distribution. 
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Ske,vncss--1 784, Kurtosis 6 546 

Distribution of Body Mass Index 

�

;),�

"' ..

I I I I 

40 

Bod; Mass Index of Respoooeris 

l•igure 4.J: Bod) l\lnss lnde'\. Distribution of \-\'omen 
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4.1.2 Distribution of Bod} Mass Inde:l

Fig. 4.1 shows the distribution of BMI, from \Vhich there \Vere some \\'Omen ,vho belong to the 

extremely lower parts and extremely higher parts of the distnbution. The lo,\'est B.Ml ,vas 

I l. 72 kg/m2 
- There was a shift to the nght ,vhere the distnbution became \\ider and a large 

proportion of the samples had a higher BMI There '"as a little sluft m the lo,ver end of the 

distribution. There was proportionately much more shifting of the distribution curve at the upper 

end than the lower end of the distribution. 
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Figure 4.1: Bod) I\Inss lnde'\ Distribution of \-\'omen 
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4.1.3 Categorical Variables

The distributions for variables in classes are presented 1n Table 4.2. \1'omen in the age group 

25-34 years constitute the highest proportion (49.9�0). Women v.1th less than fi\'e household

members had a proportion of 40 4%. Women \v1th J-3 children had a proportion of 45 4°,o.

Women who were married had a higher proportion of 95.8°/o compared to unmamed \\Omen.

Women with no formal education had the lughest proportion of 49.2%. Almost nvo-third. 65°,.o

of the women hved tn rural women. The North West geopoht.Ical zone had the highest

proportion of women 37.0%.

The distribution of women tn terms of wealth quintile revealed that the lo\vest \vealth quintile

had the highest percentage of women i.e poorest (23.5%) \vhile the highest \Veal th quintile had

the lowest proportion i.e richest 17 .8%.
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• 

• 

Table 4.2: Descriptive statistics of categoricaJ variables

Variables Frequency Percentage 
Age(years) 

15-24 7834 24.6 
25-34

15867 49 9 
35-49 8128 25.5 

Family Size 

<5 12869 40 4 

5-8 10704 33.6 

>8 8256 25.9 

Total Children Ever Born 

1-3 14461 45.4 
• 4-6 11076 34 8 

>=7 6291 19.8 

Marital Status 

Married 30491 95.8 l 
Unmarried 1337 4.2 

Educational Level 

No Education 15657 49 2 

Primary 6127 19.3 

Post Pri rnary 10044 31.6 

Residence 

Urban 11126 35.0 

Rural 20702 65.0 

Region 

North Central 4340 13.6 

North East 5578 
• 

17.5 

North West 11775 37.0 

South East 2840 8.9 

South South 2935 9.2 

South West 4360 13. 7
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Table 4.2 ( contd): Descriptive statistics of categorical variables
• 

Variables 
Frequency Percentage 

Wealth Index

Poorest 
7496 23.5 

Poorer 
7355 23.1 

Middle 
6001 18.9 

Richer 
5656 17 8 

Richest 5320 16.7 

• 

" 

' 

• 
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4.1.4 Distribution of BMI of Women by Socio Demographic Variables 

The summary distribution of Body Mass Index of women for some socio-den1ograph1c variables 

1s presented 1n Table 4 3. Average BMI 1s lowest for wo1nen in age group 15-24 years 

(21.77±3.42). Women \Vitl1 more than 8 household me1nbers have a mean BMI of (22.81 ±4.28). 

The distribution of BMI of \VOmen in terms of children ever born revealed that those with (4-6 

children) had the highest BMI (23.40±4.07). Women \Vho nre rnarricd have an average BMI of 

(23.11±4.34). Women \v1tl1 the post primary education have a BMI of (24.72±4.85). Women 

that are urban dwellers have higher mean BMI of (24.47±4.89) compared to rural dwellers. 

South South regional \vomen ha\e tl1e highest BMI of (24.70±4.73). The poorest wo1ncn have 

the lO\\CSt BMI out of the wealth qu1nt1lc (21.66±3.64 ). 

• 
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Table 4.3: Summary Statistics of Body Mass Index of ,,·omen b) Socio Demographic 

Variables 

Variables 

Age(years) 

15-24 

25-34 

35-49 

Family Size 

<5 

5-8 

>8

Total Children Ever Born 

1-3 

4-6 

>=7 

Marital Status 

Married 

Unmarried 

Educntional Level 

No Education 

Primary 

Post Primary 

Residence 

Urban 

Rural 

Region 

North Central 

North East 

North West 

South East 

South South 

South West 

i\tleao 

21.77 

23.27 

24.11 

23.12 

23.34 

22.81 

22.83 

23.40 

23.27 

23.11 

23.31 

22.02 

23.27 

24.72 

32 

24 47 

22.39 

23 40 

22.40 

22.14 

24.65 

24 70 

24.31 

SD 

3.42 

4.31 

4.92 

4.27 

4.51 

4.28 

4.07 

4.59 

4.55 

4 34 

4 74 

3.75 

4 13 

4.85 

4.89 

3.86 

4.06 

3.97

3 88 

5 06 

4.73 

4.69 

• 

• 
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Table 4.3 (contd): Summary Statistics of Bod) Mass Index of women by Socio 

Demographic Variables 

Variables l\lean SD 

Wealth Index 

Poorest 21.66 3 64 

Poorer 22.07 3.52 

Middle 22.94 3.84 

Richer 23.94 4.49 

Richest 25.93 5.17 
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4.2 GOOD:i'.'ESS OF FIT/ MODEL FIT

Table 4.4 shO'w'S the estimates of the regression coefficients and their standard errors for the
linear (OLS) regression and for the selected quantiles of the quantile (QR) regression. It also
shows the adjusted R2 for the OLS and the Pseudo R2 for each selected quantile.

R� also known as the coefficient of variation is a quantitative measure of ho\v \vell the 

independent variables account for the dependent variable(s). The R2 mdicates ho\v much a 

dependent variable can be accounted for by  having knowledge of the independent variables 

instead of assuming that each one had the mean value on the dependent variable. Pseudo R2

constitutes a local measure of goodness of fit for a particular quantile. 

An R2 of 0.16 for the OLS regression means that 0.16 or 16% of the variation in the \•alues of 

BMI can be explained on the basis of the variation in the independent variables that is age. 

family size, total children ever born, marital status, place of residence. e.t.c. explain 16% of 

these differences in the BMI. This shows that few of the independent variables have been 

accounted for. 

It can also be seen that the Pseudo R2 increases \vith increasing quantile. A Pseudo R2 of 0.05 

for the lowest quantile implies that just 5% of the variation 1n the values of BMI can be 

explained on the basis of the regression line of the 10
th quantile. The pseudo R2 of O 06 means

6% of the variation in the values of BMI can be explained by the regression line of the 25th

quantile. The pseudo R2 of 0.08 for the median shows that 8% of the variation in the values of

BMI can be explained, i.e the independent variables explain 8o/o of the differences in BMI. The
• 

pseudo R2 of 0.12 for the 75th percentile shows that 12% of the variation in the valt1es of BMI

can be explained, i.e the independent variables explain 1201
0 of the differences 1n BMl. TI

1e
pseudo R 2 of 0_ 15 for the uppermost quantile shows that 15% of the variation in the values of

BMI b 1 . d ·1 e tJle independent variables explain 15% of the differences in BMIcan e exp a1ne , . 

This sho,.vs that the 901h quantile model better predicts the BMI distribution among the

quantiles. 
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l'nf�lt• -';-': f�t·�n�sio11 <.:<k.·Oitil.'111, 1111d �ln11durd l�rror-. of the lJiucur J{cgrcssion und for Selected Quantiles of the Quantile Regression 

,\ lo<f '-'''· 

\"nriuhl,-., 

\�i� (';nlll\> 

l5-24
c

"5 .34_ 

15-49 

1-�un,i\,· Si1l' 

<5c

)-S 

>S

Children 1':vcr IJorn 

l-3c

4-6 

>=7 

�luritul Statue. 

Un m.1rr1cd
c.

�tarried 

Place of Residence 

Urban<

Rural 

Level of Education 

No Education<-

Primary 

Postpr1mary 

t)l ,S ltc�rc-.�ion 

IS (SI�) 

0.87(0.06) 

1.72(0.09) 

0 01(0.06) 

O.l l(0.07) 

0.48(0 06) 

0 51(0.09) 

0 16(0 l I) 

-0.22(0.06)

0.42(0.07) 

0.96(0.08) 

Quuntilc llcgrcssion 

10th Quuntilc 25
111 Quantile 

ll (SE) p (SE) 
- - - -

0 39(0.08) 0.59(0.06) 

0.64(0.10) I 09(0.10) 

0 16(0.07) 0.11(0.06)

0.03(0.08) -0.03(0.07)

0.09(0.09) 0.19(0.07) 

0.17(0.11) 0.2 L(0.09) 

0.53(0.14) 0.46(0.14) 

0.06(0.08) -0.01(0 07)

0.36(0.07) 0.33(0.05) 

0.69(0.09) 0.72(0.07) 

SE= Oootsrrappcd S1Jndard Error ,vilh 200 replications 

C = Ref ere nee Category 

35 

.. 

501h Quantile 751h Quantile 90111 Quantile 

P(SE) p (SE) 
.� 

p(SE) 

0.83(0.07) 1.04(0.09) 1.30(0.13) 

I 61 (0.09) 2.18(0.14) 2.80(0.21) 

0.04(0.06) -0.02(0.07) -0.21(0.13)

-0.10(0.07) -0.14(0.09) -0.19(0.16)

0.32(0.06) 0.38(0.08) 0.96(0.13) 

0.26(0.10) 0.39(0.12) 1.16(0.17) 

0 08(0.16) -0.07(0.17) -0.05(0.27)

-0.18(0.07) -0.32(0. l 0) -0.50(0.16)

0.34(0.07) 0.34(0.10) 0.49(0.15) 

0.80(0.08) 0.78(0.11) 1.27(0.21) 
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litltf4, � • .J .  (\:,111fcf1i f�l'J!ft·.-.,lon ( ·ol•ll1cfcul, 1111d Sl1111d11rd Errors of the Linear l{egression and for Selected Quantiles of the Quantile

l� l'J! l"l',,/011 � I odcl.,

\
t
u Ml\ hll'.S

I.e.�,-,•\ or \�,lucution
No Bllucnlil)l\

c

Prin,ar'i 

�1".:.tpn1nnry 

Rl·�inn 
�uti.h Ccnlralc

North East 
North \\'est 

South Ea.,t 

South South 
South\\ c<,t 
,,·culth Index 
Poorest 
Poorer 
Nliddle 

Richer 

Richest 
Constunt 

\dj. R: 
Pseudo R· 

• 

Pseudo R-
• Pseudo ii· 
•Pseudo R· 

JJscudo R1

<) I ', l(l'�rcs,ion 

ll (SI�) 

0 42(0 07) 

0 96(0 08) 

0 49(0 08)

0.71 (0.08) 

0 06(0.10) 

0 13(0 09) 

-0 78(0 09)

0 33(0.07) 

0.82(0.08) 

I 51 (0.09) 

3.20(0.11) 

20.98(0.15) 

0.16 

• 

Quantile Regression 

10111 Quantile 251h Quantile 

ll (SE) p (SE) 

0 36(0.07) 

0 69(0.09) 

-0. 92(0.09)

-0.79(0.09)

-0 21(0.11)

-0.05(0 10)

-0.81(0.11)

0.15(0.08) 

0.29(0.08) 

0.48(0.1 l) 

1.43(0.12) 

17.77(0.19) 

0.05 

0.33(0.05) 

0.72(0.07) 

-

-0.71 (0.07) 

-0.56(0.06)

-0.16(0.11)

-0.03(0.09)

-0.84(0.10)

0.32(0.06) 

0.57(0.07) 

0.90(0.09) 

2.29(0.12) 

18.83(0. 17) 

0.06 

so•h Quantile 

P(SE) 

0 34(0.07) 

0.80(0.08) 

-0.47(0.08)

-0.73(0.07)

-0.18(0.12)

0.04(0.10)

-0.86(0.09)

0.30(0.06) 

0.62(0.07) 

1.34(0.10) 

2.90(0.13) 

20.85(0.19) 

0.08 

SE= Doot!>trappcd Standard Error \vilh 200 replications C= Reference Category 
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751h Quantile 

p (SE) 

0.34(0.10) 

0.78(0.11) 

-0.24(0.12)

-0.86(0.09)

0.04(0.15)

0.3 L(0.15)

-0.64(0.13)

0.39(0.08) 

1.01(0.10) 

1.99(0.12) 

4.11 (0.18) 

22.83(0.22) 

0.12 

90111 Quantile 

P(SE) 

0.49(0.15) 

I .27(0.21) 

-0.16(0.18)

-1.05(0.18)

-0.28(0.27)

0.07(0.21)

-0.83(0.28)

0.65(0.13) 

1.65(0.20) 

2.86(0.21) 

5.71(0.32) 

24.48(0.39) 

0.15 
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4.3 Comparison of the results of the OLS ,vith the QR analysis of factors affecting the
Nutritional Status of Women

The regression coefficients are presented again in Table 4.5 but now together with their p-values 

to facilitate the identificatio11 of significant effects of factors. It should be remembered that 

relatively low BMI in tl1e lower end of tl1e distribution indicates problems associated with being 

underweigl1t, wl1ile higher BMI at the upper levels of the distribution indicates 1nore problems 
\Vith being oven.veigl1t. 

Figures 4.2 to 4.6 illt1strate graphically the effects of each or the de111ographic factors on BMI. 

In eacl1 figure and in each panel, the solid line represents est11nates of the coefficient fro1n the 

quantile regression \vhile the shaded area represents the 95% confidence interval. Superimposed 

on the plot is a dashed line representing the ordinary least squares (OLS) estimate of the 
regression coefficient. 

The coefficient est1n1ates of the indicator or dumn1y variables reported in the tables are relative 

to the reference category. 

In Table 4.5, according to the linear regression n1odel, for each unit nse 1n the mean BMI of 

mothers aged 15-24 years, tl1at of mothers aged 25-34 years increased by 0.87kg/m2 while that 

of mothers aged 35-49 years increased by I. 72kg/m2
• But 1n the quantile regression results, the 

magnitude of the changes differed depending on the location of the woman in the BMI
.... .... 

distribution. The corresponding nses for these age groups at the l 0th quantile are 0.39 and 0.64

,vhi le they are 1.04 and 2 18 at the 75th quantile. Thus the OLS model overestimated the effect
for thinner \VOmen (those at the lo,ver quantiles) but underestimated 1t for obese ,vomen at the

upper quantiles. 

Panels 1 and 2 show that on the average, women aged 25-34 years and 35-49 years have larger

a_r..11 than those aged JS-24 years by about 0.87 kg,m� and l.72kg/m2 respectively according to

th 
. b h anti le regression estimate was smaller in the lo\vcr quantiles of thee OLS estimate ut t e qu 

d bly higher (1.30 kg1m2 and 2.80kg/m2
) in the upper tn,I of thed1stnbut1on and cons1 era 

d1stobu11on 

BMJ of mothers who have a family size of less than 5 hou�cl,old I or cacl1 unit n� 1n the mean

munb that ,,f mother "''' rh 5.g members 1ncrcasccJ hy O O I. \\'l11 le that <if t11othcrs ,, 1111 11101�
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than 8 members in the household d d b ecrease y 0.11. In the QR resulls, the magnitude of the
changes differs. The negative family size effect was s II b ma er among o ese women. 

The QR eStimates in panels 3 and 4 show the BMI of wo1nen with 5-8 household rnen1bers 

increased at tl1e lower ends of the BMI distribution and also that of women with more than 8

household members was larger at the lower ends of the BMI distribution, and there is a dra1natic 

widening for tl1ose with less than 5 children at the upper end of the BMI dislribution. J-Iowever, 

fa1nily size did not contribute significantly to the BMl effect. 

For each unit rise in tl1e n1ean BMI of n1others who have ever given birth to 1-3 children, that of 

n1others who have given birth to 4-6 children increased by 0.48 while that of mothers with 

seven or more children increased by 0.53 according to the OLS result. The QR results showed 

that tl1e n1agnitude of the changes differed as the location of the women in the BMJ distribution 

changed. OLS overestimated the effect in nil won1en except those at the highest quantiles. The 

effect \Vas smaller in undef\ve1ght \vomen but much bigger in obese women. This was well 

illustrated 1n panels 5 and 6 where the BMI of women with 4-6 children increased at the upper 

tail of the distribution and t11at of \vomen with more than 6 children rises at the upper tail of the 

distribution 

For each unit rise in the mean BMI of mothers \Vho were unmarried, that of married women

increased by 0.16 ,vhich ,vas not statistically significant. In the QR results, the effect was bigger

and statistically significant at the 10
1h and 25

1h quantiles but decreased and not stat1st1cally

S• fi th 7 -lh d 90th quantiles Panel 7 shows that on average. married women have1gru 1cant at e :, an 

) B,. 1 th ed vomen \vh1le the QR estimates indicate that the BMI of marriedarger •"1 an unmarr1 " 

th l er tails of the distribution while 1t \vas lo\ver at the upper tails of
v.·omen was larger at e O\V 

th d. . d al th ,v"s a dramatic \Videning for unmarried \vomen at the upper end
e 1stnout1on an so ere ... 

of the Blvll distribution. 

,c:- • • • BMI of mothers \Vho resided in the urban area. that of motJ1crs
ror each unit nse 1n I.he mean 1 

d by o 22. In the QR results. the magnitude of tl1c chnnoc.,
\\ho resided in rural area decrease · . -=-

. There were bigger decreases among v.•omcn at tl1c 75th nnddiffered as the quantile increases.

90 quantile,; 1111,; was well illustrated in panel 8.
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For eacl1 unit rise in the mean BMI of mothers \Vho had no education that of mothers with 

primary education increased by 0.42, while that of mothers with post pri1nary increased by 0.96.

In the QR results, tl1e magnitude of the changes differed depending on the location of wo1nen in 

the BMI distribution. The OLS n1odel consistently overesti1nated this effect in all but those at 

the higl1est quantile \vl1ere it was underestimated. The QR results showed these effects to be 

smaller except at tl1e 90
th quantile. Panels 9 and 1 O show that the effect was 1nore pronounced at 

tl1e 90th quantile 

As regards regional variation, con1parcd with the North Central region, the OLS results show 

BMl to be lower by 0.49 in the North East, by 0.71 in the North West and by 0.78 in the South 

\Vest. The QR analysis shO\VS that these OLS results undcrcstin1ated these effects in the North 

East at the l Oth and 25th quantiles ,vl1crc the decreases arc respectively 0.92 and 0.91, but 

overestimated tl1em at the 75th and 90th quantiles \Vhere the decreases arc 0.24 and 0.16 

respectively. l11 the Nortl1 West, the OLS 111odel underestin1ated the effects at the 75th and 90111

quantiles. ln tl1c Soutl1 \Vest, there 1s fair agreement behveen the OLS and the QR results. This 

\\as ,veil demonstrated in panels 11-15. 

\V1th regards to \Vealth index, compared to the poorest class, the OLS analysis show that BMI 
increased progressively to 0.33 kgtm1 for the poorer class right up to 3.20 kg/m2 for the richest 
class. These results 0,·erest1rnated the effects sho\vn by the QR model at all quantiles below the 
50' . but underestimated the effects seen at the 75th and tl1e 90th quantiles. 

Panels 16_ 19 shO\\' that the effects of the other wealth quintiles compared to poorest was more

pronounced at the 90
th quantile. 
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'l\1llfci .f ... 'i: f-lc:,i!n·,,i,111 ccH•flil'it.•111, und ,,-rultui, of l�i11cur l(cgrc.<;sion and Quuntilc Regression Estin1atcs for Selected Quantiles 
-

\'n .-i:i hit·, ()I.� f(cg.-c.-,,io11 Qua11lilc I{cgrcssion 
jJ (p-,·uluc) l 0th Qunnlilc 25111 Quantile 50111 Quantile 751

" Quantile 90'" Quantile 

ll (p-valuc) p (p-vaJue) p{p-vaJue) p (p-value) P(p-valuc) 
-

\J!l' (-;roup 
I 5-.?.4(

15-34 O 87(<0.001) 0 39( <0.001) 0.59(<0.001) 0.83( <0.00 I) 1.04( <0.00 l) 1.30( <0.00 I)

35-4t) I 72(<0 001) 0 64( <0.00 I) 1.09( <0.00 I) I .61(<0.001) 2.18( <0.001) 2.80( <0.00 I)
l.\1n,il, '-lite 

-l·

C 

5-S 0.0 I (0 .8..i t) 0 16(0.015) 0.1 I (0.056) 0.04(0.466) -0.02(0.818) -0.21(0.102)
>,.'\ -0 1 l(O 085) O 03(0 716) -0.01(0.666) -0.10(0.138) -0.14(0.110) -0.19(0.229)

Chiltlrcn l•:vcr Born 
1-3c

4-6 0.48( <0.00 I) 0.09(0.283) 0.19(0.007) 0.32( <0.00 I) 0.38( <0.00 I) 0.96( <0.00 I)
>=7 0.53( <0.00 I) 0 17(0.109) 0.21 (0.021) 0.26(0.007) 0.39(0.00 I) 1.16(<0.00L) 
�larit11l Status 
unmarr1ctt'· 
�tarrit:d 0 16(0 140) 0.53( <0.00 I) 0.46(0.00 I) 0.08(0.636) -0.07(0.666) -0.05(0.857)
Place of Residence 
Urban 
Rural -0 22( <0.00 I) 0.06(0.467) -0.0 I (0.942) -0.18(0.011) -0.32(0.001) -0.50(0.002)
l.evcl of Educution 
Nonce

Prrrnary 0.42(<0 001) 0 36( <0.00 I) 0.33( <0.00 I) 0.34( <0.00 I) 0.34(0.001) 0.49(0.00 I) 
PostPr, mary 0 96( <0.00 I) 0.69( <0.00 I) 0. 72( <0.00 I) 0.80( <0.00 I) 0 78(<0.001) 1.27(<0.00L) 

C = Reference Category 

• 

• 
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;l'rthl,• 4 ._ l�t·11n.•,,io11 l·ocOit:ll'III, 1111<111-r11h1c, of l,i11c11r l(cgrcs,;iou uud Qunnlilc llcgrcssion Eslimntes for Selected Quantiles 

\:u1·r:1 hll', <)I.� l�l·grc-.-.io11 Quunlilc llc�rcssion 
fl (f)·\ uluc) J 0111 Quuntilc 25111 Quantile 

II (p-vuluc) p (p-valuc) 
-

\'g,� l�rc111p 

15-l4
c

)_'I..J,l 0 87(<0 001) 0 39( <0.00 I) 0.59( <0.00 I)
.. --il'I:> - · ' I 7?.( <0 00 I) 0 64(<0.001) 1.09( <0.00 I) 

l;\1n,i1, "1/C 
.::5C 

5-S O.Ol(0.841) 0.16(0.015) 0.11(0 056) 

�s 0.11(0085) 0 03(0.716) -0.03(0.666)

Children i-:vcr llorn 

\-3
C

4-6 0.48( <0.001) 0.09(0.283) 0.19(0.007) 

>=7 0.53( <0.00 I) 0 17(0.109) 0.21(0 021) 

�luritul Stulu�
Unmarr1cd

c

1Vl1rricd 0.16(0 140) 0.53( <0.00 I) 0.46(0.00 I) 

Pl.ice or Residence 
l..rban 

Rural -0.22( <0.00 I) 0.06(0.467) -0.01 (0.942)

l.cvcl or Education 
Nonce

Primary 0.42( <0 00 I) 0.36(<0.001) 0.33( <0.001) 

PostPrimary 0.96( <0.00 I) 0.69( <0.00 I) 0.72(<0.001) 

C = Reference Category 

• 

40 

50111 Quantile 
p(p-value) 

0.83( <0.00 I) 

I .61(<0.001) 

0.04(0.466) 

-0.10(0.138)

0.32( <0.001) 

0.26(0.007) 

0.08(0.636) 

-0.18(0.011)

0.34(<0.001) 

0.80( <0.00 I) 

751h Quantile 
p (p-value) 

- -

1.04( <0.00 l) 

2.18(<0.001) 

-0.02(0.818)

-0.14(0. l l 0)

0.38( <0.00 l) 

0.39(0.00 I) 

-0.07(0.666)

-0.32(0.001)

0.34(0.00 I) 

0.78(<0.00l) 

90'h Quantile 

p(p-value) 

1.30( <0.00 I) 

2.80( <0.00 I) 

-0.2 l (0.102)

-0.19(0.229)

0.96( <0.00 I) 

1.16(<0.00l) 

-0.05(0.857)

-0.50(0.002)

0.49(0.00 l) 

1.27(<0.00l) 
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l}thlf " � l·c111r,I) l�l·,:n·�,ion fOl•llicicnt, '""' ,,-vul11c1. of IJincur J<egression und Qunnlile Regression Estimates ror Selected Quantiles 

\'u 1'111 hit�, ( )f .,', f<l'J!ll''i\lOII Quuutilc l<c�rc!-isiou 

1i Ci>·' uluc) I 0th qunntilc 25111 c1uantilc 5011
' quantile 75 1h quantile 90th quantile 

fJ ((>•VIIIIIC) fl (p-valuc) p(p-value) p (p-value) p(p-value) 

R,�ion 

�orth ('cn111ll
c

N,,nh l�u"t -0.49( <0 00 I) 0.92( <0.00 I) -0.71 ( <0.00 I) -0.47( <0.00 I) -0.24(0.046) -0. I 6(0.389)

N(.,nh \\'c:-.l -0.71(<0.00I) -0.79( <0.00 I) -0.56( <0.00 I) -0.73(<0.00l) -0.86( <0.00 l) -l .05( <0.00 l)

South Ea:-.l -0 06(0. 581) 0.2 I (0.055) 0. I 6(0. I 62) -0. I 8(0. l l l) 0.04(0.8 l 3) -0.28(0.316)

South South 011(0135) -0 05(0.644) -0.03(0.740) 0.04(0.706) 0.3 I (0.043) 0.07(0. 752)

So,uh \Vest -0.78( <0 .00 I) 0.81(<0.001) 0.84( <0.00 I) -0.86( <0.00 I) -0.64(<0.001) -0.83(0.003)

\\'cnlth Index 

Pourc.:.r 

Poorer 0.3 '3( <0.00 I) O. I 5(0.0-l9) 0.32( <0.00 I) 0.30( <0.00 I) 0.39( <0.00 I) 0.65( <0.00 I) 
�lidlllc 0.82(<0.00I) 0.29( <0.00 I) 0.57(<0.001) 0.62( <0.00 l) l.01(<0.001) 1.65( <0.00 I) 
Richer 1 51(<0 00 l) 0.48(<0.00l) 0.90( <0.00 I) 1.34( <0.001) l.99(<0.001) 2.86( <0.00 l)
Richest 3.20(<0 001) 1.43( <0.00 I) 2.29( <0.00 I) 2.90( <0.00 l) 4.l 1(<0.001) 5.7 l(<0.001)
Constunt 20.98(<0.001) 17 .77( <0.00 l) I 8.83( <0.00 I) 20.85( <0.00 I) 22.83( <0.00 l) 24.48( <0.00 I)
\dj. R2 0.16 
Pseudo 1(2 0.05 
P�udo R2 0.06 
Pseudo R2 0.08 
Pseudo R2 0.12 
P,-.eudo R2 0.15 

C=Rcfercnce Category 

• 
• 
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Panel 1: 
Age 25� vs. Age 15-24 
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Age 35-49 vs. Age 15-24 
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Figure 4.2: Quantile regression models demonstrating effects of ,,oman's age (compared ,,ith IS-

24 )ears) and fa mil) size (compared,, ith <S) on B'\11. 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



,.. 
--
..., 

Cl 
0 

0 

0 

I) 

rt'. 

0 

0 
. 

0 
G) 

---

-

Pane!5 

CEB (4-6)vs CEB (1-3}

-------------------------------

15 

Panel 7: 
Married vs. Unmarried 

----------------------· 

I 

025 050 0 75 

Qwnlile 

,.... 
-

Cl 
0 

u 

Pan:J 6: 
CEB (>= 7)vs CEB (1-3) 

. -----------------------------------

25 
r 

Panel 8 
Rural vs. Urban 

I 

E 

---------------- -----
0 

u 
o ·1-
C) 

25 050 

a1.0m1e 

----------------

0 75 

Figure 4.3: Quantile regression nlodcls clcmonstrnling effects of children e,cr born (compared

,vith <S), n1nrital status nnd pince of residence on 81\11. 
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Figu 4 4 Q .1 ·on models dcmonstrnting effects of cducntion (compared TI-ith 00re . : unnti c regress, 

. . N rth East nnd North \,\ est (con1pnred ,vith North Central) oneducalton), region- o 
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Prunary Education vs. No Education
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Figure 4.4: Quantile regression 01odels dcn1onstrating effects of education (con1pared '"ith 00

d t. ) ·on North Enst nnd North '''est (con1pnrcd ,, ilh North Central) onc uca ,on , reg, -

BMl. 
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Figure 4.5: Quantile regression n1odels den1onstrnting effect!. of region-South East, South South

and South \Vest (con1pnrcd ,vith North Central) on B\ll.
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5.0 

CHAPTER FI\7
E

01scc;ss10�

Tots study examined factors ffi a ect1ng nutnt1onal status of ,vomen of reproduct1,·e age

( I 5-49 years) in Nigeria from the N1gena Demographic and Health Survey C'JI)HS 2013). The 

study helps in understanding the factors affecting the nutntional status of ,vornen using the 

conditional distribution of their Body Mass Index. 

5.1 DISTRIBUTION OF THE BODY l\1ASS INDEX

The distribution curve in this study was ske,ved to tl1e right; the main characteristic ,vas a shift 

where the distnbut1on of women's BMI became wider and a proportion of the samples had a 

higher BMI. This goes in line with the dataset in Ouyang et al. 2015, where the curve shift was 

to the right i.e the BMI distribution was skewed to the right. This is also consistent ,vith 

Ramokolo et al., 2015 where their sample distribution was shifted to the right. 

5.2 ORDINARY LEAST SQUARE REGRESSION 

In OLS regression, a significant effect was found between BMI of ,vomen and their respective

ages in the study. Also BMI increased as women's age increased. Similar result ,vas found in a

study by Peixoto et al., 2007 regarding women ·s age; 1n that, linear regression analysis sho,ved

a significant effect on BM[ of women. Previous research (Shankar, 2010) estimating a linear

regression on BMI data round that for rural area co1npared ,v1th urban area, the OLS results

showed BMI to be higller by 0.002. The comparable linear regression (OLS) results in this

Stud I d h t all er decrease 1n the BMI of ,vomen 1n rural area. Intuitively oney s 1owc a so1new a sin 

m I d II t be associated ,vith lo,ver BMI values and urban d,vellers to 11aveay expect a rura ,ve er o 

higher increases for higl1er BMls.

Th I f men who ,vere n1an1ed in a study conducted by Nagata et al. ere was a nse 1n the BM o wo ,

2 . ted with an increase in ,vomen's BMI. Howe,,er, though tliis009 thougl1 mamagc was assocta 
. 

BMl of rnamed women increased, 1t ,vas not statisticallystudy found out that the mean 

significant. 

. . . lly significant effects on BMI and as the SES increases, theThe Wealth quintiles had stat1st1ca 
. . 

. grcssion This findings \Vere consistent with a study
BM( of ,vomen increases 111 linear re 

1 found out that higher SES respondents had l11gl1cr Blv1Isconducted by Nagata ct al., 2009 w 10 
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The level of education has been shown t h · · · o ave a significant effect on \vomen's BMI. The higher
the education of women, the higher her BMI. However Shankar. 2010 found out a statistical
insignificance education variable which revealed the more educated a '"-'Oman is. the more she
may be expected to better comprehend information relating to health. This difference in both
studies may be due to Shankar, 2010 use of a continuous education variable

5.3 COMPARISON OF THE RESULTS OF THE ORDINARY LEAST SQUARE 

REGRESSION WITH THE QUAN'fILE REGRESSION A..NAL YSIS 

The present study shows that the BMI of women, in OLS and all the selected quantiles ,vere 

significantly influenced by their age groups, the BMI of women increased as their age

increased. Compared to women in the youngest age group (aged 15-24 years), the positive age 

effect is smaller among thinner women than among obese ones for both age groups. This

finding is similar to a study that reported women in the oldest age group ,vere more likel)' to be 

overweight and obese than the youngest women. (Okoh. 2013; Uthman. 2009).

For women with a family size of 5-8, results from OLS sho,ved that fan11ly size did not have a

significant effect on women's BMI, while at the lo,vest quantile, fan1ily size had a significant

effect 011 BMI. This shows that a woman witl1 5-8 children compared to those with <5 children

are more likely to be thinner. Also for women with more than 8 household members, t11e effect

on BMI · 
·r· t for QLS and 1n any quantile, but the magnitude of the changeswere not s1gn1 1can < 

ct·fr h 
. 

f .1 
· effect is smaller among obese ,von1en. Fan,ily size did not1 lers; t e negative am1 y size 

contribute significantly to the BMI effect.

R QR lyscs sho,v that children ever born had a significant effect onesults fron1 both OLS and ana · 

anti le (1 Otl1) ,vherc children ever bon1 hacl no sig11ificantWo1nen's BMI except at the lo,vcst qu 

R Its show that the magnitude of the changes differ as theeffect on won,en' 5 B MI. The Q resu 
. . I d" tribution changes. The effect is smaller in undenveiglitlocation of the women 1n tl1e BM 15 

. . , 
This aorees w1tl1 f1nd1ngs fron1 Yahaya et al, 2007Women but much bigger in obese women. 0 

• .

ber of children, the n1orc d1ff1cult for a 1nother to attain\Vho reported that the higher the nuni 

Optimum nutritional requirements.

. . . 1 have higher BMI compared to uninruTied women, itFor OLS though married 1ndividua s 
' 

. t for increased BMI which 1s consistent with a studyshowed that marriage is not a determinan 
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where unmarried individuals have a lower BMI ed · d · d. ·d a1 1 compar to marne 1n 1,, u s
(Esma As1 I et al, 2014). [t was found 10 the QR results f tlu tud th 

· d · d · d a] o s s v at marne 1n l\1 u s 
have a significantly higher BMI compared to unmarried 1ndi,·1duals at the I 0th and 25th quantile
while at the upper quantiles, unmarried women tend to be ovenveight. These 10th and 25lh QR
results go in line with another study carried out by Okoh. 2013 ,vh1ch sho,ved that marned
\Vomen were significantly more likely to be ovenve1ght or obese than never married ,vomen.

For OLS result, the effect is significantly influenced by place of residence ,vlule for the selected
quantiles, only the ones belo,v the median were not sigruficantly influenced by their residential
place. In the QR results, the magnitude of the changes differs as the quantile increases. There is
a bigger decrease among obese women. Tots indicates that women \vho live in rural areas tend
not to add BMI compared to urban ,vomen. This is  similar to a study conducted by Hill et al,
2014 who found out that the severity of obesity 1s \vorse for those li,ring in to,vn limits
compared to those living in rural area. 

Women's BMI was also found out to be significantly influenced by the level of education for

both OLS and QR results. Women with primary education tend to be ovef\veight compared to 

those with no education. Results showed that ,von,en ,vho have post primary education arc n1ore 

likely to be overweight/obese compared to ,vomen ,,ho have no education. This agrees \vith

findings fron, Uthman, 2009 who reported that those \\Ith sccondal} or higher education \VCre

I l.k I b d · It oinparcd to \Vomen who had never been lo school. The pos1ti\ecss I c y to e un erwe1g 1 c , 

education effect 1s higher among obese ,von1cn

I ffi f BM r on North East decreases compared to North Central, alson the OLS result, the e cct o 
c . 1 d case of BMl \Vhilc in the QR results, the magnitude of the1or North West there 1s a !11g ,er ecr ' 

. . ffect is smaller among thinner women in the North East changes di ffers Tl1e negative region e 
. _ in the North West. The effect of wo1nen's BMI 1s found\Vhtle it 1s higher an1ong obese women

. d b men in South West for OLS and QR results; also thereout to be significantly influence Y \VO 

f BMI at the 75th quantile.
1s a smaller decrease of the effect 0 

. . that as the wealth quintile increases, the BMI increases AlsoThe findings 1n this study revealed . 
. Its are consistent ,v1th a previous study 1n Gl1ana athe OLS d th 50th percentile resu an e 
. h higher/n,iddle class subJects cxh1b1tcd higl1cr BMId . W t Africa \1/ ere evelop1ng country 1n es ' 

I I I d 
values (Amoah, 2003) and also cons1ste nt with a Nigena study w 11c 1 revca c that higher socio
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economic status and occupational level were significant!) associated v:ith the risk of obes1t)
(Akarolo-Anthony et al. 2014). This result is in agreement with fmd1ngs that have been reported
by studies in Akwa Ibom state of Nigeria and in Morrocco (OJofe1timi et al. 2007; Goedecke et
al. 2006). Compared to poorest women, the wealtluest women \\<ere more likely to be
overweight and obese (Uthman, 2009). This fmding 1s consistent with tlus study ,vhich reveals
that increased wealth increases BMI. Women who are richer and richest had significantly higher
BMI throughout the distribution than those with who are poorest • 

QR regression analysis was able to show the amount of both underestimation and
overestimation produced by the OLS regression.

5.4 MODEL FIT

It can be seen that the lowest (10th
) quantile has the lowest value of pseudo R2

. The goodness of
fit for BMI is poor er at the lower tail while the 90lh quantile model better predicts the B.t-.11

distribution among the quantiles .

5.5 STRENGTHS AND LIMIT A TIO NS 

allowed a complete examination of the relationship between tl1e Quantile regression method
\ . . 8 d Mass Index across its entire d1str1but1on in that tl1e factors/independent variables and o Y 

. t'les \Vhich facilitated a deeper and fuller analysis.variables were considered in different percen 1 • 
. 

f ontinuous response variable in regression ratl1er manThe strength of this study was the use O c 
. . . th of binary or multinomial regressions. Use of categorized response variables as 1n e case

n ibility in choosing the level of response to continuous response variable led to more ex 
. . . . or multinon11al regressions arc l1m1ted to the consider in regress1011. In otl1er words, binary

. . · · 
. quantile regression is n1ore flexible 1n such a .

. whereas continuousssigned response categories 

h ·ng appropriate values of T \vhich representh level by c oos1 l at one can cl1oose any response

desirable response quantiles to regress.

A · d · s t11e use o nother strength of this stu Y 1 
f a  large sample size.

d · d not include pregnant wo1nen and won1en that0 . h dataset used I ne of the limitations 1s t11at t e 
. d . . al status in t11e stu y

had Just given birth (maternal) nutrition 
. . . 

d d ot collect information on dietary intake
e or dataset t n 

Another limitation is that the surv Y 

so 
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5.6 CONCLUSION 

This study identified the detennina11ts of nutritional status of \vo1nen using BMT. In particular,

the study employed a unique statistical method t11at showed the effects of these factors in each 

BMI quantile to identify the effect of each vanable. 

TI1e quantile regression analysis sho\ved that the 1nagnitude of the changes differed depending 

on the location of tl1e wo1na11 in the BMI distribution 

\Vhile OLS regressio11 can identify the factors influencing Body Mass Index, Quantile 

regression l1elps to L1nderstand differences across the conditional distribution or levels of BMf. 

Quantile regression can be used to model specific parts or the BMI distribution and should be 

preferred to OLS regression if tl1e original scale of the outcome variable was continuous with a 

non-normal distribution. 

5.7 RECOl\IMENDATION 

For variables tt1at are grossly skc\vcd, it \Viii be \Vrong to use OLS and even the median. 

Therefore, quantile regression metl1od 1s suggested.

Also a policy is needed to correct the shift in

ovenve1ghtJobesity in the country. 

Sl 

the BMI distnbution so as to tackle 
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