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Abstract 

Age-at-first sex and age-at-first-birth have been identified as important markers of changes in social 

and health needs especially in the lives of women and an understanding of these important reproductive 

health events can provide clear understanding of how individual progress throughout these stages. 

Age-at-first-sex is an important indicator of risk of pregnancy, as ,vell as STls and HN/AIDS among 

young adults. The interval between these reproductive events has also called for consideration. The 

wider the interval between first sex a11d f ust marriage, for instance, exposes a woman to having 

multiple sexual partners. The interval between first sex and first birth also suggests possible use of 

contraceptives and intentional delay 1n childbearing among the couples given several personal and 

community level factors. 

These reproductive health events have survival times. Although many studies settle for the Cox 

proportional hazard model for estimating survival times but parametric methods }1ave been described 

as l1aving better estimates. Both parametric and non-parametric methods have been suggested for 

fitting these reprodt1ctive health events and even for the parametric methods, graphical and analytical 

methods liave been used. 

The n1ain objective of this study was to model the baseline hazard of age at first sex, age at ftrst birth 

and the interval bet\veen them using the Weibull distribution. Data for the study was obtained the 

Nigeria DHS 2013 for 38948 ,von1en of \vhicl1 31075 (84.4%) ever had sex among whom 25370 

(81.6%) ever gave birth. Exploratory data analysis, curve fining, and model fitting were en1ployed for 

t]1e analyses. Kaplan-Meier estimates of the survival function was estimated and substituted into the 

Log cumulative hazard plot to check the suitability of Weibt1ll distribution to model the hazard 

function. stgenreg procedure was used for analytical fitting of the hazard functions through maximum 

likelihood estimation. Fixed and random effect models for interval bet\veen first sex and first birth 

were fined using streg and stmixed procedures respectively. 

• 
• 

The results showed that the age at first sex, age at first birth and their interval changed with 

birth cohort Specifically, older women had \vider interval of sex debut and first birth co1npared to 

younger women. Weibull distribution \Vas appropriate for the baseline hazard of age at first sex, age 

at first birtl1 and the interval betwee11 tJ1em. The median age at first sex obtained from the log-

cumulative hazard plot was 16.61 years (95% Cl: 16.43-16.80) which was sligl1tly higher than the 

Kaplan-Meier estimate of 16 years (95% Cl: 15 .94-16.05). The estimate of median age at first sex 

from the MLE of Weibull parameters was 16.97 years (95°/o CI: 14.97-19.23). The median age at first 
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birth for both graphical and MLE estimates were 19.47 years (95% Cl: 19.23-19.72) and 19.60 years 

(95% CI: 17.02-22.56) respectively, \Vhich are comparable to the KM estimate of 19 years (95o/o CI: 

18.94-19.06). The KM estimate for first sex-first birth interval \Vas 2 years (95% CI: 1.97-2.03), ,vllich 

is also comparable to the median estimate from the Weibull estimation of 2.12 years (95o/o CI: 2.06 -

2.18). 

Random effects Weibull model showed that age at first sex, education, religion, women's birtl1 

cohort, contraceptive use, marital status, and ever te11ninated a pregnancy were significant factors of 

the interval between first sex and first birth. 

Word Count = 532. 
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Chapter One 

Introduction 

The growing world population poses great threat to the future of mankind given the monotonous 

increase in population growth rate across the nations of the world, and sub-Saharan Africa 

especially Nigeria, having its fair share of the burden. Resources are shrinking and there is little 

time available to adequately plan for the inevitable challenge. In view of this, donor agencies, 

government and non-governmental organizations across the nations of the world have spent the 

last fe\v decades investing in birth control commodities and their distribution, campaigns on need 

for child spacing and limiting, as well as behavioural change communication with regards to 

fertility issues at all levels - from community levels to policy advocacy. The Nigeria experience 

shows that contraceptives prevalence has stagnated at 15°/o between 2008 and 2013 after an initial 

2% increase from 2003 rate (NPC and ICF International, 2014). These are in spite of the fact that 

85% of \VOmen and 95% of men aged 15-49 years in Nigeria kno\v at least one method of family 

planrung. Nevertheless, on the one hand are fertility issues and on the other hand are reproductive 

health issues, including HIV and AIDS. 

Since year 2005, the proportion of young people aged 15-24 years m Nigena that had 

experienced sexual debut before age 15 years has almost doubled from I 0% in 2005 to 16° o 1n 

20 I 2 (Nigeria GARPR, 20 I 4) while sexual expenence is almost t\vice as much among females 

(37%) as among males (20%) aged 15-19 years Of course, this \Vould include consensual and 

coercive sexual intercourse. However, Nigeria has also seen a steady increase in condom use 

among sexually active individuals with multiple sexual partners \V1thin the penod aforementioned 

with a nse from 56% m 2005 to 65% in 2012 (Nigena GARPR, 2014). Study done an1ong femal� 

sex workers in Nigeria shows that more than three-quarter had sexual debut before age 19 years

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



(IBBSS 2010, 20 I 0). Early sexual debut does not only put one at risk of sexually transmitted 

infectio11s and unwanted pregnancy but can also influence behavior, including multiple sexual 

partners, eitl1er as a sex worker or not (Eric & Eleanor, 2008). 

Age-at-first-sex is an important indicator of risk of unwanted pregnancy (Atuhaire, 2011), 

sexually transmitted infections and HIV/AIDS in the lives of young people, and it could also be 

an important indicator for age-at-first-marriage (Basia, et al., 2002). On the other hand, some 

authors have used age-at-first-marriage as a proxy for measuring women's exposure to pregnancy 

in fertility studies (Basia, et al., 2002), but Stover (1998) and Ngalinda {1998), in view of societies 

\vith common premarital sexual activity, have suggested that age-at-first-sex be used as a better 

proxy. Eric & Eleanor (2008) have also noted that intiation of sexual intercourse at an early age 

exposes adolescents to multiple sexual partners and longer period of sexual activity before they 

eventually marry or ''form long-term monoga1nous relationsl1ips''. However, in Northern Nigeria, 

early marriage is more conunon compared to other places in the country (Olalekan, 2008); and 

early marriage has been linked with early childbearing. 

There are two important qt1estions that come to mind given this background. Frrst, we 

would want to know what is the probability that a certain individual \Vould have sex at a paticular: 

age given his or her socio-demographic characteristics and other important characters1tics. Second, 

we would want to know \Vl1at background characenstics of an individual predisposes him or her 

to sexual intercourse at an early age. These questions also apply to age-at-first-mamage and age

at-first-birth as well as the factors that dete11nine the length of the mterval between the events 

Some researchers have argued that socioeconom1c environment 1n most sub-Saharan countnes 

encourage early sexual activity especially among females (Okonufua, 2000, Luke, 2003). Hence, 

there is need to account for commun1ty-level factors that influence sexual activities an1ong the 
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individuals. A number of authors, some of a number of whose literatures were reviewed, have 

worked on these reproductive health events or milestones using both parametric, semi-parametnc 

and multi-level modeling, but borrowing from the perception of Finer & Pl1ilbin (2014), tl1e recent 

release of the 2013 Nigeria DHS implies that \Ve have ne\-v data to update the past published 

figures. 

This study invest1gales transitional probability of timing of first sexual intercourse and first 

birth amo11g women in N igena, as well as thelI paired intervals, before fitting a parametric model 

to dete1 ,nine the individual- and commun1ty-level factors that influence interval of first sex and 

first birth. 

1.1. Problem statement 

Despite that mucl1 researches have been earned out on age-at-first-sex, age-at-first-marriage and 

age-at-first-birtJ1, none of the studies provided usefi.11 inforrnation about the probability distribution 

of their baseline hazards. Hazard l1ere refers to the probability of initiating sex, for instance, given 

a specific age. This is so because the variables are usually fitted into the Cox proportional hazard 

models (Oyedokun & Odumeg\vu, 2013; Chandrasekhar, 201 O; Lofstedt, et al., 2005), which does 

not assume a probability distribution for baseline l1azard. 

Also tJ1ese variables have been fitted separately into proportional hazard models without 

accounting for con1munity-level influences on the variables and where the commuruty-level 

influences were accounted for, the time-to-event properties were expunged (Olalekan, 2008; 

Ngalinda, 1998). Subaiya & Joh.r1son (2008) assumed a no11nal distribution for the length of time 

betvvee11 age-at-first-sex and age-at-first-marriage by fitting an ordinary least square (OLS) linear 

regression but OLS estimation does not account for the multi-level structure in data collected and 

produces less precise estimates of the standard error (Angeles & Mroz, 2001 ). Angeles & Mroz 
•

• 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



individuals. A number of authors, some of a number of \Vhose literatures were revie,ved, have 

\.Vorked on these reproductive health events or milestones using both paran1etric, semi-parametric 

and multi-level modeling, but borrowing from the perception of Finer & Philbin (2014), the recent 

release of the 2013 Nigeria DHS implies that we have new data to update the past published 

figures. 

This study investigates transitional probabiJ1ty of timing of first sexual intercourse and first 

birtl1 among women in N 1gena, as well as tbetr paired intervals, before fitting a parametnc model 

to dete1·1nine the individual- and community-level factors that influence interval of first sex and 

first birth. 

1.1. Problem statement 

Despite that much researches have been earned out on age-at-flfSt-sex, age-at-first-marriage and 

age-at-first-birtJ1, none of the studies provided useful inforrnation about the probability distribution 

of tl1eir baseline hazards. Hazard here refers to the probability of initiating sex, for instance, given 

a specific age. This is so because the variables are usually fitted into the Cox proportional hazard 

models (Oyedokun & Odumeg"vu, 2013; Chandrasekhar, 20 IO; Lofstedt, et al., 2005), \Vhich does 

not assume a probability distribution for baseline hazard. 

Also these variables have been fitted separately into proportional hazard models without 

accounting for con1munity-leveJ influences on the variables and where the commun1ty-level 

influences were accounted for, the tin1e-to-event properties were expunged (Olalekan, 2008; 

Ngalinda, 1998). Subaiya & Johnson (2008) assumed a no1111al distribution for the length of time 

between age-at-first-sex and age-at-first-marriage by fitting an ordinary least square (OLS) linear 

regression but OLS estimation does not account for the n1ulti-level structure in data collected and 

produces less precise estimates of the standard error (Angeles & Mroz, 2001). Angeles & Mroz 
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(200 l) also noted that ''no other unbiased estimator can provide more efficient estimates than the 

n1aximurn likelihood procedure''. Furt]1er1nore, inferences based on assumption of a particular 

probability distribution, even for skewed variables, are more precise and have the advantage of in 

te11ns of prediction, extrapolation and quantification, if the assumption is valid (Crowther, et al., 

2014; Collet, 1994). 

1.2. Purpose of the study 

The purpose of this study is to provide information regarding probability distribution of the hazard 

of age-at-fust-sex and age-a.t-first-birth and employ a multilevel parametric proportional hazard 

model to investigating what factors determine the length o.f first sex to first birth. 

1.3. Objective of the study 

The main objective of the study is to investigate the probability distribution of baseline hazard of 

age-at-first sex and age at first birth. 

1.4. Specific objectives 

Objectives of this study include: 

J. To investigate the probability distribution of baseline hazard of age-at-first-sex and age

at-first-birth. 

2. To explore the probability distribution of the intervals between pairs of age-at-first-sex

and age-at-first-birth. 

3. To examine the individual- and community-level factors that dete11nine the interval

between age at first sex and age at first birth using parametric survival analysis. 

1.5. The research questions 

) . 
• 

What are probability distribution of hazard functions of age-at-first-sex and age-at-first-

birth among women in Nigeria? 

4 
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2. What a1·e the probability distribution of hazard functions of the intervals between pairs of

age-at-first-sex and age-at-frrst-birth among women in Nigeria? 

3. What are the individual- and state-level factors that influence interval between first sex

and first birtl1 among women in Nigeria? 

1.6. Limitations of the study 

Time to event data fron1 surveys, especially nationally representative survey such as Nigeria. DHS, 

depend on recall info1 rnation and could introduce recall bias into the RH milestones. There were 

observed inconsistencies in the .reporting of age at reproductive events and these were explicitly 

identified in the .methods section. The computer resources - hardware and software - available 

were not capable of running more than two-level mixed effect parametric models hence the entire 

hierarchical structure of the data could not be fully acco\1nted for. However, all the studies 

reviewed showed that researchers generally do not go beyond the second level of the hierarchy . 

•UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2.0. Introduction 

• 

Chapter Two 

Literature Review 

Five reproductive health events or milestones (as used by Finer and Philbin (2014)) stand out in 

the lives of women and tl1ey mark obvious change in all aspects of a woman's life - physically, 

emotionally, socially and intellectually. These events are menarche, first sexual intercourse, 

marriage or first cohabitation, first birtl1, and menopause. In their study of these RH milestones 

among men and women in the United States, using the National Survey and Family Growth 

(NSFG) data, Finer and Philbin (2014) also included age at first contraceptive use as one of the 

milestones in a ivoman's reproductive health issues. The age at which these RH events occur are 

influenced by norms and values at community levels and have called for regulatory policies. 

Hence, a lot of work have been done in this area in medical, demographical, mathematical, 

statistical, and social sciences, as well as policy interventions. This literature review is broadly 

divided into two parts. The first part focuses on the reproductive health events, their nature, burden 

and deter1ninants, and the second part focuses on the statistical methods of sUIVival analysis for 

analyzing the RH events. 

2.1. The burden of these RH milestones 

• 

The magnitude of sexually transmitted infections and HIV/AIDS in sub-Saharan Afncan countries 

have necessitated several studies on the nature and predictors of sexual activities among 

individuals, especially young people; and, sexual behavior and maternal health remain issues of 

important public health concern. Nigena, being a sub-Saharan Afncan nation has also had its fair 

share of the scourge of STis and HIV/AIDS \Vith current prevalence of 3.4% (NARHS Plus, 2013), 

•
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and 35% of the Nigerian States l1aving prevalence higher than that of the national estimate. Almost 

two-fifth of the males and one-fifth of females aged 15-19years in Nigeria have ever had sex 

(NARHS Plus, 2013), with median age at first sex of 17 years for both genders among those aged 

15-24 years, which is slightly less than that of Nigeria DHS 2013 (NPC [Nigeria] and ICF

International, 2014 ), estimated at 17 .6 years among women and 21.1 years among men aged 25-

49 years. Oladokun, et al. (2007) also found that male adolscents are three times more likely to be 

sexually exposed than the female adolescents, with a median age at sex debut of 15 years for both 

gender . 

Furthe1mo.re, apart from STis and HIV/AIDS, of serious reproductive health and 

demographic concern is fertility. Fertility depends not only on marital unions but also on unwanted 

pregnancies as a result of early sexual initiation, unprotected sexual intercourse, age at frrst sex 

(Akpa & Ikpotokin, 2012) and frequency of sexual intercourse (NPC [Nigeria] and ICF 

International, 2014). Fertility rate in Nigeria is currently approximately 6 births per woman (NPC 

[Nigeria] and ICF International, 2014). Changes in age at marriages have implications for fertility, 

as an increase in the age at maniage reduces the number of years available for childbearing 

(Chandrasekhar, 2010) and Adebowale et al. (2012) also pointed out that age at first marriage has 

implication for the health of the mother and of tl1eir under-five children. 

Worldwide there are 60 million women aged 20-24 years who \\'ere married before the age 

of 18 years (Chandrasekhar, 20 l 0), and while median age at first mamage among women m 

Nigeria is estimated at 18.1 years and among men at 27 .2 years, median age at frrst birth among 

Nigerian women is 19 years (NARHS Plus, 2013), \Vhtch is slightly less than 20.2 years estimated 

by Nigeria DHS 2013 (NPC [Nigeria] and ICF International, 2014) among \vomen aged 25-49 

years. Median age at first mamage among \vomen aged 25-49 years in urban areas of Pakistan and 

• 

-
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India are 19.7 years and 18.7 years respectively (Chandrasekhar, 2010), which are less than what 

holds in Nigieria. 

2.2. Reproductive events 

Age-at-first sex, age-at-first marriage and age-at-first-birth have been identified as important 

markers of changes in social and health needs especially in the lives of women (Finer & Philb� 

2014) and the median ages at which these events occur can be helpful for understanding how 

individuals progress through these stages. 
• 

2.2.J. Age at first sex 

While age-at-first-sex is an important indicator of risk of pregnancy, as well as sexually transmitted 

infections and HIV/AIDS among young adults (Finer & Philbin, 2014; Atuhaire, 2011; Kaestle, et 

al., 2005; Zaba, et al., 2004) it could also be an important indicator for age-at-fust-marriage 

(Adebowale, et al., 2012; Basia, et al., 2002). Eric & Eleanor (2008) have also noted that intiation 

of sexual intercourse at an early age exposes adolscents to multiple sexual partners and longer 

period of sexual activity before they eventually marry or ''form long-te1n1 monogamous 

relationships'', and early childbearing and its risks of maternal mortality and morbidity (Subaiya 

& Johnson, 2008). Multiple sexual partners is a mediator variable bet\veen nsk of human 

papillomavirus (HPV) infection and age at first sex, the latter which has been found to be strongly 
• 

associated with HPV infection by several authors (Kha� et al., 2002). Akpa & Ikpotokin (2012) 

have identified age al first sex as a strong proximate dete1111inant of number of children a \Vo man 

ever gives birth to before age fifty. 

Age at first sex \Vas defined by Measure Evaluation OHS as '�age at ,vhich an individual 

initiates sexual intercourse'' (NPC [Nigena] and ICF International, 2014). Many progra1ns targeted 

at adolescents and youths on sexual reproductive health (SRH) issues encourage delay of initiat1on 

•
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of sexual intercourse, especial]y through the Minimum Preventive Package Interventions (MPPI) 

that provides both in-school and out-of-school adolescents with the ABC of HIV. The ABC refers 

to abstinence, being faithfi1I to one's partner, and consistent and correct condom use for prevention 

of STis and HIV & AIDS. In Nigeria, for instance, in-school adolescents are only provided with 

info11nation about the A - abstinence till n1arriage; with life building ski]ls to help them make 

important decisions to delay sexual unions till marriage. 

2.2.1.1. Detern1ina11ts of age at first sex 

Zaba et al. (2004) have noted that in several countries prevalence of HIV among young pregnant 

women attending antenatal clinics have reduced and this they associated with changes in age at 

first sex, rates of partner change, sexual mixing patterns, and condom use. Specifically, Cremin et 

al. (2009) noted that delay in sexual debut coincided with declines in HN prevalence in Uganda 

and Zimbabwe, altl1ough these changes are not likely to contribute substantially to lifetime risk of 

infection or HIV incidence (Hallett, et al., 2007). A number of factors have also been associated 

w1th age-at-first-sex. In the study of adolescents and young adults aged 14-22 years in South 

Afnca, Oyedokun & Odumegwu (2013) found that being older, being female, racial ongin, having 

secondary or tertiary level of education demonstrated a delaying effect on the age at first sex. 

Specifically, secondary educatio·n has been noted as a strong dete1mmant of age at frrst sex (Zaba, 

et al., 2004). This .result also identified differentials between gender which is similar to fmdmgs 

from Nigeria DHS 2013 that sl1owed that l 6o/o of females compared to 3o/o of males had had sex 

before age 15 years (NPC [Nigeria] and ICF International, 2014). 

Comparing trends of age at first sex for six Afncan countnes, Zaba, et al. (2004) found that 

• 
• 

median age at first sexual intercourse has considerably declined in Ghana, Kenya, and Uganda 

•
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• 

than other countries such as Tanzania, Zambia and Zimbabwe. Median age at first sexual 

intercourse in Nigeria has slightly increased from 17.7 years among women and 20.6 years among 

men in 2008 to about 18.1 years among \Vomen and about 21 years among men in 2013 (NPC 

[Nigeria] and ICF International, 2014; NPC [Nigeria] and ICF Macro, 2009). 

As a variable, age at frrst sex is a quantitative variable depicting number of years that had 

elapsed before an individual commences or experiences frrst sexual intercourse, either consensual 

or coercive. This, in turn, makes tl1e age at frrst sexual intercourse a time-to-event variable that 

shouJd be analyzed using appropriate censored data statistical methods. This would. be further 

discussed in subsequent sections. 

It should, however, be noted that in most cross-sectional survey that explore age at sexual 

debut and other event histories the data obtained generally depend on recall info1mation or 

retrospective interview (NPC [Nigeria] and ICF International, 2014; Gaya\van & Adebayo, 2014; 

NARHS Plus, 2013; Menscl1 & Sing� 2005; Hogan, et al., 2000). For instance, ever-married 

individuals are assumed to have initiated sex and hence are asked at what age they initiated sex 

(recall data) while adolescents are asked if they had ever had sex (current status) and what age they 

initiated sex (recall data) if they had had sex (Zaba, et al., 2002). This poses major challenge in the

analysis of such data due to inconsistencies that could be observed and reservation about such 

inf 011nation due to religious, social, and cultural beliefs. 

2.2.2. Age at first marriage 
''Marriage is one of the primary events during tl1e transition to adulthood'' (Copen, et al., 2012, 

Jensen & Thornton, 2003), but recent studies have showed that many young people no\V defer first

maniage, which might be linked to staggenng socioeconomic statuses and need to complete higher 

education - a major detem1inant of age at first sex (Chandrasekhar, 201 O; Garenne, 2004): 

10 
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Deferring frrst n1arriage has also been found to be influenced by the practice of cohabitation, a 

growing trend in western culture (Finer & Philbin, 2014; Copen, et al., 2012). 

Age at first marriage is the age, in years, at which an ever-married person started living 

with their first spouse/partner (NPC [Nigeria] and ICF International, 2014; Gayawan & Adebayo, 

2014). This definition may not be all encompassing, as it does not particularly indentify couples 

in 'consesual unions', which is widely occuring and acknowledged forrn of union in Latin America 

(Mensch & Singh, 2005). Chandrasekhar (2010) noted that '·Wor.ldwide there are 60 million 

women aged 20-24 years ,vho were married before the age of 18 years''. Median age at first 

n1arriage,just as median age at first sex, varies from country to country and from culture to culture 

(Adebowa1e, et al, 2012). For instance, in a study carried out among ever-marrid women in Awka 

Town, Anambra State, Nigeria, Agbirn & Ikyemum (2013, p. 50) found the average age at first 

marriage among the study population to be between 20-24 years, which is on the average four 

years above the national average reported later in the NDHS 2013. In the United States, median 

age at first marria.ge is 25.8 years for women and 28.3 years fo.r men, which are also as a result of 

the fact that many of them cohabit (11 %) before they many (Copen, et al., 2012). Studies 

conducted on age at fust marriage among 32 sub-Saharan African countries revealed that age at 

first marriage 1s still low, in the 15-19 years band for most countnes, except Botswana, Namibia 

and Soutl1 Africa (Garenne, 2004). Erulkar & Bello (as cited m Gaya\.van & Adebayo, 2013) have 

stated that 76% of sexually active women in Nigeria are married, similar to earlier fmdings of 

Singh & Samara (1996), who noted l1at 20-50% of \VOmen 1n develop1eng countnes are roamed 

by age 1 8  years and 40-70o/o are married before age 20 years. Trend in age at first marriage in 

Nigena shows that the median age at first marriage for \vomen aged 25-49 years ,vas 17.7 years 

in 1990, 17.9 years m 1999, 16.6 years in 2003, 18.3 years an 2008, and 18.1 )ears in 2013 
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(Gayawan & Adebayo, 2014; NPC [Nigeria] and ICF International, 2014; Feyisetan & Bankole, 

2002). 

Age-at-first-marriage has been ttsed as a proxy to measuring a woman's exposure to 

pregnancy in fertility studies (NPC [Nigeria] and ICF International, 2014; Shayan, et al., 2014; 

Garenne, 2004; Basia, et al., 2002; Nga.linda, 1998), but Stover (l 998), in view of societies with 

common premarital sexual activity, has suggested that age-at-first-sex be used as a better proxy. 

Also, age at which a woman commences childbearing influences the total number of children she 

\Vould bear throughout her reproductive period (Gayawan & Adebayo, 2013; Chandrasekhar, 

2010; Akpa & Ikpotokin, 2012; Garenne, 2004). Lofstedt et al. (2005) and Shayan et al. (2014) 

have also showed that late age at first marriage and/or longer intervals between age at marriage 

and first birth slows down the rate o·f population growth. On other hand, studies by Bongaart et al.

(as cited in Subaiya & Johnson, 2008) found that later marriages ·have their own challenges 

including increased risks of HIV/AIDS and higher rates of premarital births. Other factors 

influenced by age at first marriage include health, social status life cycle, dynamics of family 

fo1111ation, exposure to multiple sexual partners and risk of STis (Garenne, 2004). In particlar, 

early mamages ( 15-19 years), with their pros and cons, have been linked to higher fertJ.lity, larger 

families, lower numbers of sexual partners ancl fewer STDs (Kumchulesi, et al., 2011; Garenne, 

2004). 

Nations of the world have spent considerable time enacting and reviewmg policies to guide 

age at marriage. This becomes necessary in order to have a good grasp on and slow the pace of 

fertility and population growth, and ultimately improve qualtt)' of life. Nigeria too has such 

policies with the Child R.Jgl1t Act passed in 2003 that imposed the minimum age of marnage to be 

18 years for girls (Gayawan & Adebayo, 2014), similar to the Nat1onal Population Policy 2000 .. 
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National Youth Policy 2003, National Policy for the Empowe1·ment of Women 2001, and 

Prohibition of Child Marriage Act 2006 aJI in lndia (Chandrasekhar, 20 I 0). ''United Nations' 1962 

Convention on the 'Consent to Marriage, Minimum Age for Marriage and Registration and an 

Associated Recommendation' calls on member states to establish a minimum age of marriage of 

no less than 15 years'' (Jensen & Thornton, 2003). However, in Northern Nigeria., child marriage 

is n1ore common con1pared to other places in the country (Olalekan, 2008). 

2.2.2.1. Detern1i11ants of age at first n,arriage 

Several studies have been carried out to dete1111ine the socioeconomic and demogrpahic factors 

that influence age at first marriage; and this inludes studies by Copen, et al. (2012) who noted that 

• 

premarital cohabitation contributes significantly to delay in first marriage for both men and 

women. Age at first marriage has also been found to be positively associated with prolonged 

education, urbanization, new attitudes towards partnership, and across religion and ethnic divide 

(Gayawan & Adebayo, 2014; Adebowale, et al., 2012; Kumchulesi, et al., 2011; Garenne, 2004). 

Specifically, Nigerian women with primary education are at higher risk of early marriage than

\VOmen with at least secondary education (Singh & Samara, 1996); and women that live in urban 

areas, with high exposure to higher education and wealth, tend to delay marriage (Gayawan & 

Adebayo, 2014 ). Further 111ore, Ga ya wan & Adebayo (2014) also found that Moslems and 

Catholics marry earlier than respective con1parative groups and women from Hausa ethnic groups 

are at higher risk of early marriage than other non-Hausa groups 1n Nigeria. 

On the othe hand, Mensch & Singh (2005) have argued that education attamement, though 

has an association with marriage, as most developing countnes have experienced both a rise in 

educational attainment and a rise in age of marriage, the association is weakec than m1ght be 

expected given the dete1111in1ng power often attributed to educational change. Thetr study \vas a 

13 
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review of association between educational attainment and marriage from data from 49 DHS 

countries. They further argued that educatio11al attainment may be endogenous, as those who 

intend to marry may leave school earlier while those who marry later, for whatever reason, may 

stay in school longer. Shretha & Shretha (2008) put it much clearly that on one extreme is the fact 

that marriage is a response to social no1111s and on the other extreme, marriage happens when 

rational individuals decide the time will maximize their utility function subject to constraints. Also, 

they considered the heterogeneity of individuals. They said marriage could either be considered 

that all individuals belonging to tl1e same cohort or population are subject to the same type of 

influence or it can be thought that individuals, as being heterogeneous in their choice of when to 

many according to some unobservable characteristics (Shretba & Shretha, 2008). 

2.2.3. Age at first birth 

As metioned in the preceeding section, age at first birth is determined not only by age at first 

marriage but also by age at frrst sexual intercourse (Agbim & lkyemum, 2013), given the common 

premarital sexual debut, contraceptive use, and abortion among young people (Lofstedt, et al., 

2005). It has been shown also that about 10% of women in Nigeria are likely to have their first 

birth before their 15th birthday (Akpa & Ikpotokin, 2012) and that women who have their first birth 

before age 15 years have 18% and 61 % higl1er fertility rate than women who had their first birth 

between age 15-30 years and above age 30 years respectively. The findmg of Akpa & Ikpotokin 

(2012) is comparable to that of Nigeria DHS 2013 \Vhere it was stated that So/o of women aged 25-

49 years have given birth by age 15 years (NPC [Nigena] and ICF Internat1onal, 2014) and 23°/o 

of adolescent women aged 15-19 years are already mothers or pregnant with their first cluld. 

Tin11ng of fust birth has social, medical and economc consequences (Hogan, et al., 2000; 

Hirsc]unan & Rindfuss, 1980) 
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Age at first birth l1as been defined as the age in years at which a woman commences 

cl1ildbearing and ''is an important detenninant of the overall level of fertility as well as the health 

and \Velfare of the mother and child'' (NPC [Nigeria] andICF International, 2014). Insight into age 

at first birth provides could provide a baseline for also measuring use of contraceptives and 

fertility. In studying the association between age at first birth and knowledge of contraceptive 

methods among Yoruba Women i11 Nigeria, Oyefara (2012) found that knowledge of contraceptive 

methods was significantly higl1er among older mothers than adolescent mothers. However, one of 

tl1e challenges with his finding was to completely attribute the knowledge of family planning 

methods to \Vhether a mother was older or adolescent without accounting for other sources of 

variation such as urban-rural divide, educational attainment, religion, and his work did not also 

capture sources of info1mation about family planning. On the other hand, Gbaroro & Igbafe (2002) 

have found that older women have better attitude and attend ANC better than the teenage mothers. 

Low ANC attendance could be as a result of the fact that the teenage mothers were trymg to avoid 

stigmatization due to early pregnancy and/or pregnancy occuring earlier than expected. On the 

other hand, women that gave birth later than 35 years have been found to be at high nsk of cervical 

incompetence at delivery, malaria, prete1·m labour, and fibroid (Lisonkova, et a]., 2010; Gharoro 

& lgbafe, 2002). 

Age at fust birth not only influences a \VOmans cummulative fertility or children-ever-born 

(Ga ya wan & Adebayo, 2013 ), bLJt also has broader implications for \vomen 's roles and social 

change in general (Hirschman & Rindfuss, 1980), as ,veil as biolog1cal, medical and economic 

factors (Feyisetan & Bankole, 2002; Hogan, et al., 2000). Several parts of the \Vorld have 

expenenced a rise in timing of first marriage and, hence, there 1s expected shortened timing off irst 

• 

marital birth (MacQuarrie, 2014). As mentioned earlier, later timing of first birth due to postponed 
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first marriage, prolonged educationaJ attainment, career puisuit in lieu of family life and so on are 

more of individual level factors that affect age at first birth with little or no community level effect. 

Tl1is is supported by the findings of Ga ya wan & Adebayo (2013), \vho found that ''variation in age 

at first birth in Nigeria is dete11nined more by individual household than by commuruty, although 

substantian geographical variations in timing of first birth also exist''. Hence, 1-lirschman & 

Rindfuss (1980) rightly noted that a woman's fertility is actualy an outcome of a series of 

behaviours, decisions, and events that may span the childbearing period of the woman. 

Median age at frrst birth in Nigeria has changed significantly over time. Median age at first 

birth among women of reproductive age was 20.4 years in 2008 and 20.2 years in 2013 (NPC 

[Nigeria] and ICF International, 2014; NPC [Nigeria] and ICF Macro, 2009). 

2.2.3.1. Deter111ina11ts of age at first birth 

Prominent among the dete1minants of age at first birth is age at first marriage (Agbim & Ikyemum, 

2013). It has been observed that delayed marriage is also a way to delay childbearing especially in 

cultures where non-marital childbearing is rare, such as India (MacQuarrie, 2014; Amin & 

Bajracharya, 2011). From Nigeria DHS 2013, it was observed that median age at frrst birth 

increased with level of education and women with no education had their fust birth four years 

earlier than women with secondary education (NPC [Nigeria] and ICF International, 2014). 

2.2.4. First sex-first marriage interval 

Subaiya & Johnson (2008) have argued that age at first marriage should not be the focus of analysis 

on reproductive health concerns but rather the gap in years bet\veen sexual debut and marriage. 

Understanding what happens 1n the lives of women bet\veen sexual debut and marriage could 

provide insight into women's reproductive l1ealth as \Vell as \vhat happens to these \Vomen in the 

• • 

interim. Subaiya & Johnson (2008) hypothesized that \Vomen that have longer i11terval bet\veen 

sexual debut and marriage are at nsk of multiple sexual partners For commun1t1es \\'here pre-
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marital sexual intercot1rse is not prescribed the interval between sexual debut and maniage may 

be negligible, as age at sexual debut is cultural-specific and not easily influence by external factors 

(Subaiya & Johnson, 2008). 

Subaiya & Johnson (2008) in studying factors associated with the interval between age at 

first sex and first maniage assumed a nor1na] distribution for the interval and, hence, fitted it to an 

ordinaly least square regression (OLS). No attempt was made to fit the variable into a probability 

distribution before multivariate analysis. It has been earlier pointed out that age variables from 

homogenous groups are usually skewed. Their study fwther showed that the factors that affect the 

interval bet\veen first sex and first marriage include having a birth prior to first union, irutiating 

sexual activity while still in school, number of lifetime partners, terminating a pregnancy, and 

practicing contraception, which are associated with longer intervals of sex debut and marriage, and 

hence longer interval of premarital sexual activity. 

2.2.5. First sex-first birth interval 

There is dearth of literature that focuses on the interval between frrst sex and first birth. This is so 

because most studies focused much on the interval between first marriage and first birth, perhaps 

assuming that most birth take place within the neighborhood of marital union or other long te1m 

cohabitation. Gayawan & Adebayo (2013) have described age at first birth and age at frrst sex as 

better indicators of the onset of sexual exposure than age at first marriage given the presence of 

pre-marital sexual intercourse \Vhich is becoming increasingly more common in the Nigerian 

culture. For instance, they mentioned the study of Orubuloye, Caldwell and Caldwell (in Gaya\van 

& Adebayo, 20 l 3) which was carried out in Ekiti State, Southwest Nigeria, \Vhere is \Vas found 

that four-fifth and two-thirds of women from urban and rural areas, respectively, did not marry as 

• • 

virgins. Finer and Philbin (2014), in presenting their ,vork on the intervals behvecn successive 
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• 

marital sexual intercourse is not prescribed the interval between sexual debut and marriage may 

be negligible, as age at sexual debut is cultural-specific and not easily influence by external factors 

(Subaiya & Johnson, 2008). 

Subaiya & Johnson (2008) in studying factors associated with the interval between age at 

first sex and first marriage assumed a normal distribution for the interval and, hence, fitted it to an 

ordinaly least square regression (OLS). No attempt ,vas made to fit the variable into a probability 

distribution before multivariate analysis. It has been earlier pointed out that age variables from 

homogenous groups are usually skewed. Their study fm1her showed that the factors that affect the 

interval between first sex and first marriage include having a birth prior to first linion, initiating 

sexual activity while still in school, number of lifetime partners, te1minating a pregnancy, and 

practicing contraception, which are associated with longer intervals of sex debut and marriage, and 

hence longer interval of premarital sexual activity. 

2.2.5. First sex-first birth interval 

There is dearth of literature that focuses on the interval between frrst sex and first birth. This is so 

because most studies focused mucl1 on the interval between first marriage and frrst birth, perhaps 

assuming that most birth take place within the neighborhood of marital union or other long te1 m 

cohabitation. Gayawan & Adebayo (2013) have described age at first birth and age at first sex as 

better indicators of the onset of sexual exposure than age at first marriage given the presence of 

pre-marital sexual intercourse which is becoming increasingly more common in the Nigerian

culture. For instance, they mentioned the study of Orubuloye, Cald,vell and Cald,vell (in Gaya,van 

& Adebayo, 2013) which was earned out in Ekiti State, Soutll,vest Nigeria, \vhere is \Vas found 

that four-fifth and two-tl1irds of women from urban and rural areas, respect1,1ely, did not marry as 

• • 

virgins. Finer and Philbin (2014), in presenting their ,vork on the intervals bet\veen successive 
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reproductive health milestones provided insight into the interval between age at frrst sex and age 

at frrst contraception and not exactly first birth. 

For the purpose of this study, the interval between sexual debut and first birth will be 

defined as the number of years that had elapsed between the two events. Measuring the event in 

years as a result of the fact that fust, the study focuses on the events more as a public health concern 

than reproductive health issue. Second, because the data that used for the study does not measure 

capture the interval in months and third, because of the possibility of pre-mantal births as well as 

dela.yed birth due to deliberate contraception or any other physiological issue. Hence, the interval 

between first sex and first birth for married women that had their first sex and first birth same year 

as frrst marriage will be measured as zero while others will be measured as positive whole 

numbers. More insight into this is provided in Section 3 .6 of methods. 

2.2. 6. First marriage-first birth interval 

The interval between fust marriage and first birth has been defined as '�length of  time in 

months between an individual's time of first marriage and the timing of the birth of their first

child'. (Amin & Bajracharya, 2011 ). 

Several studies have been carried out on marriage and first birth interval but there is dearth 

of info1111ation on the modelling of marriage and first birth (Shayan, et al., 2014), as a lot of studies 

have focused mainly on birth spacing (Amusan & Mohd, 2014), which is also of utmost public 

}1ealth and demographic concern. The definition of marriage and first birth interval precludes births 

that are less than 7 months into marriage (Amusan & Mohd, 2014), as this \vould not imply 

conception before marriage. 

Study by Amusan and Mohd (2014) sho\ved that the interval bet\veen marriage and first 

• • 

birth is best modelled using parametnc distnbut1ons. In their study, inverse Gaussian, Log-log1st1c, 

Weibull, and Burr Type Xll \Vere used to model marriage and first birth interval and it \vas 
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observed that Inverse Gaussian had the best fit for the interval. Shayan et al. (2014) used Log

logistic and Generalized Gamma to model marriage and first birth interval. 

2.2. 7. Importance and relevance of the intervals 

Finer & Philbin (2014) have said that women's and men's lives contajn a number of milestones 

that mark changing life stages with different health and social needs. They further showed that 

'·specific events, such as the initia1ion of sexual intercourse and the completion of childbearing, 

often mark the beginning or end of stages during which different needs predominate. For example, 

menarche marks the beginning of the biological capacity to bear children, and first intercourse 

(coitarche) marks the beginning of the period of risk for pregnancy and sexually transmitted 

diseases. First marriage closes a period at wluch an individual is at risk for a nonmarital birth, 

although risk for sexually transmitted infections still exists if individuals have other partners." 

MacQuarrie (2014) noted that ''as women 's age at man·iage increases, prior research directs 

us to expect a shorter first marital birth interval''. St1baiya & Johnson (2008) also observed that 

,�,vhile the factors associated with age at first marriage have been well-researched, what is lacking 

is an understanding of what factors are associated with longer intervals and ,vhat the implications 

of those factors might be for ,vomen 's health and ,velfare''. Finer & Philbin (2014) further indicated 

that ''ordering the median ages at \vhich these events occur can be helpful for understanding how 

individuals progress througl1 these stages, and also enables us to compare various subgroups on 

the events of interest. Generational differences in the time bet\veen these events, their order, and 
• 

their frequency are important markers of social change that allo,v us to track and predict 

demographic trends, economic and societal ineqt1ality, and changes in social nor111s''. Long average 

interval between sexual debut and first n1arriage have been hypothesized as key factor dnving the 

spread of HIV (Johnson, et al., 2009), especially 1n countries of Southern Africa, \Vhere marriage 

tends to occur relatively late. Although tl1e underlying assumption is that ma1iage 1s protect1ve of 

19 

•
• 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



spread of HIV. Finer & Philbin (2014) have also suggested that having insight into the gap between 

first sex and first use of contraception, as it may represent a period of heightened vulnerability to 

unintended pregnancy. 

In describing the relationship bet\veen the health markers or reproductive events and their 

intervals, Finer & Philbin (2014) used the diagram below: 

Women 
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Figure 2.2-1: ''Current'' median ages at reproductive events (i.e. median age at event for 

most recent cohort for ,vhom data are available) 

Source: (Finer & Philbin, 2014) 
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spread ofHN. Finer & Philbin (2014) have also suggested that having insight into the gap between 

first sex and first use of contraception, as it may represent a period of heightened vulnerability to 

unintended pregnancy. 

In describing tl1e relationship between the health markers or reproductive events and their 

intervals, Finer & Prulbin (2014) used the diagram below: 
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Figure 2.2-1: ''Current'' median ages at reproductive events (i.e. median age at event for 

most recent cohort for ,vhom data are available) 

Source: (Finer & Philbin, 2014) 
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Using NDI-IS 2013 data, median age of reproductive events is as presented in Figure 2.2-2.

Sit1ce the n1argin between sexual debut and first marriage is on the average 6 years for men, there 

is an increased risk of multiple sexual partners and sexual encounters, STis and HIV/AIDS, and 

unwanted pregnancies. This is not too different for the women, as the wider the interval between 

sexual debut and first birth, the indication exists for contraception, multiple sexual partr1ers and 

sexual encounters and unwanted pregnancies. 

Age at 
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Figure 2.2-2: Median age at reproductive events 

Data Source: (NDHS, 2013) 
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Using NDHS 2013 data, median age of reproductive events 1s as presented in Figure 2.2-2. 

Si11ce the n1argin between sexual debut and first marriage is on the average 6 years for men, there 

is an increased risk of multiple sexual partners and sexual encounters, STis and HIV/AIDS, and 

unwanted pregnancies. This is not too different for the women, as the wider the interval between 

sexual debut and first birth, the indication exists for contraception, multip]e sexual partners and 

sexual encounters and unwanted pregnancies. 
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Figure 2.2-2: Median age at reproductive events 

Data Source: (NDHS, 2013) 
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2.3. Previous studies on tl1e sexual behaviour markers 

Numerous studies have been conducted on age at frrst sex, age at first birth, and age at first 

marriage; and few studies have also considered the intervals bet\.vee11 them. However it is almost 

rare to fmd studies that have shown much interest in the instantaneous probability of this event 

occuring given a specific age i.e. distribution of the baseline hazard, since it is easy eschew this 

ass11mtpion once the Cox proportiona] hazard model is used for analyzing such data. Cox 

proportional hazard model is a semi-parametric statistical method that assumes no probability 

distribution for the hazard of debut; and hence, has found a wide range of applicability. Most of 

the studies on these sexual behaviour markers have employed semi-parametric methods for 

analyses. 

On the other hand, all the sexual behaviour markers are time-to-event variables which can 

be fitted using models that evaluate survival time. Datwyler & Stucki (2011) have shown that 

survival time follows a distribution and several authors have shown that time-to-event variables 

follow five main statistical distributions namely: exponential, log-norinal, Weibull, generalized 

gamma, and log-logistic distributions (Shayan, et al., 2014; Atuhaire, 2011; Dat\vyler & Stucki, 

2011; Rodriguez, 2010). Provided the assumption of a probability distribution for smvival data is 

valid, parameters estimation is more precise and inferences based on such assumptions will be 

more reliable (Amusan & Mohd, 2014; Shayan, et al., 2014; Collet, 1994). Shayan et al. (2014) 

also pointed out that with the parametnc models, one can plot a descnption of the hazard rate of 

Jive birth over time and we can also measure the direct effect of the explanatory variables on the 

survival time instead of hazard. 

2.3. 1. Modelling sexual bel1aviour n1arkers 

It was suggested by Zaba el. al. (2002) that the most appropriate method for esllmating n1edian

age at firSt sex fron1 censored observation is survival analysis, when no assumption is made about 
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the probability distribution for the variable while maximum likelihood estmation l1as been used 

.. 

when asst1mption of probability distribution is valid. They further indicated that among several 

n1easures that could be used to sun1Illarize the distribution of age at first sex, the median and 

interquartile range are possibly the best simple measure that capture location and shape of the 

curve. This also applies quite logically to age at first marriage and age at first birth, the three, being 

time-to-event variables with possibility of censoring. 

2.4. Survival Analysis and Survival Functions 

Survival analysis is a branch of statistical methods that deals with analyzing data that correspond 

to a welJ-defmed time origin to the occurece of an event of interest. This branch of statistics 1s 

quite unique and not amenable to standard statistical procedures basically because of the nature of 

the data which ususally have the following special features: 

l. Not symmetrically distributed: survival times obtained from similar individuals with similar

characteristics tend to be positively skewed and as a consequence, statistical methods that 

assume a no1 mal distribution, such as the ordinary least squares and methods for comparing 

means, cannot be used to analyze such data. 

2. Censoring: The survival time of an individual is sajd to be censored if the event of interest had

not been observed for that individual, ,vhich could be as a result of the individual droppmg out 

of a study, or the event occurred before the study commenced of after the study had ended in 

a log1tudinal study. Most standard statistical procedures that may account for ske\vness may 

not account for censonng. 

Survival analysis finds applicability in a very \v1de range of human endeavour including 

• epidemiology and biology (surival times), engmeering (failure tin1e), medicine (treatment effect

or drug efficacy) (Weinken, 2007), quality control (lifetime of a con1ponent), credit risk modellmg 

23 

•

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



in fmance ( defaJt tin1e of a f1rrn) (Fan & Jiang, 2008), as well as in demographic Stu.dies including 

fertility (age at marriage, duration of marriage, interval between successive births), mortality 

(lengtl1 of life) and migration ( duration of stay on a job or a city) (Rodriguez, 2010). 

2.4.1. Statistical functions of the survival data 

Let T be a non-negative random variable representing the \Vaiting time unto the occurrence of an 

event. Without loss of generality, we shall refer to the waiting time as survival time and the event 

of occurrence shall be referred to as ··debut''. Suppose T has a probability density function (pdf) 

f(t) and cumulative distribution function (cdf) F(t} = Pr{T<t}, provided that debut has occurred 

by duration oft. F(t) is the probability that debut occurs any time before or at time t. 

2.4.1.J. Tl,e survival fi111ction 

The probability that debut has occurred after the time t, then we have the probability that debut has 

not occurred up to time t as the survival function given as: 

co 

S(t) = Pr{T � t} = 1 - F(t) = f(x)dx 

t 

2.4.1.2. Hazc1rd fi111ctio11 

Equation 2.4-1 

The hazard function 1s def med as the probability that an individual debuts as time t provided that 

s(he) has survived until that time. It is the instantaneous debut rate for an individual having 

survived to time t, ,vritten as: 

Pr{t :5 T :5 t + dtlT � t} 
h(t) = Jim 

d dt-+0 t

• 

Equation 2.4-2 

• 
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The numerator of tl1e equation is the conditional probability that debut occurs in the interval 

[ t, t+dt) give.n tl1at it had not occurred before while the denominator is the width of the interval. 

Taking limits as dt •O, we have the instantaneous rate of occurrence. 

Writing the hazard function in te11ns of a conditional probability, we obtain: 

Pr{t�T<t+dt} 
/i(t) = 

Pr{T � t} ' 

and from the defmitions of the cumulative probability distribution function of T, F(t), and 

survival function, S(t), we have that 

F(t + dt) - F(t)
/1(t) =

S(t) 

Now, taking limits on the numerator, we have the derivative of the probability density 

function,f(t), hence, we have the relationship: 

h(t) =
f (t) 

S(t) Equation 2.4-3 

This goes on to sho\vs tl1at ''the rate of occurrence of the event at duration t equals the 

density of events at t divided by the probability of surviving to that duration without expenencmg 

the event'' (Rodriguez, 2010). The equation in1plies thatj{t) = S(1)J1(1). This relat1onship forms the 

basis for evaluating survival data, as one can easily obtain the other functions given at least one of 

the functions. Also, the cumulative hazard function is given by: 

H(t) = h(u)du = -log{S(t)} 

0 

Equation 2.4-4 

The survival function and hazard function are estimated from the observed survival times. 

There are both parametric and non-parametric methods of estimating the surv1\1al functions. 
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Commonly used non-parametric methods are the life-table approach and the Kaplan-Meier method 

but tlus current study focuses on the parametric n1ethods, whjch are discussed forthwith. 

2.4.2. Parametric survival distributions 

Parametric models have been suggested as standard tools for the analysis of survival times because 

they are flexible for obtaining relative effects, absolute measures of riks, and for extrapolation 

(Crowther & Lambert, 2013). S11rvival data are assumed to follow a number of distributions 

including exponential, log-no11nal, Weibull, Inverse Gaussian, Log-Logistic, Gompertz

Makeham, Gamma, Generalized Gamma, Generalized F and the Coale-McNeil Model for fitting 

age at first marriage (Rodriguez, 201 O); and four of these distributions - exponential, Weibull, 

logno1mal, and log-logistic distributions, which have been identified as very relevant to modelling 

age variables (Atuhaire, 2011; Weinken, 2007) are discussed here. 

2.4.2.1. Exponential distrib11tio11 

The exponential distribution has been described as the simplest of the parametric survival models 

that assumes constant risk of death over time (Weinken, 2007). The probability density function 

of the exponential distribution is of the for1n: 

Equation 2.4-5 

For O :::; t :::; co 

It assumes that the hazard of death is constant over time hence, the hazard function is of 

the for1n: 

h(t) = A 

and the survivor function 1s of the fonn: 

• S(t) = e-.:tt 

Estimate of the pt/1 percentile 1s of the fotrn: 
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.. 1 100 
t(p) = 1 Iog

/l 100-p

A 1najor limitatio.n of the exponential function is the assumption of constant hazard rate 

and hence, does not account for previous knowledge of survivorship if a person had survived up 

• • 

to a given time, say to.

2.4.2.2. Weib11// distribi1tion 

The Weibull distribution, introduced by Waloddi Weib·ull in 1939 (Weinken, 2007), is a 

generalization of the exponential distribution with probability density function of the for1n: 

f (ti A, y) = JytY-1 e-J.tY 

Where}� is the scale parameter and y is the shape parameter. 

For O < t < oo 
- -

The hazard function and survivor functions are of the fot 1n: 

h(t) = JytY-l 

S(t) = e-ltY

Estimate of the pt/1 percentile is of the for 111: 

11�.. 1 100 , 
t(p)

=

I
10g 100-p

E ( l ti , 1 t it , 11 2 . 4-6 

The shape of the Weibull distribution depends on the value of y, called the shape parameter 

\vhile).. is the scale parameter. In partict1lar case \Vhere y = 1, the hazard function takes a constant 

value and the survival times have an exponential distribution. The Weibull hazard function 1s 

monotonic and, therefore, cannot account for situations 1n ,vhich the hazard function changes. 

Assumptions of a Weibull proportional hazards model includes a monotonically increasing or 

decreasing baseline hazard rate (Crowther & Lambert, 2013 ). 
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2.4.2.3. Log11or111a/ distrib11tio11 

A random variable T is said to have a lognorma] distribution with scale parameters µ, shape 

parameter u, and location parameter 0, if IogT has a norrr1al distribution with mean }l and variance 

a1. The pdf of a logno1mal distribution is given by (NIST/SEMATECH e-Handbook of Statistical 

Methods, 2013 ): 

1 (log(t - 0) - µ)2

f (t) = CJ..fiii t-1exp -
2CJ2 

For O $ 0 $ t $ co; µ, er > 0.

Tl1e hazard function and st1rvivor functions, respectively, are given by: 

and 

1 <P logt 

h( t) =
_t_C5 ___ C5_ 

- logt

-log t
S(t) = 1 - <P 

I·-<111�,,i,tr1 2.4- -

Where <f> and <I> are the pdf and cdf of the norrnal distribution respectively. 

Estimate of the pth percentile of the logno1111al distribution is obtained from 

(Krishnamoorthy, et al., 2014): 

t(p) =exp(µ+ z
p
a) 

Where z
p 

is the pth percentile of the standard no1111al d1stribut1on. 

2.4.2.4. Log-logistic llistrib11tio11 

A random variable Tis said to have a log-logistic distribution ,vith parameters 0 and K if log T has 

� log1st1c distribution. The pdf of the log-log1stic distnbution.is symmetric distnbut1on and similar 
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to that of the no1mal distribution. The probability density function of the log-logistic distribution 

is the function: 

f(tl0,K) 
= 

e-8Kt1<-12

(1+e-8t") 
With parameters 0 and K; t � O 

The hazard function and survivor function are given by: 

eeKtK-1 
h ( t) = 

-1 +_e ___ e t-1( 

Estimate of the pth percentile is of the fo11n: 

A 100 - p 
t(p) =

peB

1/R 

1--:c1u�ttic,11 2.4-8 

Collet ( 1994) \Vas quick to point out that the hazard and survivor functions of the gamma 

and lognormal distributions can only be expressed in te1n1s of integrals \Vhich gives them 

considerable disadvantage and hence, unsuitable for general use. On the other hand, in vie\v of the 

similarity between the norinal and logistic distributions, the logno1n1al distribution will tend to be 

similar to the log-logistic distribution. Sunilarly, the gamma and Weibull distributions will 

generally lead to similar results. The works of Leemis and McQuestion (2008), Song (2005), 

Abdelkader & Al-Marzouq (20 I 0) and Cook (20 I 4) provide very comprehensive insight into the 

reparameterization and relationships among probability distributions. Hence, the exponential and 

Weibull distributions have found more applicability among statisticians than the other 

distributions, especially because of the ease of the 1nterpretab1l1ty of their hazard functions 

(Weinken, 2007). 
• 
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2.5. Fitting the Sur·vival Distribution 

In order to investigate that a given data fits a probability distribution, two methods have 

been proposed whicl1 are graphical 1nethods and analytical methods (Al-Fawzan, 2000). 

2.5.1. Graphic methods of estimating distribution estimates 

Graphical methods include probability plotting, hazard plotting, and cumulative hazard 

plots. 

2.5.1.1. Probability plotting tec/11,ique 

A probability plot has been described as a graphical method of investigating if sample data 

conform to a distribution (Simeon & Khalid, 2014). Given the probability density function/(!) of 

a given censored data with cumulative distribution function F(t). The aim of the probability 

plotting method is to fit the cumulative function into a straight line graph using double-logarithmic 

transfo1mation. For instance, the cumulative distribution function of the two-parameter Weibull 

distribution if given as: 

F(t) = 1 - e -(£)
P

Equation 2.5-1 can be re-written as: 

1 (.!.)p ---=ea 

1 - F(t) 

F..c1uaricJn 2.5-1 

l. 
. , - ., �llll:\tlOJl -·='--

Taking double loganthm1c transfo11nat1on of the Equation 2 5-2 we have the equation of a 

straight line: 

1 
In In 

1 - F(t) 
=Pina-Plnt 

To plot F(t) versus t, ·,ve apply the follo\vrng procedure: 
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1. Rank failure times in ascending order

2. Estimate F(t,) of the jth failure

3. Plot F(t;) versus tin the Weibull probability paper.

To estimate F(t;) in (2 and 3) above, we may use one of the following methods presented 

in Table 2.5-1. 

Table 2.5-1: Methods of estimating cumulative density function of a \Veib11ll distribution 
using probability plotting 

Method F(t,) 

Mean rank 
L 

n + i 

Median rank 
i - 0.3 

n + 0.4 

Symmetrical CDF 
i - 0.5

Source: (Al-Fawzan, 2000). 

2.5.J.2. Hazard plotting tec/111iqi1e 

This estimation procedure for the Weibull parameters is done by plotting hazard function 

H(I) against fai)ure times on a hazard paper or a simple log-log paper (Al-Fa\VZ� 2000). The 

hazard function for a two-parameter Weibu)l d1stnbution is given by: 

h(t) = !!. -
a a 

t p-1

Equation 2.5-4 

Where a is the scale parameter and P is the shape para,neter and t is failure time; and tl1ey. 

are all non-zero The cumulative hazard function is given by.
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H(t) = h(x)dx =
0 0 

a a 

{J-1 
t p 

dx= -

Equation 2.5-5 is transforn1ed by taking logarithms as follows 

In H(t) = P{1n t - ln a}

1 
Int= 

p
lnH(t) + Ina 

Equation 2.5-5 

Equation 2.5-6 

From Equation 2.5-6 we can plot lnH(t) versus lnt using the following procedure: 

1. Rank the failure times in ascending order

2. For each ·failure, calculate llHi =
1 

(n+l)-1 

3. For each failure, calculate Hi = flH1 + flH2 + ··· + llHi

4. Plot In H versus lnt.

5. Fit a straight line.

Upon completing the plotting, the estimated parameters will be as follows:

AtH = 1 a = I 
' 

2.5.1.3. Log cun,ulative lzazard plotti11g 

The work of Collet (1994, p. 200) is discussed here. Given the survival function of a 

Weibull distribution with scale parameter, p, and shape parameter, a, \Ve have 

Taking double loganthmic transfo1 rnation of Eqt1at1on 2.5-7, \Ve have 

log{-log S(t)} = log /3 + a log t 

• 
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Equation 2.5-8 is linear equation of a straight line of log{-log S(t)} against log t
, 

with 

intercept log P and slope a. Recall that, the survival function and the cumulative hazard function 

are related thus: JogS(t) = -H(t), hence, Equation 2.5-8 can be re-written as: 

logH(t) == log,B + a log t I·:< I l I .. t l i c a 1, 2 . 5- ') 

Which is the log cumulative hazard function equation. Plotting log H(t) against log (t) could 

be used to estimate the Weibull parameters. The estimates could be read off the log cumulative 

hazard plot or fit the model to an ordinary least squares linear regression equation of a straight 

line. 

2.5.2. Analytical methods 

There is much chance for error when reading off parameter estimates from graphs using the 

graphical methods for parameters estimation, hence, the analytical methods are preferable (Al

Fa\vzan, 2000; Collet, 1994). Analytical methods for estimating Weibull parameters include 

method of moments (MOM), method o·f ordinary least squares (OLS), method of maxim11m 

likelihood estimation (MLE) (Crowther & Lambert, 2013; Bartkute & Sakalauskas, 2008; Lei, 

2008; Al-Fawzan, 2000) and the iterative generalized least squares (lGLS) implemented in 

MLwiN and penalized quasi likelihood (PQL) (Stewart, 2010). The method of maximum

likelihood estimation is the most common method used for estimating censored observations (Lei, 

2008; Al-Fawzan, 2000) and has the advantage of handling unbalanced data and produces positive 

variance estimates always (Albright & Marinova, 2010) and �tis as)mptotically the most efficient 

method'' (Lei, 2008). Although Lei (2008), who compared the estimation of the three 

aforementioned methods of parameter estimation for three-parameter Weibull d1stnbution for the 

Chinese pine, concluded that the MOM is lhe best method of est1mat1ng the \Ve1bull parameters 

• 

based on the method with lower means square error (MSE), which \\'as corroborated by the 
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• 

• 

simulation study of Al-Fawzan (2000); however, Al-Fawzan, went further to show that MLE has 

lo\ver computing time compared to MOM. Hence, MLE is described in the next section. 

2.5.2.1. Metl,od of 111axi11111111 likelil,ood esti11,ation (MLE)for esti111ating Weibull para,neters 

We shall refer to the works of Crowther & Lambert (2013) in discussing this section. The log

likelihood contribution of the ith respondent, allowing for right censoring and delayed entry (left 

truncation), using the relation f (t) = h(t)S(t), can be wrinen as 

l; = log 

Equation 2.5-10 

By substituting Equation 2.4-4, this becomes 

h(u)du 
Equation 2.5-11 

Hence, fron1 Equation 2.5-11, the task is to maximize the likelihood function given the 

hazard function. The maximization is done using numerical quadrature to evaluate the cumulative 

hazard (Crowther & Lambert, 2013). 

2.6. Some gaps observed in literature 

There have been several attempts by several authors to describe age at first sex, age at first marriage 

and age at first birth as well as their intervals using different stat1st1cal techniques but there is 

paucity of info11nation on the distnbution of the baseline hazards of these vanables Specifically, 

none of these studies provided info11nat1on on their respective instantaneous probability of 

occurrence given a person's age or tin1e 1nter:val. This 1s so because the variables are usually fitted 

• 

into the Cox proportional hazard models (Oyedokun & Odumeg,vt1, 2013; Adebo,vale, ct al., 2012; 
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Chandrasekhar, 20 IO; Lofstedt, et al., 2005), which does not assume a probability distribution for

baseline hazard. Cox proportional hazard models assume that time is measured on a continuous

scale and based on proportional l1azards (Gayawan & Adebayo, 2013), therefore, the Cox PH
• 

models I1ave been identified as the most popular survival model (Crowther, et al., 2014). Amusan 

and Mohd (2014) used four parametric distributions, including Weibull and log-logistic, to fit first 

marriage and first birth interval with an emphasis on the inverse Gaussian providing the best fit. 

However, their work did not provide focus on the hazard function of the interval and Leemis and 

McQuestion (2008 , p. 4 7) have showed that the Weibull distribution is amenable to the inverse 

Gaussian through indirect parameterization. 

Also these variables have been fitted separately into proportional hazard models without 

accounting for communjty-level influences on the variables and where the community-level 

influences were accounted for, the time-to-event properties were expunged (Olalekan, 2008; 

Ngalinda, 1998). S ubaiya & Johnson (2008) assumed a no1111al distribution for the length of time 

between age-at-first-sex and age-at-first-marriage by fitting an ordina.ry least square (OLS) lmear 

regression but OLS estimation does not account for the multi-level structure in data collected and 

produces less precise estimates of the standard error (Angeles & Mroz, 2001). Angeles & Mroz 

(200 l) also noted that described the MLE procedure as the most unbiased estimator. Further1nore, 

inferences based on assumption of a particular probability distnbut1on, even for ske,ved vanables, 

are more precise if the assumption is valid (Colle� 1994). 

When the survival data 1s assumed to be 1nfluenced by covanates, then parametnc and 

nonparametric or semi-paramteric methods have been proposed to model such data. 1,1, An important 

problem in survival analysis 1s how to model well the conditional hazard rate of failure times g,,,en 

.. 

certain covariates, because it involves frequently asked questions about ,vhether or not certain 
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independent variables are correlated with tl1e survival or failure times'' (Fan & Jiang, 2008).

Rodriguez (2010) proposed four models which included parametric families, accelerated life 

model, proportional hazards model, and proportio·nal odds. Hogan, Sun, & Conrwell (2000) used

the Weibull hazards regression model to estimate the timing of first sexual intercourse and timing

of first pregnancy. 

Arnusan & Mohd (2014) fitted paramtric models to first birth interval among women of 

reproductive age in Nigeria using Inverse Gaussian, Log-Logistic, Weibull and Burr Type XII 

models. Non-parametric method was also considered for comparison and Inverse Guassian was 

favoured in the end, using the lowest Akaike lnfo11nation Criteria for model selection and fitted 

with Maximum Likelihood estimation method. However, the gap in their work is that there is no 

infor1'!1ation with regards to the values of the parameter estimates using the assumed distributions 

and neither did they compare the compare the no11nal distribution, which would further confirm 

or question the work of Subaiya and Johnson (2008) for fitting the interval between t\.vo skewed 

distributions. 

2.7. Types of data used for sexual behaviour markers 

Nationally representative data sources have always been used to study age at first sex, age 

at first marriage, age at first birth, as well as their intervals. For instance, several authors have used 

data from demographic and health surveys for different countries including Cameroun (Subaiya & 

Johnson, 2008), Nigeria (Gaya\van & Adebayo, 2013; Aremu, 2013; Adebo\vale., et al., 2012; 

Olalekan, 2008), Tanzania (Ngalinda, 1998), six Afncan countries (Zaba, et al , 2004), Malawi 

(Ueyama & Yamauchi, 2009); and other kinds of nationally representative data such as Natio11al 

Family Health Survey in India (Chandrasekhar, 2010), National Survey of Family Gro\vth in the 
• 

United Slates (Finer & Philbin, 2014), and India Human Developemnt Survey (MacQuame, 2014). 
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independent variables are correlated with the st1rvival or failure times'' (Fan & Jiang, 2008).

Rodriguez (2010) proposed four models which included parametric families, accelerated life 

model, proportional hazards model, and proportional odds. Hogan, Sun, & Cornwell (2000) used

the Weibull hazards regression model to estimate the timing of first sexual intercourse and timing

of frrst pregnancy. 

Amusan & Mohd (2014) fitted paramtric models to first birth interval among women of 

reproductive age in Nigeria using Inverse Gaussian, Log-Logistic, Weibull and Burr Type XII 

models. Non-parametric method was also considered for comparison and Inverse Guassian was 

favoured in the end, using the lowest Akaike Inforn1ation Criteria for model selection and fitted 

with Maximum Likelihood estimation method. However, the gap in their work is that there is no 

info11nation with regards to the values of the parameter estimates using the assumed distributions 

and neither did they compare the compare the not n1al distribution, \Vhich would further confirm 

or question the work of Subaiya and Johnson (2008) for fitting the interval between t\vo skewed 

distributions. 

2.7. Types of data used for sexual behaviour markers 

Nationally representative data sources have always been used to study age at frrst sex, age 

at first marriage, age al first birth, as well as their intervals. For mstance, several authors have used 

data from demographic and health surveys for d1ff erent countries including Cameroun (Subaiya & 

Johnson, 2008), Nigeria (Gaya\van & Adebayo, 2013; Aremu, 2013; Adebo\vale., et al., 2012, 

Olalekan, 2008), Tanzania (Ngalinda, 1998), six African countnes (Zaba, et al , 2004), l\1ala\Vt 

(Ueyama & Yamauchi, 2009); and other kinds of nationally representative data such as National 

Family Health Survey in India (Chandrasekhar, 2010), National Survey of Fan11ly Gro\vth 1n the 
• • 

United States (Finer & Ph1lb1n, 2014), and India Human Developemnt Survey (l\1acQuame, 2014) 
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2.8. Summary 

Literature shows that extensive work has been done on the reproductive health/fertility markers

and several attempts have been n1ade to model the variables and their probabilities using both

parametric, semi-parametric and non-parametnc approaches for analysis of time-to-event data. It

was also shown through literature that parametric estimation of distribution estimates are favoured 

over other methods because they are judged as being more precise. This work, hence, focuses on 

the distribution of the hazard function of the RH events, age at first sex and age at first birth as 

well as their interval, using MLE to estimate Weibull parameters for the distribution of the baseline 

hazard. 

• 

• 
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3.0. Introduction 

Chapter Three 

Methodology 

• 

Nigeria is located in Western Africa on the Gulf of Guinea and has a total area of 923,768 

kilometer squared making it the wo.rld's 32nd largest country (after Tanzania). Nigeria is the most

populous country in Africa and represents 2.35 percent of the world's total population (Trading 

Economics, 2014). The United Nations estimates Nigeria's population in 2004 was at 131 �530,000, 

with the population distributed as 48.3% urban and 51.7°/o rural and population density at 139 

people per sq km. Fulani/Hausa, Yoruba, and Igbo are the largest ethnic groups and account for 

68% of Nigeria's population (Olalekan, 2008), Edo, Ijaw, Kanuri, Ibibio, Ebira, Nupe, Tiv and 

other minorities comprise 32%. Current population estimate is placed at l 70 million with total 

fertility rate 9 (TFR) of 5.6 births per woman compared to overall of 5.2 births per woman in 

Africa (Amusan & Mohd, 2014). 

3.1. Research design 

Cross-sectional and population-based study using data from the 2013 Nigeria 

Demographic and Health Survey (NDHS). 

3.2. Data collection techniques 

Secondary data from Nigeria Demograpl1ic and Health Survey was used for the study. Three 

questionnaires \Vere used 1n NDHS 2013 - housel1old questionnaire, ,vomen' s questionnaire, and 

men's questio11naire, and the questionnaires \Vere adn1inistered in four languages� \Vhich \Vere 

English, Hausa, Igbo, and Yoruba. The household questionnaire listed and collected 1nfo1111ation 

about usual members of and visitors to the selected households, as \Veil as and basic socio

demographic info11nation about each person. The Household Questionnaire also collected 

infor111ation about the l1ousel1old's dwelling unit such as basic an1enit1es. types of materials used 

for building, rooting, flooring, o,vnership of vanous durable goods, o,vnerslup of livestock and 

fat r11land, and ownership of long-lasting insect1c1de nets (LLINs) 
• 

Won,en 's and Men's Questionnaires collected inf or 111ation from those aged 15-49 years 

who had been identified by the Hot1sehold Questionnaires. Infor111at1on garnered included: 
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• Background characteristics (age, religion, education, literacy, media exposure, etc )

• Reproductive ru.story and childhood n1ortal1ty
• Knowledge, source, and use of farruly planning methods
• Fertility preferences

• Antenatal, delivery, and postnatal care

• Breastfeedmg and mfant f ceding practices

• Child immunization and childhood illnesses

• Marriage and sexual acuvity

• Women's \VOrk and husbands' background characteristics

• Malana prevention and treatment

• Women's decision-making

• Awareness of AIDS and other sexually transmitted mf ect1ons

• Maternal mortality

• Domestic violence

H.o\vever, the Men's Questionnaire did not include such sections as reproductive l1istory

or questions on maternal and child health or nutntion. 

3.3. Sampling techniques 

The method of data collection is as described in Nigeria Demographic and Health Survey 2013 

(NPC and JCF International, 2014). The 2013 NDHS sample was selected using a stratified three

stage cluster desig11 consisting of 904 clusters, which are tl1e primary sampling units (PSU) defmed 

on the basis of the 2006 EA census frame (NPC [Nigeria] and ICF International, 2014). Hence, it 

allo\ved for indicators to be calculated for each of the six geo-political zones, 36 states and the 

federal capital tenitory. The sampling was nationally representative and covered the entire nation, 

unlike what obtained in all NDHS before 2008. Tl1e survey sampling ·rrame of the list of 

enumeration areas (EAs) prepared for the 2006 .Population Census was provided by the National 

Population Commission. 

Nigeria is administratively divided into states, wruch are subdivided by local government 

areas (LGAs) and then communities. For the first stage, the nation \Vas stratified by separating 

each state into urban and rural areas, which provided 893 localities selected with probability 

proportional to size and with independent selection in each sampling stratum. One EA was then 

randomly selected from each identified localities, \vith equ.al probability of selection, \Vhich meant 

that more than one EA was selected in few larger localities. This also provided 904 EAs. 
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Household listing was then carried out for the selected EAs using location maps, detailed

sketch map, and recording the household listings. The resulting household listing served as the

sampling frame for the selection of the households in r.he third stage.

In the tlurd and f mal stage, a fixed number of 45 households \Vere selected in every urban 

and rural cluster using equal probability systemic sampling method. 

3.4. Study population 

The study population was women of reproductive age bet\veen 15-49 years, who had ever 

had sex. Studies on age at first sex was done for the entire study population while studies on age 

at first birth and the interval between first sex and first b1rth \Vas done for women that ever had a 

birth only. Women that ever had sex but never had sex \Vere considered left censored at their 

current age. 

3.5. Data sources 

Data for the study \Vas obtained from NDHS 2013, which is available free from the website 

ofNigeria Population Commission Data ,vas collected from 38,522 households, 38,948 individual 

women, 17,359 ind1v1dual men, and 8,658 couples (NPC [Nigeria] and ICF International, 2014). 

For tl1e purpose of tl1is study, only data from the Woman's Questionnaire relating to sexual 

bel1avior, 1narriage and births ,vas used. The following variables will be used for the analyses: 

3.5.1. Identification variables: 

Variuble Nan1e 

vooo 

VOOI 

V002 

V003 

V004 

VOOS 

VOJO 

VOI l 

V012 

V013 

Variable Label 

Country code and phase 

Cluster number 

Household number 
Respondent's line number 

Ultimate area unit 
Women's individual sample \veight (6 decimals) 

----

Respondent's year of birth 

Date of birth (CMC) 

Respondent's current age 

I Age in 5-year groups 

• 

• 

-- ----
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3.5.2. Sampling variables 

Variable Name 

V021 

V022 

V023 

Variable Label

Primary sampling unit 

Sample strata for sampling ei,ors 

Stratification used in sample design

3.5.3. Background information about the ,vomen 

Variable Name 

VIOi 

Vl 02 

Vl 06 

Vl07 

V130 

VJ 31 

Vl 33 

V149 

Yl50 

V151 

Vl52 

Vl 53 

Yl55 

Yl90 

VI 91 

Variable Label 

Region 

Type of place of residence 

l-1 ighest educational level 

Highest year of education 

Religion 

Ethnicity 

Education in single years 

Educational attainment 

Relationship to household head 

Sex of household head 

Age of household head 

I Iousehold has: telephone (land-line) 

Literacy 

\Vealth index 
Wealtl1 index factor score ( 5  decimals) 

3.5.4. Sex, n1arriage and birth variables 

Variable Nan1e 

V2 l l 

V212 

Y22l 

Variable Label 

Date of first birth (CMC) 

Age of respondent at I st birth 

Marriage to first birth interval (months) 

V302A 

YS 11 

Ever used anything or tried to delay or avoid getting pregnanl 

Age at first cohabitation 

V512 

Y513 

V525 

Y527 

Y528 

Y529 

V530 

Y531 

• 

Years since first cohabitation 

Cohabitation duration (grouped) 

Age at first sex 

Time since last sex 

Time since last sex (in days) 

Time since last sex (in months) 

Flag for V52� 

Age at first sex (imputed)

• 
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\'ariable Name 
V532 

V535 

V536 

V537 

V538 

Variable Label

Flag for V53 I 

Ever been mamed or m union 

Recent sexual activity 

Months of abstinence 

I-low previous marriage or uruon ended

3.6. Definitions of key terms, concepts and ,,ariables 

• Age-at-first-sex (AAFX): Age al \Vhtch an individual lllitiates sexual intercourse [Age at

first sex - V525] Collected on NDHS 2013 as age-at-first-sexual Intercourse. 

• Age-at-first-birth (AAFB): Age at which cluldbearing commences. This infonnat1on is

collected on NDHS 2013 as Age a First Birth. [ Age of respondent al I st birth - V212). 

• First sex-first birth interval (FXFB): Number of years benveen onset of sexual mtercourse

and age at wl1ich childbeanng commences. lt is calculated as: 

FXFB = AAFX - AAFB

However, this vanable can be very subjective because use of contraceptives and irregular 

menstrual cycle may delay birth. Also, time of first sex may not correspond with timing of frrst 

birth. Hence, ,ve ,vould have to scenarios 

l. First birth before marriage, and

2. First birth after marriage

The second scenario is v.rell taken care of, as a married woman is naturally exposed to 

sexual intercourse and marriage-first birth interval \vould take care of this. For the first scenario, 

it would only imply that ,ve are trying to measure fertility rate of the women, and we only want to 

focus on women of reproductive age (16-49 years) in the study. 

• 
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3.7. Data analysis and interpretation 

Age-at-first-sex and age-at-first-birth are time-to-event vanables and of essence, follo,v a

distribution (Datwyler & Stucki, 2011 ). Specifically, as a person gro\vs older, the susceptibility

to having sex after a certain age, say 15 years, becomes more imminent. Ustng the age 15 years as

cut-off just as it has been assumed by Zaba et c1/ (2004) and Olalekan (2008). Exploratory data

analysis and inferential statistical methods were used in the study. Three methods were proposed

by Lei (2008) and Al-Fawzan (2000) to mvestigate the survival data distnbutions namely -

maximum likelihood estimation (MLE), method of moments estimation (MOM), and least squares 

estimation (LSE) method, but MLE was used for this study. 

3.8. Ethical considerations 

Data obtained from NDHS 2013 is entirely de-identified and does not require any etlucal 

consideration at th.ts level, as all necessary ethical consideration for the data collection had been 

built into tJ1e data collect1on procedt1re (NPC [Nigeria] and ICF International, 2014). This also 

involved 1nfo1111ed consent from the participants and confidentiality 

3.9. Steps in Data Analysis 

3.9.1. Description of Population 

Starting wit11 age at first sex, there are 38948 observations of which 46.67o/o (19,345) were missing 

because tl1ey ,,,ere at their first union. 6 (0.02o/o) dor1 't k110,v and 95 (0.24o/o) ,vere missing. Hence 

another variable ,vas used in lieu which was age at first sex imputed. 

The following were excluded and declared missing because they were (i) inconsistent, 2027 

(5.2%), don't kno,v, 6 (0.02%), and missing, 95, (0.24°/o). Hence, a total of 36820 cases \Vere 

available for analysis. Comparing the values for the original values and imputed variables and the 

original variable is as shown on Table 3.9-1: 
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Table 3.9-1: Description of original and imputed age at first sex variables

Variable Observations l\1inin1um 

Age at first sex 19502 0 

Age at first sex imputed 36820 o 
Note O i1,1p/ies 1/1a11/1e respo11de11t l1ad 11ever l1ad se.,'(.

l\1aximum 

45 

46 

The variable ever had sex was further recoded into a d.ummy variable to sho\.v persons that 

had never had sex (0) and those that ever had sex (I). Hence, there \Vere 31075 (84.40o/o) women 

1l1at ever had sex in the data set and 5,745 (15.6%) that had never had sex. This work focused on

the 31075 women that ever had sex. 

3.9.2. Exploratory data analysis 

Exploratory data analysis including frequencies, measures of central tendencies and dispersion, 

histograms and density probab1l1ty plots \Vere used to describe each of the quantitative outcome 

variables. 

This section provides a description of tl1e key variables for this study. As a preamble, some 

modifications \Vere made to the data before ilie analysis commenced. For instance, Table 3.9-2 

shO\\'S tl1e distribution ot'missing values observed in the dataset. The respondent's current age had 

no missing values. Age at first sex was imputed using Multiple Imputation (MI) procedure from 

tl1e Nigeria OHS 2013 data source hence had no missing values. There are 5705 ( l 8.4o/o) missing 

values i11 Age of respondent at frrst birth \vhich \Vould correspond to the number of women who 

had never given birth. 

Jl1e interval bet\veen first sex and first birth had 5706 ( 18.4o/o) missing values, which

included the 5705 that had never had a birth and an additional respondent that had inconsistent
• 

• 

records (i.e. negative interval). Dum1ny variables were created for each variable to filter them at
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the level of analysis. Analysis was cam· d b 1 d" · · 1 
· · · d t t e y exc u mg missing va ues parrw1se 1n or er no o 

lose relevant ii1fo1·mation. 

Table 3.9-2: Distribution of missing values in the women's data

Non-missing Missing 

Number Number of 
Variable of women Percent women Percent 
Respondent's current age 

31075 (years) 100.0 0 0.0 

Age at first birth (years) 25370 81.6 5705 18.4 
Age at first sex (years) 31075 100.0 0 0.0 

Age at first sex and first birth 

interval (years) 
25369 8 I .6 5706 18.4 

• 

3.9.3. Fitting Cumulative Hazard Function of the \Veibull Distribution 

Total 

Number of 

women Percent 

31075 100.0 

31075 100.0 

31075 100.0 

31075 100.0 

This section describes how the estimates of the Weibull distribution in describing the hazard 

function were obtained. First we explore the cumulative hazard plotting method and then the 

analytical method. 

3.9.4. Checking the suitability of the Weibull distribution using the log cumulati,·e hazard 

plot 

The graphical method is used to evaluate the suitability of the hazard function to Weibull 

distribution. If the log cumulative hazard plot produces a straight line graph, then the data is 

suitable to be fitted to a Weibull distribution. First step was to obtain the Kaplan-Meier estimate 

for the survivorship function, S(t) and then substitute in tl1e equation 

log{- log S(t)) = log P + a log t Equation 3.9-1 

• 

• 
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Where a is the shape para1neter, P is the scale para,neter, and I is the time of debut. If we

can assume a Weibull distribution for the data then the st1rvivorship function estimate, S(t), will

be close to the Kaplan-Meier estimate and a plot of log {-log S(t)} against log t will be

approximately a Straight line. Recall that the expression -log S(t) is the cumulative hazard function,

H(t). The parameters were estimated using ordinary least square linear regression and the 

percentiles \vere estimated using the using the Weibull estimates 

A 1 100 
1

/a 
t(p) = -;:-log--

Equation 3.9-2 

p 100 - p

Where p = 50 for the median. 

3.9.5. Maximum likelihood estimation of Weibull parameters using stgenreg

Having established the suitability of the hazard function for a Weibull distribution, Stata stgenreg

macro (Crowther & Lambert, 2013) is a General parametric survival model used to estimate the 

Weibull  parameters. The f ollo\ving is from the release note of the macro 

''stgenreg fi ts parametric survival models using any user-defmed [log] baseline 

hazard function and uses Gaussian quadrature to evaluate the cumulative hazard 

function and consequently the survival function allo\ving the estimation of a 

parametric survival model \Vith almost any fo11r1. The [log] hazard function must 

be written in Mata code using colon operators. Each parameter defined in a [log] 

l1azard function can 1nclt1de components, \Vhereby each component can contain 

variables user-defined functions of time, restncted cubic spline functions and/or
' 

fractional polynomial funcl1ons. Time-dependent effects can be included 1n any

component as \Vell fitting as relative sun1ival models''
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The stgenreg macro enables the user to fit general parametric models by specifying any

baseline hazard function which can be written in a standard analytical for1n, and implemented

tlrrough numerical integration of the user-defmed hazard function (Crowther & Lambert, 2013).

The command used for the procedure is provided below: 

stset V531 /// Set V531- age at first sex as survival time variable 

stgenreg, loghazard([ln_lambda] :+ [ln_gamma] :+ (exp([ln_gamma))-1):*log(#t)) 
ln_lambda(NHX) /// estimate Weibull parameters 

nlcom (theta:exp([ln_gamma]_bLcons])) (beta:1/exp(-[ln_lambda]_bLcons])) 
///nonlinear combination of estimators 

estat vce Ill variance-covariance matrix 

estat ic ///estimated Information criteria 

predict haz_1, hazard ci ///predict the baseline hazard with condifence intervals 

The estimators obtained were then used to obtain estimates of the hazard function and the survival 

functio� which were plotted against times to in order to estimate the median and other percentiles. 

However, the median was also estimated analytically using Equation 3.9-2. The standard error of 

the estimated percentiles (p) were also estimated using 

t(p) { A A A 2 A A 
... }1/ 2

s. e. {t(p )} = /j ai {i2 var({])+ {]2(cµ 
- log{]) var(ci) + 2ci{](cµ 

- log{]) cov(fi/1) 

Where 

100 
cP = log log 

100 _ p 

The variances and covariance of fi and P are obtamed from the vanance-covariance matrix. 

3.9.6. ]VJultilevel modelling of interval behvccn first sex and first birth 

• 

Mu1ti-1evel modelling 1s adopted to investigate the individual- and commun1ty- level vanables that 

detei ,nine the interval between age at sexual debut and fust. Multi-level modelling 1s adopted 

because of the llierarch.ical nature of the data as described in Section 3.3 Fixed effect model \Vas 
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• 

analyzed using tl1e streg procedure of Stata while multilevel mixed effects parametric survival

analysis [stmixed] Stata Procedure (Crowther, et al., 2014) was used for the random effects

n1odeling. The release note for tl1e procedure is described as follows: 

stmixed fits multilevel mixed effects parametric survival models using maximum 

likelihood assuming a Gaussian distribution of the random effects. Adaptive or non

adaptive Gauss-He11nite quadrature is used to evaluate the likelihood. Parametric 

survival models available include the exponential, Weibull, and Gompertz 

proportional hazards models, log-logistic, log-no11nal, and generalized gamma 

accelerated failure time models, and the Royston-Parmar flexible parametnc 

survival model. The model currently supports only two level models. The random 

effects are included in the linear predictor on the log hazard scale for proportional 

hazards models, and the log time scale for accelerated failure time models. In 

particular, stmixed provides no11nally distributed frailties as an alternative to those 

implemented in streg (gamma and inverse not rnal), as well as allo\ving random 

slopes. 

The proportional hazard mixed effects model is given by: 

Where ; = I, ... ,,11 regions; J = I, .. . ,,1 observations; TIJ is the true survival ti1ne; X/j 

is the design matrix for the fixed (Level 1) effect P.; z; is the design matrix for the random

• 
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(Level 2) effects b;· /10 is the bas ·1· 1 ' e tne 1azard. The stata command for the multilevel model

1s: 

xi: stmixed V53i V212 i.Voi3 Vio2 i.V130 i.V149 V228 V302A V502 II Vo21:, dist(weibull) nolog

The description of the variable names is provided in Sections 3.5.1 to 3.5.4 above. The

interaction expansion command (xi:) was included to account for the factor variables prefixed with

''i."'. Other Stata commands for modeling are in the Appendices.

3.9.7. Level-I and Level-2 Variables

As in previous studies on the dete1111inants of age at first birth and age at frrst sex, some of 

these factors that influenced both variables were included in the study. Individual-level 

variables (fixed effect) included were \vomen's highest educational attainment, religion, 

age at first sexual intercourse, age at first birth, woman's year of birth (birth cohort), 

contraceptive use, ever terminated a pregnancy, place of residence and ever been in a union 

while the primary sampling unit \Vas included as the community-level variable (mixed 

effect). The PSU is expected to account for the geopolitical zone and state-level variation. 

3.10. Sofhvare consideration 
Descnptive and exploratory data analysis \Vere done using IBM SPSS Statistics Version 22 (IBM 

Corporation, 2013 ), while the model fining and multi-level analyses were done usmg Sta ta 12 

(StataCorp LP, 20 I 2). Kaplan Meier estimation \Vas done with the SPSS KM procedure (see syntax 

in the appendices) Microsoft® Office Excel® 2013 (Microsoft Corporation, 2012) was used to 

evaluate the percentiles and produce some of the charts. All SPSS syntaxes and Stata commands 

used for this research are included in the appendices to encourage reproducible research . 
• 

• 
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4.1. Introduction 

Cl1apter Four

Results 

Exploratory data analysis including frequencies, measures of central tendencies and dispersion,

histograms and density probability plots \Vere used to describe each of the quantitative outcome

variables. This section also provides results obtained from model fittmg into the probability

distributions using method of Maximum Likelihood Estimate (MLE). Single-level Weibull PH

model was fitted a'nd compared with single-level Cox PH. The single level models do no account 

for the fact that the data is hierarchically structured, consisting of three levels, households nested 

within clusters and nested, within states. Finally, results obtained from multi-level model fitting of 

interval between age at first sex and age at frrst birth using parametric proportional hazard models 
• 

was presented. 

4.1.1. Socio-demographic characteristics 

This section presents the socio-demographic characteristic of the \vomen in te1ms of age, location, 

marital status, region, and fertility. 

4.1.1.1. Age 

Table 4.1-1 sho\vs the description of the current ages of tl1e \vomen. Mean age \Vas 30.6 (SD=9.1)

years, which 1s slightly higher than the median age of 30 years that 1s same as the modal age. The 

minimum age was 15 years and the maxtmum age was 49 years. A quarter of the \vomen \Vere 

belo\v 23 years and a quarter were above 38 years. 

• 

• 
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Table 4 I 1 · D 
· · · - · escr1pt1on of current ages of the women

Statistics Unweighted 
Mean 30.61 
Median 30.00 
Mode 30.00 
Std. Deviation 9.10 

• 

Minimum 15.00 
Maximum 49.00 
Percentiles 25th 23.00 

50th 30.00 

75th 38.00 

4.1.1.2. Geograpliic distributio11 a11d religion 

Table 4.1-2 shows the demographic distribution of the women. More than a quarter (27%) were 

from the Northwest part of Nigeria, l 8o/o from North East, 16% from South South, 15% each from 

South West and North Central respectively while 10% were from South East. More than two-fifth 

(62%) lived in rural areas while 38% lived in urban areas. Half of the women were Muslims, 

almost two-fifth (39%) were other Christians, one-tenth ( 19%) were Catholic and less than one 

percent were Traditionalists and a neglible percentage belonged to other religions . 

• 
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Table4I-l·D · t· · · escr1p ion of current ages of the women

Statistics Unweighted 
Mean 30.61 
Median 30.00 
Mode 30.00 
Std. Deviation 9.10 

• 

Minimum 15.00 

Maximum 49.00 

Percentiles 25th 23.00 

50th 30.00 

75th 38.00 

4.1.1.2. Geographic distribution a11d religion 

Table 4.1-2 sho\VS the demographic distribution of tl1e women. More than a quarter (27%) were 

from the Northwest part of Nigeria, 18o/o from North East� 16% from South South, 15o/o each from 

South West and North Central respectively while 10% \Vere from South East. More than t\vo-fifth 

(62%) lived in rural areas while 38o/o lived in urban areas. Half of the \Vomen were Muslims, 

almost two-fifth (39%) were other Christians, one-tenth ( 19%) \Vere Catholic and less than one 

percent \Vere Traditionalists and a neglible percentage belonged to other religions . 
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Table 4.1-2: Dist1·ibution demographic characteristics of the women

• 

Demographic Characteristics

Region 

North Central 

North East 

North West 

South East 

South South 

South West 

Type of place of residence 

Urban 

Rural 

Religion 

Catholic 

Other Christian 
• 

Islam 

Traditionalist 

Other 

• 

• 

Number of Women Percentage 

52 

4609 14.8 

5505 17.7 

8322 26.8 

3215 I 0.3 

4803 15.5 

4621 14.9 

11701 37.7 

19374 62.3 

3048 9.9 

12091 39.1 

15509 50.1 

280 0.9 

11 0.0 

•

• 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



• 

4.J.J.3. Ed11cation 

With regards to educational attainment, two-fifth (40%) had no fonnal education, 18% had

completed secondary school, 14% had completed primary education, and J 0% had higher

education (see Table 4. 1-3). The women were further required to provide infonnation about their

ability to read and write; l1alf of the women (50%) cannot read at all, more than two-fifth (43o/o)

could read a whole sentence and 7o/o were able to read only parts of a sentence while less than 1 %

each had no card with required language or blind/visually impaired. However, 151 (0.5o/o) of the

women had missing records on literacy. 

Table 4.1-3: Distribution of education and literacy level of the ,vomen 

Det11ographic Characteristics 

Educational attainment 

No education 

Incomplete primary 

Complete primary 

Incomplete secondary 

Complete secondary 

Higher 

Literacy 

Cannot read at al] 

Able to read only parts of sentence 

Able to read whole sentence 

No card with required language 

Blind/visually impaired 

• 

• 

Number of Women Percentage 

12370 39.8 

1700 5.5 

4271 13.7 

3955 12.7 

5676 18.3 

3103 10.0 

15306 49.5 

2174 7.0 

13330 43.1 

96 0.3 

18 0.1 
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4.J.J.4. Ni1111ber of years sc/100/i,,g
Of tl1ose that had ever attended school, average period of schooling was 1 o (SD=4) years. Those

that had incomplete primary education spent an average of 4 (SD=l) years schooling and those

that l1ad incomplete secondary education had spent average of9 (SD=l) years schooling, as shown

on Table 4.1-4.

Table 4.1-4: Number of years in schooling among ,vomen in Nigeria 

95°/o Confidence 

Educational Number Std. Interval ·for Mean 

Attainn1ent of Women Mean Deviation Lower Upper Minimum Maximum 

Incomplete primary 1685 3.54 1.17 3.49 3.60 1 5 

Complete primary 4271 6.00 0.00 6.00 6.00 6 6 

Incomplete secondary 3944 9.22 1.24 9.18 9.26 6 l 1

Complete secondary 5676 12.00 0.00 12.00 12.00 12 12

Higher 3101 15.05 1.15 15.01 15.09 12 20

20
Total 18677 9.78 3.69 9.73 9.84 1 

• 
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4.J.J.4. Nu111ber of years sclioo/i,,g
Of those that had ever attended school, average period of schooling was Jo (SD=4) years. Those

that had incomplete primary education spent an average of 4 (SD= I) years schooling and those

that had incomp I ete secondary education had spent average Of 9 (SD= J) years schoo Jing, as shown

on Table 4.1-4.

Table 4.1-4: Number of years in schooling among ,vomen in Nigeria

95°/o Confidence 

Educational Number Std. Interval for Mean 

Attainment of Women Mean Deviation Lower Upper Minimum Maximum 

Incomplete primary 1685 3.54 1.17 3.49 3.60 1 5 

Complete primary 4271 6.00 0.00 6.00 6.00 6 6 

Incomplete secondary 3944 9.22 1.24 9.18 9.26 6 I I 

Complete secondary 5676 12.00 0.00 12.00 12.00 12 12 

Higher 3101 15.05 1.15 15.01 15.09 12 20 

20 Total 18677 9.78 3.69 9.73 9.84 1 
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4.J.J.5. Marital stati,s 
Table 4-1-5 shows the distribution of marital status and unions the women ever had. Almost four-
fifth ( 79%) 0 f the women were current! y married at the time of the survey, more than a tenth ( 13 % )
were never in a union, 3% were living with a partner, 3% were widowed, and one percent each
were either divorced or no longer together/separated from their partners. Sixty percent of the
teenagers ( 15-19 years) were married; and 3 9% 0 f same cohort had never been in a union, f o II owed
by 20-24 years age cohort of which 26% had never been in a union, which are higher than other
age cohorts. 

More than four-fifth (82%) of the women were currently in a union or living with a man

while 5% were for1r1erly in a union/living with a n1an. Similar to the current marital status, 60% of

the 15-19 years age cohort \Vere currently living with a man or married. Also more than six percent

(6%) of those 35 yea·rs or older had never been in a union.

With regards to number of unions 87% of the women had ever had one union and 11 % had

ever had more than one union. More than one union increased with the age of the \.vomen, which

implies that as a woman grows so is her propensity for more than one union. Multiple unions gre\v

from 3% among the 15-19 years cohort to reach 18% among the 45-49 years cohort.

• 
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Table 4.1-5: Distribution of marital status of the ,vomen 

Distribution of background characteristics of current marital status, ever in a union, and number of unions 

ever had. 

Background Characteristics 

Current marital status 

Never in union 

Married 

Living with partner 

\Vidowed 

Divorced 

No longer living together/separated 

Currentl)•/formerly/never in 

union 

Never in union 

Currently in union/living with a man 

Fonner]y in union/living \Vith a man 

Nun1ber of unions 

Once 

More than once 

• 

• 

• 

Age 1n 5-year groups Number 

of 

15-19 20-24 25-29 30-34 35-39 40-44 45-49 Total Women

38.6 26.2 13.0 6.0 2.4 

57.9 66.8 80.3 87.0 89.6 

1.8 4.2 3.3 2.6 1.9 

0.3 0.3 0.9 1. 7 3.3 

1.2 1.5 1.4 1.1 1.3 

0.3 1.0 1.2 1.6 1.5 

38.6 26.2 13.0 6.0 2.4 

59.6 71.0 83.5 89.6 91.5 

1.8 2.8 3.4 4.3 6.1 

97.2 93.4 91.2 87.5 85.5 

2.8 6.6 8.8 12.5 14.5 

• 
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1.4 0.7 12.9 4021 

87 5 84.3 79.l 24577 

1.6 l . 1 2.6 799 

6.7 10.4 2.8 873 

1.3 ) 5 1 3 410 

1.6 1.9 1.3 395 

1.4 0.7 12 9 4021 

89.1 85.4 81.7 25376 

9.5 13.9 5.4 1678 

84.7 82.4 88.6 23710 

15.3 17.6 11.4 3047 
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4.J.J. 6. Preg11a11cy te1·111i11ation

More than one in ten (12%) of the women had ever terminated a pregnancy, as shown on Table

4.1-6. This included miscarriages, abortions and still births. Te1mination of pregnancy increased

with increase in age of the respondents from 5% among the 1 S-19 years cohort and peaked at 17%

among t11e 40-44 year cohort. This could be attributed to the fact that multiple unions also increased

\Vith age of the women. 

With regards to their level of education, there was no particular pattern 1n the incidence of 

termination of abortion, although the proportion was highest among those that had incomplete 

prin1ary education, followed by those with higher education. 

However, with regards to marital status, pregnancy te1rnination was more common among 

those that \Vere fo11nerly in a union/living with a man ( 15%) than the other groups; while pregnancy 

te1111ination was 6% among those that were never in a ltnion. Almost a fifth {l 9o/o) of those that 

had had more than one union had te11ninated pregnancy compared to 13% of those that bad a union 

once 

• 
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Table 4.1-6: Percent d. t "b t· · . ts r1 u ion of term1nat1on of pregnancy
background characteristics of the respondents

according to selected 

Background characteristics 
Ever had a terminated pregnancy* Number of 

No Yes Total ,vomen 

All ,,,omen 

Age in 5-)'ear groups 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

Educational attainment 

No education 

Incomplete primary 

Complete primary 

Incomplete secondary 

Complete secondary 

Higher 

Currently/for111erly/never in union 

Never in uruon 

Currently in union/living with a man 

For r11erly in union/living \Vith a man 

Number of unions 

Once 

More than once 

87.6 

95.4 

91.8 

88.1 

85.6 

83.2 

82.8 

85. l

89.4 

84.6 

85.9 

87.3 

86.9 

85.7 

94.4 

86.7 

84.8 

87.3 

80.7 

*33 responses lve,·e 111issi11g **297 responr;es ,,·ere n1irs111g

• 
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12.4 

4.6 

8.2 

11.9 

14.4 

16.8 

l 7.2

14.9

10.6 

15.4 

14. l

12.7

13.1

14.3 

5.6 

13.3 

15.2 

12.7 

19.3 

• 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

I 00.0 

100.0 

100.0 

100.0 

100.0 

• 

• 

31042 

3274 

5524 

6395 

4931 

4355 

3341 

3222 

12354 

1695 

4270 

3952 

5670 

3101 

4018 

25348 

1676 

23683 

3045 
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4.J.J. 7. E111ploy111e11t status 
Current employment status of the women was defined as ''if the \.voman had done any work in the

past 12 months preceding survey·' (NPC [Nigeria] and ICF International, 2014) and this is

presented in Table 4.1-7. Employment status is a measure of a \.voman's wealth. Almost seven in 

ten (68o/o) of the women were currently working, which \Vas higher than 62°/o for all women

reported by Nigeria DHS 2013. Current working status increased monotonically with age of the

respondents while the highest working cohort with respect to educational attainment were those

that had completed primary school (81 o/o) while women with no education had the least working

status (61 °/o). Also, women who had never married had the least working status ( 493/o) while

women that \Vere formerly in a union had the highest working status (82°/o). 
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• 

Table 4.1-7: Percent distribution of employment status of the \Vomen

All ,vomen 

Age in 5-year groups 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

Educational attainment 

No education 

Incomplete primary 

Complete primary

Incomplete secondary 

Complete secondary 

Higher 

Currently/for1r1erly/never in union 

Never in union 

Currently in union/living with a man 

Fo1111er]y in union/living \V1th a man 

• 

• 

• 

• 

Woman currently working Number 

No Yes 

31.9 68.1 

64.6 35.4 

47.3 52.7 

33.0 67.0 

24.5 75.5 

18.7 81.3 

16.7 83.3 

15.6 84.4 

39.2 60.8 

23.7 76.3 

18.6 81.4 

35.3 64.7 

27.4 72.6 

29.9 70.1 

51 .5 48.5 

29.8 70.2 

17.9 82.1 

60 

of 

Total women 

I 00.0 30934 

100.0 3261 

100.0 5490 

100.0 6372 

100.0 4915 

100.0 4343 

100.0 3336 

100.0 3217 

100.0 12318 

100.0 1693 

100.0 4261 

100.0 3941 

100.0 5640 

100.0 3081 

100.0 3989 

100.0 25275 

100.0 1670 
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4.J.J.8. Birt/, liistory 

24,665 (79°/o) of the women had ever given birth to a child wtule 6,41 O (2 I o/o) had never given

birth to a child, as presented on Table 4.1-8. Ever given birth increased with the age of the won1en

\.Vith 32o/o of the adolescent women being mothers. Comparing locations, birth history 1s relatively

lugber in the rural areas than the urban areas. Never having had a birth 1s more than twice as high

in South-South and South East as in the North East and North West. 

Nine in ten of the women that had no education had ever given birth compared to 60o/o of

those that had higher education. Birth history reduced with increased education. Furtht;t more, all

the \Vomen who had never been in a union had indicated that they had never had a birth (this is a 

subset of92% of all women never in a union from the Nigeria DHS 2013). More than nine in ten 

of the women that ever had or currently in a union had given birth . 

• 

• 

• 
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• 

• 

Table 4.1-8: Percentage distribution of women that had given birth to a child according to

background characteristics 

Background characteristics 

All ,vomen 

Age in 5-year groups 

15-19

20-24

25-29

30-34

35-39

40-44

45-49

Region 

North Central 

North East 

North West 

South East 

South South 

South West 

Type of place of residence 

Urban 

Rural 

Religion 

Catholic 

Other Christian 

Islam 

Traditionalist 

Other 

Educational attainment 

No education 

Incomplete primary 

Complete primary 

Incomplete �econdary 

Complete secondary 

Higher 

Ever had a birth 

Never had a birth Ever had a birth Total Number of Women 

• 

18.4 81.6 100.0 31075 

63.0 

3 I .7 

16.2 

8.7 

4.5 

3.8 

3.0 

19.5 

13.7 

12.0 

27.5 

26.6 

I 9.3 

22.9 

15.6 

28.1 

23.9 

12.3 

8.9 

9 1 

9.8 

9.6 

8 9  

28.0 

29 3 

37.9 

62 
• 

37.0 

68.3 

83.8 

91 .3 

95.5 

96.2 

97.0 

80.5 

86.3 

88.0 

72.5 

73.4 

80.7 

77.1 

84.4 

71.9 

76. l

87.7

91, I

90.9

90.2 

90.4 

91 l 

72.0 

70.7 

62.1 

• 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100 0 

100.0 

100.0 

100.0 

100.0 

100 0 

3278 

5530 

6401 

4932 

4361 

3347 

3226 

4609 

5505 

8322 

3215 

4803 

4621 

11701 

19374 

3048 

12091 

15509 

280 

I 1 

12370 

1700 

4271 

3955 

5676 

3103 
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Table 4.1-8: Percentage distribution of women that had given birth to a child according tobackground characteristics 

Background characteristics 

All ,vomen 

Age in 5-year groups 

15-19

20-24

25-29

30-34

35-39

40-44

45-49

Region 

North Central 

North East 

North West 

South East 

South South 

South West 

Type of place of residence 

Urban 

Rural 

Religion 

Catholic 

Other Christian 

]slam 

Traditionalist 

Other 

Educational attainment 

No education 

Incomplete primary 

Complete primary 

Incomplete �econdary 

Complete secondary 

Higher 

-

Ever had a birth

Never had a birth Ever had a birth Total Number of Women

• 

18.4 81.6 100.0 31075 

63.0 

31 .7 

16.2 

8.7 

4.5 

3.8 

3.0 

I 9.5 

13.7 

12.0 

27.5 

26.6 

19.3 

22.9 

15.6 

28.1 

23.9 

12.3 

8.9 

9.1 

9.8 

9.6 

8.9 

28.0 

29.3 

37.9 

• 

62 

37.0 

68.3 

83.8 

91.3 

95.5 

96.2 

97.0 

80.5 

86.3 

88.0 

72.5 

73.4 

80.7 

77. l

84.4

71.9 

76. l

87.7

91.1

90.9

90.2 

90.4 

91 l 

72.0 

70.7 

62.1 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100 0 

100.0 

100 0 

100 0 

100.0 

100.0 

3278 

5530 

6401 

4932 

4361 

3347 

3226 

4609 

5505 

8322 

3215 

4803 

4621 

11701 

19374 

3048 

12091 

15509 

280 

11 

12370 

1700 

4271 

3955 

5676 

3103 
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Ever had a birth 

Background characteristics Never had a birth Ever had a birth Total Number of Women

-

currently/formerly/never in union 
• 4021 

Never 1n union 82.5 17.5 100.0 

currently in union/living with a man 8.9 91.1 100.0 25376 

fonnerly in union/living with a man 7.9 92.1 100.0 1678 

-

, 

• 

• 

• 
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4.J.J.9. Co11traceptive use

Table 4. I -9 shows percent diSlribution of the women that had ever used contraceptives among the

,vomen that ever had sex in Nigeria. 8825 (28%) of the women had ever used contraceptives which
increased witb age cohort with 32% among the 30-39 years cohort and 20% among the 15-19 years
cohort. Across the region, contraceptive use was almost ten times as high in South West (56%)
compared to the Norah West (6o/o) and five time as high in the South South (50%) as in the North

East ( 10%). Contraceptive use was more than twice as high in the urban ( 44o/o) as in the rural areas

(19%). Contraceptive use was comparable between Catholic and other Christians but quite low

(11 %) among Muslims. 

With regards to educational attainment, contraceptive use increased with more education

\Vith 6% among women with no education and 60°/o among women with higher education. \Vomen

that were never in a union used contraceptives two times more than \Vomen that had ever been in 

any 11nion. With regards to birth history and contraceptive use, women who had never had a 

contraceptive use was higher among women that never had a birth (38°/o) than women that ever 

had a birth (26%). 

• 
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r � 11 · 4 l-(): 1>
c1·cc11tt\CJC distriht1t· f Ill 1 c · ,.. • 11111 0 "0111en that had c,·cr used con I r.acepth es accorcl ing

to llat·l,ga·,Jt111cl chl'tr,,rtc1·is1ics

-

Background

characteristics

All women 

Age in 5-year groups 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

Region 

Nonh Central 

North East 

North West 

South East 

South South 

South West 

Type of place of residence 

Urban 

Rural 

Religion 

Catholic 

Other Christian 

Islam 

Traditionalist 

Other 

Educational attainment 

No education 

Incomplete primary 

Complete primary 

Incomplete secondary 

Complete secondary 

Higher 

• 

= 

• 

Ever used anything or tried to delay or avoid

• 

No 

71.6 

80.3 

70.4 

70.5 

68.9 

68.0 

69.6 

78.2 

69. l

90.1 

93.8 

58.3 

50.2 

43.6 

56.4 

80.8 

54.5 

53.6 

88.6 

87.9 

81.8 

94.5 

76.6 

67�3 

58.4 

49.9 

40.0 

• 

getting pregnant 

Yes 

28.4 

19.7 

29.6 

29.5 

31.1 

32.0 

30.4 

21 .8 

30.9 

9.9 

6.2 

41.7 

49.8 

56.4 

43.6 

19.2 

45.5 

46.4 

11.4 

12. l

18.2

5.5 

23.4 

32.7 

41.6 

50. l

60.0

65 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100 0 

100.0 

100 0 

100 0 

100 0 

100 0 

100 0 

100.0 

• 

Number of 

,vomen 

31075 

3278 

5530 

6401 

4932 

4361 

3347 

3226 

4609 

5505 

8322 

3215 

4803 

4621 

11701 

19374 

3048 

12091 

15509 

280 

1 l 

12370 

1700 

4271 

3955 

5676 

3103 
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-

• 

Background 

characteristics 

currently/formerly/never 
• 

in union 

• 

Never 1n uruon 

Currently in unjon/living 

with a man 

Fonnerly in union/living 

\Vith a man 

Ever had a birth 

Never had a birth 

Ever had a birth 

• 

Ever used anything or tried to delay or avoid

No 

43.7 

75.9 

73.2 

61.7 

73.8 

• 

getting pregnant

Yes 

56.3 

24. l

26.8 

38.3 

26.2 

• 

66 

• 

• 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

Number of 

women 

• 

4021 

25376 

1678 

5705 

25370 
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4.1.2. Description of median age at first sex, age at first birth and mean of their intervals

Table 4.1-I O describes the median age at the first sex and first birth as well as the mean of their

aired inte,rvals. For all the women m d. . 
P , e ian age at first sex was 1 6 years which showed an rnverse

elationslrip with birth cohort Younge . . . . r · r wome11 tend to give birth earlier than older women. Figure

4 1-4 provides a clearer description of th· h · . · · 
· 

1s c angmg trend. Median age at first sex was highest 10

North Central, Soulh East and South West at 18 years while North West and North East had the

Jowest at 15 years. Women in the rural areas experienced sex debut 3 years ahead of those from

urban centers and women with no education experienced sexual debut 3 years ahead of women

that completed secondary education and 5 years ahead of women with higher education. Also,

women who had never been in a union experienced sexual debut 2 years later than those that ever

had any union. 

Median age at first birth was 19 years for all women and comparable for all age cohorts 

except for 15-19 years cohort with a median of 16 years. On the average, \vomen in the North East 

give birth a year later than women in the North West while women from South East and South 

West give birth most latest at 21 years. Women in urban areas give birth to their first child 2 years 

later than women from rural areas and women \vith no education give birth to their fust child 3 

years ahead of women that had con1pleted secondary education and 7 years ahead of \Vomen with

higher education. Median age at first birth 1s same ( 19 years) for ,vomen that ever had union or

not. 
• 

The interval between first sex and first birth 1s 2.8 years for all \\'on1en, ,vh1ch is about 1.7

years for the I 5-19 years age cohort and approxin1ately 3 years for \von1en above 25 years Mean

interva] between first sex and first birth 1s l11ghest in the South West and South East at 3 08 years

• . 1 2 46 s Number of years benveen se-xual debut and first birth is
and lowest 1n North Centra at . year · 

67 
• 

• 
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4,1.2. Description of median age at first sex, age at first birth and mean of their intervals

Table 4-1-1 O describes lhe median age at the first sex and first birth as well as the mean of their

ired intervals. For all the women d. . pa , me tan age at fll'St sex was 16 years which showed an inverse

relationship \Vilh birth cohort. Younger women tend to give birth earlier than older women. Figure

4.1-4 provides a clearer description of this changing trend. Median age at first sex was highest in

North Central, South East and South West at 18 years while North West and North East had the

lowest at 15 years . Women in the rural areas experienced sex debut 3 years ahead of those from

urban centers and women with no education experienced sexual debut 3 years ahead of women

that completed secondary education and 5 years ahead of women with higher education. Also
,

women who had never been in a union experienced sexual debut 2 years later than those that ever 

had any union. 

Median age at first birth was 19 years for all women and comparable for all age cohorts 

except for 15-19 years cohort with a median of 16 years. On the average, women in the Nonh East 

give birth a year later than women in the North West while women from South East and South 

West give birth most latest at 21 years. Women in urban areas give birth to their first child 2 years 

later than women from rural areas and women \Vith no education give birth to their frrst child 3 

years ahead of women that had completed secondary education and 7 years ahead of \vomen \v1th

higher education. Median age at first birth is same ( 19 years) for \Vomen that ever had union or

not. 

The interval between f ust sex and first birth is 2 8 years for all \vomen, \vh1ch is about 1. 7

r h 15 19 cohort and approximately 3 years for women above 25 years. Mean
years 1or t e - years age ' 

· d fi t btrth is highest in the South West and South East at 3.08 years
interval between first sex an 1rs 

• 
? 46 Nun,ber of years bet\veen sexual debt1t and first birth 1s

and lowest 1n North Central at -· years.

67 
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comparable between urban and rural areas. While this value is approximately three years for
,women with no education and secondary education completed and about 4 years for women wilh
higher education. Average interval between first sex and first birth was slightly higher among
women currently living in a union/living with a man (2.8 years) than among those formerly in a
union (2. 7 years) and those never in a union (2.6 years).

• 

• 

• 

• 
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Table 4.1-10: Median age at first sex, first birth, and mean of their intervals-

F 

Background characteristics 

All ,vomen 

Age in 5-year groups 

15-19

20-24

25-29

30-34

35-39

40-44

45-49

Region 

North Centra 1 

North East 

North West 

South East 

South South 

South West 

Type of place of residence 

Urban 

Rural 

Educational attainment 

No education 

Incomplete primary 

Complete primary 

Incomplete secondary 

Complete secondary 

Higher 

Ever in a union 

Never in union 

Currently in union/living wit!, a man 

FonnerJy in union/living wilb a man 

• 

Median Age at 
first sex (Years)

16 

15 

17 

17 

17 

17 

17 

16 

18 

15 

15 

18 

17 

18 

18 

15 

15 

16 

16 

17 

18 

20 

18 

16 

16 

69 

• 

Median Age at 

first birth 

(Years) 

19 

16 

18 

19 

19 

20 

20 

19 

20 

18 

17 

21 

19 

21 

20 

18 

17 

18 

19 

19 

21 

24 

19 

19 

19 

Mean Age at first 

sex and first birth 

interval (Years)

• 

2.82 

1.7 

2.04 

2.66 

3.03 

3.26 

3.26 

3.12 

2.46 

2.56 

2.82 

3.08 

3.1 

3.08 

2.92 

2.76 

2.74 

2 49 

2.56 

2 66 

3.03 

3 86 

2.55 

2.83 

2.7 

•
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4.1.3. Descriptive statistics of age at first sex and age at first birth, and their intervals
This section provides description of the variables using measure of dispersion, measures

of central tendencies, measures of skewness and graphical representation. The descriptive
statistics are as sho·wn on 

Table 4.1-11.

4.J.3.1. Age at first sex
Minimum and maximum ages at first sex are 8 years and 46 years respectively with median age at
ftrSt sex of 16 years. The 25th and 75,h percentiles are also given at 14 years and 19 years
respectively, whicl1 imply that 25% of the respondents had had sex by age 14 years and 75% of
the respondents had had sex by age 19 years. The data is positively skewed (Skewness= 1.14, SE
= 0.01 ). Figure 4.1-1 displays the distribution of age at frrst sex on a histo� highlighting the
median age at first sex. It should be noted that 17872 (58%) of the women had their first sex in
their frrst union. 
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Figure 4.1-1: Histogram sbo,ving the distribution of age at first sex 

• 

70 

• 

• 

• 

• 

•

• 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



• 

4.J.J.2. Age at first birtl,

Minimum and maximum ages at first sex are 12 years and 45 years respectively with median of
19 years, as shown on Table 4. 1-1 l .  The 251h and 751h percentiles are also given at 16 years and 22
years respectively, which imply that 25% of the respondents had had sex by age 1.6 years and 75%
of the respondents had had sex by age 22 years. The data is positively ske\ved (Skewness= I .OJ,
SE = 0. 02). Figure 4. l -2 displays the distribution of age at first birth on a Iustogram, highlighting
the median age. 
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• Figure 4.1-2: Histogram sho,ving the distribution of age at first birth among ,,·omen in
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4.J.J.3. Inte'.·va/ b�tlveen age at first Se.'C a11d age at first birth Minimum and maxunum mterval were 0.0 years and 26 years respectively wi th median of2 years,
as shown on Table 4.I-l J. The 25'h and 751h percentiles are also given at I year and 4 years
respectively, which imply that 25% of those that ever bad sex had a child about a year later and
7 5% by age 4 years later. The data is positively skewed (Skewness = 2.30, SE = 0. 02 ). Figure 4 -1-3
displays the distribution of the interval on a histogram, highlighting the mean and median ages .
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Table 4.1-11: Descriptive statistics of
and their intervals 

age at first sex, age at first birth, age at first marriage

Age at first sex 

and first birth Statistics 
Age at first sex - Age at first birth interval Mean 

16.95 
Median 19.53 2.82 

16.00 19.00 2.00 Mode 
15.00 

Std. Deviation 17.00 1.00 
3.66 4.36 2.82 Skewness 
1.14 1.0 I 2.30 

Std. Error of Ske\vness 
0.01 0.02 0.02 

Kurtosis 
2.58 1.21 7.10 

Std. Error o·f Kurtosis 
0.03 0.03 0.03 

Minimum 
8.00 12.00 0.00 

Maximum 
46.00 45.00 26.00 

Percentiles 25th 14.00 16.00 1.00 
50th 16.00 19.00 2.00 
75th 19.00 22.00 4.00 

Figure 4.1-4 shows the trend in the reproductive health event by birth cohorts of the women since 

1963. The vertical bars have been added to provide easy tracing of the ages \Vith the cohorts and 

to emphasize the interval between the first sex and first birth. There is a general decline in age at 

first sex and age at first birth and the width of the interval is shnnking. Specifically the median 

age at first sex undulated briefly for almost all \VOmen born before the 1988 and after a sharp

increase in 1989, there had been a general decline in the median ages at both RH events \vith 

considerable shrinking interval. The interval is much narro\ver for the younger generation 

compared to tile older \Von1en. This cannot be excused fron1 the recent trend in exposure to sexually 

ex 1. ·t · I · ed availability of reversible contraceptives, increasing practice ofp 1c1 matena s, 1ncreas 

h b. · • h' l h d b r e,·gn to n1ost Nigenan culture until recently and generallyco a 1tat1on w 1c 1 a een ,or , 
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changing culture. Hence, the birth col1ort . . , was included

insight into changing trend by age cohort.
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chru1ging culture. Hence, U1e birth coh rt 0 , was included

insight into changing trend by age cohort .
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4.2. ModeJ fitting 

4_2.1. Fitting the log-cumulative hazard plot for age at first sex 
The Kaplan-Meier estimates the median, 251h and 751h percentiles of age at first sex as 16 years
(95% CI: 15.94-l6.05), 19 years (95%CI: 18.94-19.06), and 14 years (95°/oCI: 13.96-14.04)

respectively - Figure 4 .2- J shows the plot of estimates of the survivorship function against time. As

expected, the survivorship curve shows that by age 16 years, half of the women would have

experienced sexual debut. 
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Figure 4.2-2 shows the log-cumu} t· h . · 
d fi 

a ive azard plot for age at first sex which visually e iesan assumption of a Slraight line. The relationship bet--veen the two variables was tested with
ordinary least squares regression and to obtain estimates of the shape and scale parameters, as
shown on Tab I e 4 ·2-l . The linear model was significant (F =2872 4 3 .2, p<O .00 I , R2 

= 0 .902 ). The
values of the shape parameter, a = 5.37 (SE= 0.01) and value of the scale parameter for the Weibull
distribution is P = exp { - I 5 · 4 56} = I. 93 9x 10-<>7 

( SE=O. 028). Since the value of the scale parameter
is not close to unity, the distribution cannot assume an exponential distribution and hence favors a
Weibull distribution. Furthennore, the model fitting shows that the hazard function takes on a
value approximately zero when age at first sex is zero.

Table 4.2-1: Regression of log-cumulative hazard against log of age at first sex

Lo\ver Upper95% 
B Std. Error t Sig. 95%Cl CI 

Parameters 

-15.40
-15.46 0.03 -547.74 0.00 -15.51

log� 

535.95 0.00 5.35 5.39
5.37 0.01 a 

RMSE = 0.36 
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Figure 4.2-2 shows the log-cumul t· 1 fi a ive 1azard plot for age at first sex which visually de ies

umption of a straight line The l t· hi . d · h an ass · re a ions p bet\veen the two vanables was teste wit 

ordinary leaSt squares regression and to obtain estimates of the shape and scale parameters, as

shown on Table 4.2-1. The linear model was significant (F=287243.2, p<0.00 I, R2 = 0.902). The

values of the shape parameter, a = 5.37 (SE== 0.01) and value of the scale parameter for the Weibull

distribution is P = exp {-15.456} = l .939x l 0-07 (SE=0.028). Since the value of the scale parameter

is not close to unity, the distribution cannot assume an exponential distribution and hence favors a

Weibull distribution. Furthermore, the model fitting shows that the hazard function talces on a

value approximately zero when age at first sex is zero. 

Table 4.2-1: Regression of log-cumulative hazard against log of age at first sex

Lo\ver Upper 95o/o 

Parameters Std. Error t Sig. 95o/o CI CI 

log P -15.46 0.03 -547 .74 0.00 -15.51 -15.40

a 5.37 0.01 535.95 0.00 5.35 5.39

RMSE = 0.36 
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Figure 4.2-2: Log-cumulative hazard plot of age at first sex 
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Figure 4.2-2: Log-cumulative hazard plot of age at first sex
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Estimates of lhe pth percentiles are given in Table 4.2-2. The table shows an estimate ofmedian age at sex debut is 16.6 years (95% CI: 16.43-16.80). The 25•h and 751h percentiles are alsogiven as 14.1 years and 18.9 years respectively which is consistent with the range of the expected median age at first sex as described on Tab le 4. J -11.

Table 4.2-2: Estimates of the pth age at first sex estimates using Weibull distributionShape Scale parameter Lower 95% Upper 95%
Percentile (p) parameter (a)

(b) t(p) CI er 
5 1.939E-07 5.370 10.228 10.115 l 0.34210 1.939£-07 5.370 11.695 11.566 I I .82615 l .939E-07 5.370 12.678 12.538 12.820 20 l .939E-07 5.370 13.449 13.300 'J 3.599 25 l .939E-07 5.370 14. l 00 13.944 14.258 

14.840 

30 l .939E-07 5.370 14.676 14.514 

15.371 

35 l .939E-07 5.370 15.201 15.033 

I 5.867 

40 l .939E-07 5.370 15.692 15.5 I 8 

16.339 

l .939E-07 5.370 16.158 15.979 

45 

16.795 

l.939E-07 5.370 16.609 16.426 

50 

16.864 17.243 
l .939E-07 5.370 17.053 

55 

17.302 17.691 
1.939E-07 5.370 17.495 

60 

17.944 17.746 18.145 
I .939E-07 5.370 

65 

18.408 18.204 18.6 I 4 
1.939E-07 5.370 

70 

18.898 18.689 19. 109
l .939E-07 5.370 

75 

19.430 19.215 19.647
I .939E-07 5.370 

80 

19.813 20.258
5.370 20.034 l .939E-0785 

20.541 21.003
5.370 20.770 l .939E-0790 

21.572 22.057
5.370 21.814 1.939E-0795 
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4_2_2. Fitting the log-cumulative hazard plot for age at first birth 
The Kaplan-Meier estimates the median age at first b irtb as 19 years ( 95% CI: 18 .94-I 9 .06), with
the z51h and 75th percentiles estimated as 16 years (95% CI: 15.95-16.05) and 22 years (95% CI:
2 J.91-22. 09) · Figure 4 .2-3 shows the Plot of estimates of the survivorship function and cumulative
hazard :function respectively against time. As expected, the survivorship curve shows that by age
19 years, half of the women that ever had sex would have given binh.
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Figure 4.2-4 shows the log-cumul t· h · 11 a ive azard plot for age at first birth which also v1sua Y

de
fies an asswnption of a Slraight line. The relationship between the two variables was tested with

ordinary least squares regression and to obtain estimates of the shape and scale parameters were

given, as shown on Table 4-2- 3. The linear model was significant with an r-squared value of0.894. 

The values of the shape parameter, a = 4. 97 ( SE = O. O I ) and value of the scale parameter for the

Weibull distribution is P = exp{-15.12} = 2.72x10-07 (SE= 0.03). Since the value of the scale

parameter is not close to unity, the distribution cannot assume an exponential distnbut1on and

hence favors a Weibull distribution. Furthermore, the model fitting shows that the hazard function

takes on a value approximately zero \vhen age at first birth is zero.

Table 4.2-3: Regression of log-cumulative hazard against log of age at first birth

Parameters 
log P 
(l 

Unstandardized 
Coefficient 

Std. 

B Error 
-15.117 0.032
4.968 0.011 

RMSE = 0.362 

• 

• 

• 

• 

t 

-476.57 
463.05 

95.0% Confidence 

Interval for B 

Lower Upper 

Sig. Bound Bound 

0.00 -15.179 -15.054

0.00 4.947 4.989 

80 

• 

F p-value

214419.44 <0.0001

• 

• 

R

square 

d 

0.894 
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Figure 4.2-4: Log cumulative hazard function curve of age at first birth
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Table 4.2-4 shows estimates of the pth percentile using the Weibull parameters for age atfirst birth as estimates. The median age at first birth from the model is 19 .5 years (95% CI: 19 .23-19 _ 72) which is comparable to the raw median of 19 Years. The 25,h and 751h percentiles are 16.3(95% CI: 16.12-16.52) years and 22.4 (95 CI: 22.12-22.67) respectively.
Table 4.2-4: Estimates of the pth age at first birth estimates using Weibull distributionShape 

Scale 
Lo,ver 95o/o Upper 95°/o

Percentile (p) parameter (a) parameter (b) t(p) CJ CI 5 2.721 E-07 
4.968 

11.53 l 11.390 11.673 

13.493 

10 2.72 IE-07 
4.968 13.328 13.165 

14.724 

2.721 E-07 
4.968 14.543 14.366 

15 

15.694 

2.721E-07 
4.968 15.502 15.312 

20 

16.116 16.517 

2.721E-07 
4.968 16.315 

25 

16.828 17.247 

2.72IE-07 4.968 17.037 

30 

17.696 17.480 17.915 

2.721E-07 4.968 
35 

18.314 18.090 18.54 l 

2.72IE-07 4.968 
40 

18.903 18.672 19.137 

2.721E-07 4.968 
45 

19.474 19.236 19.715 

2.721£-07 4.968 
50 

20.285 
4.968 20.037 19.792 

2.72IE-07 
55 

20.855 
4.968 20.600 20.348 

2.721£-07 60 

21.434 
4.968 2 I .172 20.913 

2.721 E-07 65 

21.497 22.033 
4.968 21.764 

2.721 E-07 70 

22.116 22.667 
4.968 22.390 

2.72 I E-07 75 

22.791 23.359 
4.968 23.073 2.721 E-07 80 

23.850 23.558 24.145 
4.968 2.72IE-07 85 

24.798 24.495 25.105 
4.968 2.721 E-07 90 

26.147 25.827 26.471 
4.968 2.721 E-07 95 
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4.2.3. Fitting log-cumulative hazard curve for interval between first sex and first birtb The Kaplan-Meier estimates the median age at first sex as 2 years (9S% Ci: 1.97-2.03). Figure4_2_5 shows the plot of estimates of the survivorship function time. As expected, the survivorshipcurve shows half of the women would have given birth within two years of their first sex.
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• 

Figure 4.2-4 shows tl1e log-cum l t· h u a ive azard plot for interval between age at sex debut
d ge at first birth which assumes str · h 1· . 

· 
an a a1g t me. The relationship between the two vanables was
tested with ordinary least squares regression and to obtain estimates of the shape and scale
parameters were given, as shown on Table 4.2-5. The linear model was significant, F =

7713903.71, P < O.OOl, R1 = 0.997, RMSE = 0.0384. The values of the shape parameter, a= -1.00

(SE = 0. 07) and value of the scale parameter for the Weibull d istri but ion is p = exp { 0. 928} = 2 · 5 3

(SE==0.02). Since the value of the scale parameter is not close to unity, the distribution cannot

assume an exponential distribution and hence favors a Weibull distribution. Furthe11r1ore, the

model fitting shows that the hazard function takes on a value approximately zero when age at  first

birth is zero. 

Table 4.2-5: Weibull parameters estimation using regression of log cumulative hazard
against log of time 

Unstandardized Coefficient 95.0% Confidence Interval for B 

Parameters B Std. Error t Sig. Lower Bound Upper Bound 

log� 0.928 0.023 2779.590 0.000 0.927 0.929 

a -1.001 0.069 -2734.440 0.000 -1.002 -1.001

RMSE = 0.0384 
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Table 4·2-6 shows eStimates of the pth percentiles of the interval between age at first sexand age at first birth, using the Weibull Parameter estimates. The median estimate for the intervalis J.9 8 (9 5% CI: I. 96-2 · O 1) years, Which approximates the observed median of 2 years. The 25'
h

and 751h percentiles are given as 0.768 (95% CI: 0.76--0.78) years and 4.18 (95% CI: 4.13-4.24)respectively. 

Table 4.2-6: Estimates of the pth age at first sex estimates using Weibull distribution

Upper 95%

Shape Scale parameter Lower95% Percentile (p) parameter (a) 
(b) t(p) CI CI 5 3.675E-Ol 0.928 0.120 0.118 0.121 

0.264 
10 3.675E-Ol 0.928 0.260 0.257 

0.420 
15 3.675E-Ol 0.928 0.415 0.410 

0.592 
3.675E-Ol 0.928 0.584 0.577 

20 

0.778 

3.675E-OJ 0.928 0.768 0.758 

25 

0.956 0.981 
3.675E-01 0.928 0.968 

30 

l .172 1.202 
3.675E-Ol 0.928 1.187 

35 

1.426 1.408 1.444 
3.675E-01 0.928 

40 

1.689 1.668 1.711 
3.675E-OI 0.928 

45 

1.981 1.956 2.007 
3.675E-OJ 0.928 

50 

2.337 2.308 2.278 
3.675E-Ol 0.928 55 

2.642 2.711 0.928 2.676 3.675E-O I 60 

3.060 3.139 0.928 3.099 3.675E-Ol 65 

3.546 3.638 0.928 3.592 3.675E-Ol 70 

75 3.675E-OJ 0.928 4.18] 4.128 4.235 
80 3.675E-01 0.928 4.91 l 4.849 4.974 
85 3.675E-01 0.928 5.863 5.789 5 938 
90 3.675E-Ol 0.928 7.224, 7.132 7.317 
95 3.675E-O 1 0.928 9.592 9 471 9.716 

• 

• 

• 
• 

• 86 

•

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



I 

I 

• 

j 

. .. . . 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table 4.4-l sho\VS the estimates of the percentiles. The estimated median age at first sex is 16.97
years (95°/4 CI: 14-97-19-23)- Hence, 95% of the time, age at first sex is expected to fall with1n
the range of about 15 years to 19 years. The interval is less precise compared to the estimate median
from Kaplan-Meier estimates but the results go to show that age at first sex could be estimated
using the Weibull distribution. It is observed that width of the 95o/o CI increased with the

percentiles. 
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Ta
ble 4.4-1 sho\vs tbe estimates of the percentiles. The estimated median age at first sex is l 6. 97

years (95% Cl: 14·97-l 9·23), Hence, 95% of the lime, age at first sex is expected to fall Wtthin
the range of about l 5 years to 19 years. The interval is less precise compared to the estimate median
from Kaplan-Meier estimates but the results go to show that age at first sex could be estimated
using the Weibull distribution. It is observed that width of the 9501o CI increased with the

percentiles. 
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ble 4 3-1: Maximum l.;ikelibood est· t f 
Ta · 

•ma es o Weibull parameters for age at first sexPercentile (p) Shape parameter (a) Scale parameter (b)5 2.547E-06

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

& 

2.547E-06 

2.547E-06 

2.547E-06 

2.547E-06 

2.547E-06 

2.547E-06 

2.547E-06 

2.547E-06 

2.547£-06 

2.547E-06 

2.547E-06 

2.547E-06 

2.547E-06 

2.547E-06 

2.547E-06 

2.547E-06 

2.547E-06 

2.547E-06 

• 

4.41956 

4.41956 

4.41956 

4.41956 

4.41956 

4.41956 

4.41956 

4.41956 

4.41956 

4.41956 

4.41956 

4.41956 

4.41956 

4.41956 

4.4] 956 

4.4 l 956 

4.41956 

4.41956 

4.41956 

89 

t(p) 

9.416 

11.08 l 

12.223 

13.132 

13.909 

14.602 

15.239 

15.838 

16.412 

16.97] 

17.523 

18.077 

18.642 

19.229 

19.852 

20.534 

21.313 

22.268 

23.634 

Lower 95% CI

8.895 

J 0.326 

1 I .278 

12.019 

12.640 

13.185 

13.677 

14.133 

14.562 

14.974 

15.376 

15.772 

16.170 

16.576 

17.000 

17.454 

17.961 

18.566 

19.398 

• 

Upper 95% CI 

9.967 

1 1 .89 I 

13.246 

14.347 

15.304 

16.171 

1 6.980 

17. 750

18.497

19.233 

19.970 

20.719 

21.492 

22.306 

23.183 

24.158 

25.289 

26.707 

28.795 
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4_3_2• Age at first birth

The estimates of the scale and shape parameters of the Weibull model were estimated as 
1.42x10--0 (95% CI: -l.96-I.69x I0-6) and 4.42 (95% Cl: 4.07-4. 73) respectively, with a log 
rkelihood of -32.28 (AIC == 68.56). The confidence interval of the shape parameter does not 

1 
ntain wtity and this goes to show that the hazard function for age at first birth cannot be 

co
odelled with ex ponentia I distribution. Figure 4 .3-3 shows the survival function of age at firSt

:irth highlighting the estimate of median age at first birth . 
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• 

Table 4.3-2 shows the eSlimates of the percentiles of age at first birth. The estimated median age
at first birth is I 9.60 years (95% CI: 17.02-22.56). Hence, 95% of the time, age at frrst birth is
expected to fall within the range of about 17 years to 23 years. The i.ntetval is less precise compared
10 the estimate median from Kaplan-Meier estimates but the results go to show that age at ftISt
birth could be estimated using the Weibull distribution. It is obsetved that width of the 95% CI
increased with the percentiles. 
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blc 4 3-2: Maximum Likelihood esti t . 
Ta · 

ma es of We1l'lull parameters for age at first birth
Shape Scale parameter Lower95% Upper95% Percentile (p) parameter (a) 

(b) 
t(p) CI CI 

-

1.42lxto·6 4.402 10.847 l 0.165 11.574 IO l.42IxIQ-6 4.402 12. 773 11. 789 13.840 15 1.42JxIQ-6 4.402 14.095 12.867 I 5.441 20 1.421 XI 0-6 4.402 15.147 I 3.703 16.744 25 l.42]xI0·6 4.402 16.047 14.403 17.880 30 1.42 IX l 0-6 4.402 16.850 15.0 I 5 I 8.910 35 l.42}x}0-6 4.402 I 7.589 15.568 19.872 40 l.42}x}(r6 4.402 18.283 16.079 20.790 45 l.42IxJ0-6 4.402 18.948 16.560 21.68 I 
50 1.42Jx](i

6

4.402 19.596 17.020 22.561 55 1.421 x I 0-6 4.402 20.236 17.468 23.442 60 1.42 l X 10-6 4.402 20.878 17.909 24.339 
65 1.42}x}(r6 4.402 21.534 18.352 25.267 
70 } .42} X} 0-6 4.402 22.214 18.803 26.244 
75 l.42IxIQ-6 4.402 22.937 19.273 27.299 
80 1.42IxI0-6 4.402 23.728 19.775 28.471 
85 1.42IxI0-6 4.402 24.632 20.335 29.836 
90 } .42} X 10-6 4.402 25.740 21.000 3 l.549 
95 1.42 IX 10-6 4.402 27.325 21.91 l 34.077 

• 

• 

• 
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4J.J. Interval between age at first sex and age at first birth The eStimates of the scale and shape parameters of the Weibull model were estimated as0.22 (9 5 % CI: - I · 7 4--0 · 23) and 1-26 ( 9 5 ¾ CI: I . 25-1.27) respectively. The confidence interval Of the shape parameter does not contain unity and this goes to show that the hazard function for age
at ftist birth cannot be modelled with exponential distribution. Figure 4.3-5 shows the distribution
of interval bet\veen sex debut and first birth. Table 4.3-3 shows the estimates of the percentiles.
The estimated median first sex to first birth interval was 2.4 7 years (95% Cl: 2.66-2.86). Hence,
95% of the time, the women have their first child after 3 years. The interval is more prec15e• 

compared to the estimate median from Kaplan-Meier estimates and the results go to show that age

at first birth could be estimated using the Weibull distribution.
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) 4 3-3: Maximum Lilcelihood Estim t r w · 
· 

fab e · 
a es o e1bu1I parameters for interval between age

at first and age at first birth

percentile (p) Scale parameter (a) Shape parameter (b) t(p) Lower 95% CI Upper95%CI5 0.223 
1.259 0.312 0.310 0.313 10 0.223 
1.259 0.552 0.548 0.556 15 0.223 
1.259 0.779 0.771 0.787 20 0.223 
1.259 1.002 0.989 1.0 I 5 25 0.223 
1.259 1.226 1.207 1.245 30 0.223 
1.259 1.454 1.428 1.482 35 0.223 
1.259 1.690 1.654 1.726 40 0.223 1.259 1.935 1.887 1.983 45 0.223 1.259 2.192 2.132 2.254 so 0.223 
1.259 2.465 2.389 2.544 55 0.223 1.259 2.759 2.663 2858 0.223 1.259 3.077 2.959 3.201 • 

60 

3.582 

65 0.223 1.259 3.428 3.282 

4.014 
70 0.223 1.259 3.823 3.641 

4.516 
0.223 1.259 4.276 4.049 

75 

5.1 I 9 
0.223 1.259 4.814 4.527 

80 

5.884 
0.223 1.259 5.486 5.115 

85 

5.896 6.943 
0.223 1.259 6.398 

90 

8.722 
0.223 1.259 7.886 7.131 

95 
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4 4. Modeling of age at interval of first · sex to first birth 
4.4.1. Single-level modeling of the intervaJ between age at first sex and age at first birth

Interval between first sex and frrst birth were fi . . itted mto a Level 1 Weibull regression model using

the parametric proportional hazard of the model, as presented on Table 4.4-1, with LR x2(20) =

3 I 34 · 85, P < O · OO l , AIC = 561 15 · 94 · The hazard ratio compares women with wide intervals with

\Vomen \.Vith narrow intervals. As ex t d . . . pee e , age at first sex was a s1gruficant predictor of the

interval (HR = I.OB, p<0.001 ), ,vhich implies that the interval between first sex and first birth

widens by 8% as the ages of the women increased i.e. women that had their first sex at early ages 

have narrower interval bet\veen first sex and first birth. This is also similar to what is observed 

with the birth cohort. Older women tend to have wider interval compared to the younger ones. 

Place of residence was not significant in the model (HR= 0.999, p = 0.996). Compared to women 

that \Vere Catholic, all the other religions had smaller intervals but the probability of narro\.ver 

interval between frrst sex and first birth was not significantly different between Catholics and other 

Christians (HR= 1.03, p = 0.19). With regards to the educational attainment, the interval increased

with increasing education although the interval is lo\ver for \Vo men with less than secondary 

education compared to those with no education. 

H�ving controlled marital status, ever used contraceptives, and ever terminated pregnancy, 

the result shows that the hazard of narro\ver first sex to first birth is 15% higher for \vomen that 

h d b · ·on (HR - I ] 5 p = 0 00 I) providing an indication that married women 
a never een in a uni - . , · , 

controlled their first birth better than the unmamed won1en . Women that used contraceptives gave 

· · · h that do not use contraceptives after their first sex (HR= 0.94
birth s1gruficaotl y later t an women

......... - · t d a pregnancy had small mterval of sex debut to first birth
p == 0.003). Women that ever te11111na e 

f d a pregnancy (HR = 1.07, p < 0.00 I).
compared to women that never tennina e 
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4 4. IVlodeling of age at interval of first . · sex to first birth

4.4,1. Single-level modeling of the interval between age at first sex and aoe at first birth
t, 

Interval between first sex and f1rst birth we . re fitted mto a Level I Weibull regression model usmg
the parametric proportiona I hazard of the model, as presented on Table 4. 4-1, with LR x.2(20) =
3134-85, P < O.OO 1' AIC == 56115-94- The hazard ratio compares women with wide intervals with

\Vomen with narrow intervals As ex t d · pee e , age at first sex was a significant predictor of the
· 1 (HR = 1 0 8 p<O 00 I) h. h · · mterva · ' · , \V IC implies that the interval between first sex and frrst birth 

widens by 8% as the ages of the women increased i.e. women that had their first sex at early ages

have narrower interval between f1rst sex and f1rst birth. This is also similar to what is observed

with the birth cohort. Older women tend to have wider interval compared to the younger ones.

Place of residence was not significant in the model (HR= 0.999, p = 0.996). Compared to women 

that ,vere Catholic, all the other religions had smaller intervals but the probability of narrower 

interval between first sex and first birth was not significantly different between Catholics and other 

Christians (HR= 1.03, p = 0.19). With regards to the educationa] attainment, the interval increased 

\vith increasing education although the interval is lower for \Vomen \vith less than secondary 

education compared to those with no education. 

H�ving controlled marital status, ever used contraceptives, and ever te11r1mated pregnancy,

the result shows that the hazard of narro\ver first sex to first birth is 15% higher for \\'omen that

h d b · (HR - 1 15 p = O 001) providing an 1nd1cation that n1arried womena never een 1n a uruon - . , · , 

contro le etr trSt lfl e er 1 d th · fi b' h b tt than the urunarried \Vomen. \Vomen that used contraceptives gave

· . . h that do not use conlraceptives after their first sex (HR = 0.94
birth s1grufica11tly later t an women 

· d 8 pregnancy had small interval of sex debt1t to first btrth
p = 0.003). Women that ever tennmate 

. f d a regnancy (HR= 1.01,p < 0.001)
compared to women that never Lermina e p 
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The estimated values of the scale and shape parameters were a = 0.314 (SE = O.OOS) aDd b
== I .369 (SE=0.006) respectively. With this model, the median of the interval was estimated as78 (95% CI: 1.75-1.82), after controlling for demographic and reproductive health factors, as

1. 

shown on Table 4.5-2. 

• 
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Table 4.4-1: Weibull Model fitt· fi · 111g or interval behveen first sex and first birtl1

Factor 

Age at first sex 

Birt/, cohort 

15-19

20-24
25-29
30-34
35-39

40-44

45-49

Type of residence 
Rural 

}JR 

1.079 

0.730 
0.498 
0.399 
0.345 
0.332 
0.342 

Urban 0.999 

Religion 
Catholic 

Other Christian 
Islam 
Traditionalist 
Other 

Educatio11a/ attai11ment 
No education 
Incomplete primary 
Complete primary 

Incomplete secondary 
Complete secondary 
Higher 

Ever been in a 111,ion 

No 

1.033 
1.226 
1.156 
3.417 

1.151 
1.065 
0.910 
0.738 
0 537 

Yes 1.151 

Ever used co11traceptil1es 
No 

Yes 0.944 

Ever tern,inated preg11ancy 
No 

Yes J .071 

Constant 0.106 
/ln_p 0 314 
p I 369 

, 1/p 0.731 

• 

• 

• 

SE 95°
/o CJ 

Lo,ver 

0.002 0.000 1.074 

0.025 0.000 0.682 0.017 0.000 0.466 
0.014 0.000 0.372 0.012 0.000 0.322 
0.012 0.000 0.308 
0.013 0.000 0.317 

0.016 0.966 0.969 

0.026 0.191 0.984 
0.033 0.000 1.163 
0.081 0.037 1.008 
1.2] 2 0.001 1.705 

0.035 0.000 l .085
0.024 0.005 1.019
0.024 0.000 0.864
0.019 0.000 0.702
0.017 0.000 0.504

0.049 0.001 1 058 

0.018 0.003 0.909 

• 

0.018 0.000 l 035

0.007 0.000 0.093 

0.005 0 000 0 304 

0.007 1 356 

0.003 0 724 

99 
• 

• 

u er

l .083

0.782 
0.532 
0.427 
0.371 
0.357 
0.367 

1.030 

1.085 
1.293 
1.326 
6.846 

1.221 
1.1 l 2 
0.959 
0.776 
0.572 

1.252 

0.981 

1 107 

0 120 
0 323 
1.382 
0.738 
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The model was used to estimate the interval between age at first sex and first birth (Table4.4-2). Median of the intenial was estimated at 1.?S years (9S% CI: l.?S _ 1.82). Figure 4.4-1shows the trend in the interval between sex debut and first birth with a growing 95% CI.

fable 4.4-2: F ,tin1arl", nr 1nt·tli:111 i111cn al hl"l\i ccu 'L"\ dL·l,ut Jnt.l lir�t ,c� u,in:! lixL·c1 clTccr
\ \ e i lJ tJ 11 r r 1 <, l It' I 

Percentile Shape Scale parameter Lower95% Upper 953/o (p) parameter (a)
(b) t(p) CI CI 5 0.314 1.369 0.266 0.265 0.267 JO 0.314 1.369 0.450 0.448 0.453 15 0.314 1.369 0.618 0.614 0.622 20 0.314 1.369 0.779 0.772 0.786 25 0.314 1.369 0.938 0.928 0.948 

1.111 
30 0.314 1.369 1.098 1.084 

1.278 
35 0.314 1.369 1.260 1.242 

1.450 
40 0.314 1.369 1.427 1.404 

0.314 1.369 1.601 1.572 1.629 
45 

0.314 1.369 1.783 1.748 1.819 

50 

1.934 2.021 
0.314 1.369 1.977 

55 

2.134 2.240 
0.314 1.369 2.186 

60 

2.35 l 2 481 
0.314 1.369 2.415 

65 

2.591 2 750 
0.314 1.369 2.669 

70 

2.959 2.863 3.058 1.369 75 0.314 

3.299 3.180 3.423 1.369 80 0.314 

3.569 3.878 1.369 3.721 85 0.314 

4.086 4.496 4.286 1 .3690.314 90 

4.902 5.504 1.369 5.194 0.314 95 
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4_4.2. Comparing Weibull PH and Cox PH

Table 4 .4-3 shows comparison between the Weibull PH and the Cox PH. In general, the effect of

each of tbe explanatory variables on the outcome variable is quite comparable except for religion

\vhere the HR of Traditionalist to Catholic \vas no longer significant (HR= l .096, p = 0.187). Also,

the Cox PH provided higher p-values generally compared with the Weibull; and it 1s mconclusive

that the estimates of the HR for the Cox PH model was more precise than those of the Weibull PH

model, as some of the 9So/o CI for the Weibull, e.g. HR for the cohorts, education level, and

contraceptive use from the Weibull PH model are more precise than those of the Cox PH model.

Comparing the info1rr1ation criteria, though being used to compare nested models, the AIC for the

Cox PH model is about 8 times higher than that of the Weibull PH model. Hence, the results sho\v

that the Weibull is amenable modeling the interval between first sex and fust birth.
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T:ililc 4.4-3: ('om11ari11g hazard ratios 1 , . · (Jr ti,� '' c1 l>11 ll u11d ('t,x 1>1 I 111c)<.lc)s
Weibull PH

-

Factor HR SE 
Age at first sex 1.079 0.002 0.000 Birth col,ort 

15-19
20-24 0.73 0.025 0.000 25-29 0.498 0.017 0.000 30-34 0.399 0.014 0.000 35-39 0.345 0.012 0.000 40-44 0.332 0.012 0.000 45-49 0.342 0.013 0.000 T;pe of residence

Rural

Urban 0.999 0.016 0.966 Religio11
Catholic

Other Christian 1.033 0.026 0.191 Islam 1.226 0.033 0.000 
Traditionalist 1.156 0.081 0.037Other 3.417 
Educational attainment

1.212 0.001 

No education

Incomplete primary 1.15 I 0.035 0.000 
Complete primary 1.065 0.024 0.005 
Incomplete secondary 0.9 I 0.024 0.000 
Complete secondary 0.738 0.019 0.000 
Higher 0.537 0.017 0.000 
Ever been in a 11nion
No 

Yes 1.151 0.049 0.001 
Ever 11sed contraceptives 
No 

Yes 0.944 0.018 0 003 
Ever ter1ninated pregna11cy 
No 

Yes 

Constant 
/ln_p 

p 

l/p 

LR X:?(20) 

1.071 0.018 0.000 

0.106 0.007 0.000 
0.314 0.005 0.000 
I .369 0.007 

0. 731 0.003

3134 58  0.000 
AIC 56115.94 

95%c1 
Lo,ver 

1.074 

0.682 
0.466 
0.372 
0.322 
0.308 
0.317 

0.969 

0.984 
1.163 
1.008 
1.705 

1.085 
1.019 
0.864 
0.702 
0.504 

1.058 

0.909 

1 .035 

0.093 
0.304 
1.356 

0.724 

u er

1.083 

0.782 
0.532 
0.427 
0.371 
0.357 
0.367 

1.03 

1.085 
1.293 
1.326 
6.846 

1.221 
1.112 
0.959 
0.776 
0.572 

1.252 

0.981 

1.107 

0 12 
0 323 
1.382 

0.738 

HR SE 

1.053 0.002 

0.824 0.029 
0.643 0.022 
0.566 0.020 
0.516 0.018 
0.505 0.019 
0 523 0.019 

1.004 0.016 

1.015 0.025 
1.133 0.030 
l 096 0.076
2.186 0.775 

1.110 0.033 
1.055 0.023 
0.944 0.025 
0.8 I 6 0.021 
0.650 0.021 

I .093 0.047 

0.956 0 019 

1.045 0 018 

1357 37 

432078 3 -
· C ·, ,a· HRLR= likelil1ood Ratio, AIC = Akaike lnfor,,,ar,o,, '' er ' Hazard Ratio 
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Cox PH 

0 000 

0.000 
0.000 
0.000 
0 000 
0.000 
0.000 

0.793 

0.543 
0.000 
0.187 
0.027 

0 001 
0.016 
0 031 
0.000 
0.000 

0.039 

0.019 

0 01 l 

0 000 

95o/o Cl 
Lo,ver u er

1 048 J .057 

0.769 0 882 
0.601 0.687 
0 528 0.606 
0.481 0.553 
0.470 0.543 
0 486 0 562 

0.974 J 035 

0.967 1.066 

I 075 1.194 
0.956 I .257 
I 091 4.381 

1.047 I 177 
1.010 1.101 
0 897 0.995 
0.777 0 857 
0.610 0.692 

1.005 l 189

0 920 0.993 

1 010 I 080 
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4.4.3. Multilevel mL�ed-effect modeling of interval benveen age at sex debut and first birth

4.4.3.1. Adjusti11g for age at first cohabitatio,, 

The primary sampling unit (PSU) \Vas included in the parametnc model as a mixed effect to 

control of level to variation the observed data. Table 4.4-4 shows results of the mixed effect 

model controlling of the primary sampling unit as second-level variable. Unlike what obtained 

with the fixed effect model, hazard ratio of age at fu-st birth is less than unity (HR = 0.96, p <

0.001 ); there is a significant hazard ratio between the urban and rural women (HR= 1.08, P = 

0.02); \vith regards to religion, only the Muslim women significant HR (HR = 0.89, p < 0.001)

\Vith respect to the Catholic women and the other religions are not s1gn1ficantly different from 

the Catholic women. Also, the hazard ratio bet\veen women with no education and those with 

incomplete secondary education is not significant (HR = 0.96, p = 0.12); and hazard of narro\ver 
interval was not significant between women that ever tem1inated pregnancy and those that never 

did (HR= 0.985, p = 0.43). Estimated values of the Weibull scale and shape parameters were 

0.15 and 6.53 respectively. Ho\vever, including the age at first cohabitation in the model forced 
marital status out of the model because of colinearity. Hence another model was run to account 

for marital status. 

• 

• 
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4.4.3. Multilevel niixed-effect modeling of interval between age at sex debut and first birth

4.4.3.J. Adjusting for age at first co/1abitatio11 

Tl1e primary sampling unit (PSU) was included in the parametric model as a mixed effect to 
control of level to variation the observed data. Table 4.4-4 shows results of the mixed effect 

model controlling of the primary sampling unit as second-level variable. Unlike what obtained

with the fLxed effect model, hazard ratio of age at first birth is less than unity (HR = 
0.96, P < 

0.001 ); there is a significant hazard ratio between the urban and rural women (HR = 1 08, P =

0.02); ,11itb regards to religion, only the Muslim ,vomen significant HR (HR= 0.89, p < 0.00 l)

with respect to the Catholic won1en and the other religions are not sigruficantly different from 
the Catholic women. Also, the hazard ratio bet\veen women with no education and those with 
incomplete secondary education is not significant (HR = 0.96, p = 0.12); and hazard of narro"ver 
interval was not significant between won1en that ever terminated pregnancy and those that never 
did (HR= 0.985, p = 0.43). Estimated values of the Weibull scale and shape parameters were 

0.15 and 6.53 respectively. However, including the age at first cohabitation in the model forced 
marital status out of the model because of colinearity. Hence another model was run to account 

for marital status. 
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1·ahlc 4.�-4: \\ eil1ull l1ascli11c ltuzut·(J cstirn t,. .· 
sex ,lJld fj1·s( l>irtJ1 

· a �s '' tftl mixc(I effects f<,r i1tf'<:�t"\·u1 l>ct,, ccn fi1·.st

Factor* 
-

Age at first birth 

Birr/, cohort 

15-19 

20-24 
25-29 
30-34 
35-39 
40-44 
45-49 

Type of residence 

Rural 
Urban 

Religion 
Catholic 
Other Christian 
Islam 
Traditionalist 
Other 

Educational attain111e11t 

No education 
IncompJete primary 
Complete primary 
Incomplete secondary 
Complete secondary 
Higher 

Age at first co/1abitarion 

Ever 11sed contraceptives 
No 
Yes 

Ever terminated pregr,anC)' 
No 
Yes 

Constan, 
Ra11dom effect Factor 

Primary SampJing Unit (Community) variance
lln_p 
p 
1/p 

HR 

0.955 

0.694 
0.501 
0.403 
0.343 
0.276 
0.272 

1.082 

1.043 
0.886 
0.899 
1.799 

1.250 
1.135 

0.960 
0.88 l 
0.794 

0.841 

1.232 

0.985 

0.000 

0 047 
I 876 
6 526 
0.153 

SE 

0.003 

0.025 
0,017 
0.014 
0.012 
0.010 
0.010 

0.016 

0.026 
0.023 
0.061 
0.638 

0.037 
0.025 
0.025 
0.022 
0.025 

0 002 

0.021 

0 019 

0.000 

0 004 

• 

Al•C -26504 65 . 
*Ever been in a union ,vas excluded because of col1neanty

105 
• 

p 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.000 

0.087 
0.000 
0.115 
0.098 

0.000 
0.000 
0.1 I 8 
0.000 
0.000 

0 000 

0.000 

0429 

0 000 

0.000 

• 

95%CI 
Lower 
0.949 

0 648 
0 468 
0.376 
0.320 
0.256 
0 252 

l.050 

0.994 
0.841 
0.788 
0 898 

1.180 
1.088 
0.912 
0.839 
0 746 

0.837 

1.192 

0 949 

0.000 

1 868 

Upper 
0.961 

0.745 
0.537 
0.432 
0 369 

0.297 
0.293 

1.115 

1.094 
0.933 
l 026
3 603 

1.323 

l 184
l 010
0.925
0 845 

0 846 

l .274

1.022 

0.000 

I 884 
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4.4.J.2. A,lj,,sti,,g of 11,arit,1/ status

In order to account for differences between women th t . . d th e that never a were ever 1n a uruon an os ,

age at cohabitation was removed in lieu of ever had a union or not. The result is present in Table

4.4-5. Effect of age at first sex, birth cohorts, educational attainment, and contraceptive use are

similar to the previous mixed effect model but generally with lower estimates of hazard ratios,

more precise confidence intervals, but larger AIC. Ho\vever, the region is now significant in the

model, which implies that marital status strongly affects the interval between fust birth and birth

sex as a result of the fact that more than four-fifth of the women were had ever been m a uruon,

although not all the births were within marriage. Hazard of narrower interval between ages at fir5l

sex and first birth was 12o/o (HR = 1.12, p = 0.04) higher for \vomen that had ever been in a union

compared to women that had never been in a union.

• 

• 
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·1·uble 4.4-5= \\.eih11II llascliiie 11,., • •  j - uZtlt ( � t1m·1tt·. .• I 
. 

sex ,,11(1 l1r·st 1JirtJ1 C(JntrollctJ i . 
' s '' rt l mtxc<J effects f<>t· i1itc1,·a1 J>ct" cert fit-sf

01 \\ t>Jiic11 c, er i11 a 1111i1,1a

Factor 

Age at first birth 

Birth cohort 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

TJpe of reside11ce 

Rural 

Urban 

Religion 

Catholic 

Other Christian 

Islam 

Traditionalist 

Other 

Educational attainme,,t 

No education 

Incomplete primary 

Complete primary 

Incomplete secondary 

Complete secondary 

Higher 

Ever been i11 a 111,ion 

No 

Yes 

Ever ,,sed contraceptives 

No 

Yes 

Ever ter111i11ated preg11a11cy • 

No 

Yes 

• 

-

1-1 R 

0.834 

0.707 

0.496 

0.368 

0.303 

0.273 

0.269 

0.999 

1.128 

1.324 

1.117 

2.591 

l 096

1.048

0.850

0.708

0.531

I 120 

I I I 3 

0 986 

107 

• 

\.Veibull Pl-I Mixed Model 

95% CJ 

SE p Lower Upper 

0.002 0.000 0.831 0 838 

0.024 0.000 0.662 0.755 

0.016 0.000 0.465 0 529 

0.013 0.000 0.344 0.394 

0.011 0.000 0.283 0.324 

0.010 0.000 0.254 0 293 

0.010 0.000 0 251 0 289 

0.015 0.947 0.970 1.029 

0.027 0.000 1.076 I 182 

0.034 0.000 I 258 1.393 

0.075 
• 

0.100 0.979 1.274 

0.866 0.004 1.345 4 989 

0.032 0.002 1.035 I 160 

0.022 0.029 1.005 l 092

0.022 0.000 0 808 0.893

0.017 0.000 0 676 0 743 

0.016 0 000 0 499 0 564 

0 044 0 004 1.036 I . 211 

0 018 0.000 1.078 1.149 

• 

0.019 0.470 0.951 1.024 

•
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• 

factor 

Constant 

Random Effect 

PSU (sd) 

/Jn_p 

p 

1/p 

AIC 

-

• 

• 

• 

HR 

0.000 

0.000 

1.792 

6.000 

0.167 

-I 00199

108 

Weibull PJ.J Mixed Model

95% CI 

SE 
p Lower Upper 

0.000 0.000 0.000 0.000 

0.000 0.000 0.000 0 000 

0.004 0.000 I 784 1.800 
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Chapter Five

Discussions

5.0. Introduction 

This section provides insight into the r l th esu t at were obtained from the an·alyses and also discusses

some of the limitations to the study p
· 

h . . · rrst, t e descnpt1on of the data is discussed then the model

fitting for the baseline hazard and lastl th · · · · · 
Y, e parametnc multilevel modelling. The obJect:Jves of 

the study were fmally discussed. 

The Study had looked at fitting the baseline hazard of age at first sex, age at futh birth, and

their interval to a parametric survival model - the Weibull model usino both 01aphical and
' 0 0 

analytical approaches, using data obtained from the Nigeria DHS 2013. Description of the 

individual-level and community-level variables was provided. Study variabJes were also described 

and factor-described by individual and community level variables. Cumulative log hazard plot was 

used to investigate the suitability of the data to a Weibull distribution and a general parametric 

survival model that uses Guassian quadrature to estimate the cumulative hazard function ,vas used 

to fit the baseline hazard to Weibull distributions. Parameter estimates \vere used to predict 

quintiles of the survival variables, wl1ich were compared with the est1n1ates from the Kaplan-Meier 

analysis. Aftenvards, fixed effect and random effect parametnc n1odels \Vere fitted and compared 

with the semi-parametnc Cox proportiona1 hnzards model All paran,eter estimates \Vere done 

using maximum likelihood estimation. 

5.1. Results from exploratory data analyses

· 
d fr secondary source (Nigeria DHS 2013) among \VOmen of

Although the data was obtame om a 

. 1 resLilts obtamed from the data provide add1t1onal 1n51ght in
reproductive age that ever I1ad sex, t 1e 

]09 
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Chapter Five

Discussions

5.0. Introduction 

This section provides insight into the r 1 h . esu t t at were obtamed from the analyses and also discusses

some of tbe limitations to tbe Sludy. First, the description of the data is discussed then the model

finin° for the baseline hazard and lastl th · · · · · 
0 Y, e parametnc multilevel modellmg. The obJecttves of

the study were fmally discussed. 

The Srndy had looked at fitting t11e baseline hazard of age at first sex, age at futh binh, and 

their interval to a parametric survival model - the Weibull model, using both graphical and 

analytical approaches, using data obtained from the Nigeria DHS 2013. Description of the 

individual-level and community-level variables was provided. Study variables \.Vere also described 

and factor-described by individual and community level variables. Cumulative log hazard plot was 

used to investigate the suitability of the data to a Weibull distribution and a general parametric 

survival model that uses Guassian quadrature to estimate the cumulative hazard function \Vas used 

to fit the baseline hazard to Weibull distributions. Parameter estimates \Vere used to predict 

quintiles of the survival variables, which were compared \Vilh the est1n1ates from the Kaplan-Meier 

analysis. Afterwards, fixed effect and random effect parametric models \Vere fitted and compared 

with the semi-parametric Cox proportional hazards model. All parameter estimates \Vere done 

using maximum likelihood estimation. 

5.1. Results from exploratory data analyses

· 
d fr a secondary source (N1gena DHS 2013) an1ong \\omen of

Although the data was obta1ne om 

t1 Its obtained from the data provide addit1011al iJ1sight m
reproductive age that ever had sex, 1e resu 
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• 

to the reports of the 2013 Nigeria DHS · Age at sex debut, age at frrst birth and intervaJ between

the two have been described as re d · pro ucnve l1ealth mjlestones. Literature showed that these two

events could be used in lieu of a fi t · ge at irs mamage to describe the fertility of women especially

given the increasing incjdences of premarital births.

The analyses covered wo · h men m t e reproductive age range 15-49 years but the results also

showed that there is considerabl · 
· 

· 
· th e vanat1on m the reproductive health milestones. Despite e

efforts of tbe government to increase literacy rates among women and with 63% literacy rate

among \vomen (NPC [Nigeria] and ICF International, 2014) one would expect that the age at frrst

birth and sex debut would rise but the reverse is the case. Need for educational attainment and

career fulfilment have been described to be protective of age at first sex and frrst marriage but the

current study sho\vs that th.is is nor largely the case. However, the observation is due to the low

educational status of \vomen in Northeastern and Northwestern geopolitical zones ofNigeria. Early 

exposure to sexual intercourse and low contraceptive use was quite higher among the Muslims, . 

majority of whom are from the Northeastern and Northwester regions of Nigeria, compared to 

other religions. Women that had never been in a uruon and women that had never had a birth were 

also found to have been using contraceptives more than \Vomen that ,vere married. 

5.2. Description of study RH milestones 

Although the essence of this study was not to model the RH events tn themselves but therr baseline

hazard of occurrence, it was necessary to provide ins1ght into the nature and charactenst1cs of the

raw data. The median age at these RH events as ,veil as their interval has declined over time \Vith

h b.rth h rt median age at first sex declined from 17 years among the 40-44 years
respect to t e 1 co o s, ' 

. the J 5-19 years buth col1ort and the med1an age at first birth also
birth cohort to 15 years among

16 among the birth cohorts aforen1entio.ned respect1\ el)'. This 1s
decreased from 20 years to years 
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despite the fact that the expected m d · e tan age at frrst marriage in Nigeria is 18 years among women.

TJ1e results corroborate the assertio · 0 m the NDHS that men and women in Nigeria tend to initiate

sex before maniage (NPC [Nigeria] d an ICF International, 20 J 4). Current trend in non-marital

cohabitation would continue to en courage early sexual debut, Iong-te1n1 exposure to multiple

sexual partners, and may not curtail th I e O\V contraceptive prevalence. The interval between first

sex and first birth has been shrinki · 
· ng pomtmg to the fact that contraceptive use is ]ow but does not

decry tbe fact tbat a number of binhs now take place within the ambient of marital union. The

shrinking interval corroborates the work of Feng and Quanhe (1996) where they showed a reducing

trend in interval between marriage and first birth. On the other hand, unlike the works of Feng &

Quanhe (1996) and those of Finer & Philbin {2014) where they sho\ved a growing trend in age at

first birth and age at first marriage, this study shows the reverse. Women, over time, are giving

experience sexual debut earlier, marry earlier, and consequently give birth earlier. 

5.3. Graphical model fitting 

The first objectives of this study were to investigate the probability distribution of baseline hazard 

of age at first birth, age at sex debut and the interval between them. Attempt \Vas made to fit the 

baseline hazard to Weibull distribution. The log cumulative hazard plot sho\ved that Weibull

distribution could fit the baseline hazard of the RH events. The survival function \Vas transfor111ed

into a log cumulative hazard equation that could be evaluated as a linear equauon and the log

cumulative hazard plot obtained was near straight line. Estimates of the shape and scale paran1eters

d d. t th percentiles of RH events Compared to the median values predicted by
\Vere use to pre 1c e 

h M · 1 the estimates of 1J1e parametnc distnbut1on \\'ere less precise For
t e Kaplan- e1er estuna es 

· h KM 1· ates for median age at sex debut \Vas 16 years (95° o Cl. 15.94-
instance the values oft e es tm 

• 
16 6 , rs (95% CI: 16.43-16 80) On the other hand, the

16.05) while that of Weibull model was ) ea 

I I I 
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KM estimates of the median interval b etween sex debut and frrst birth was 2 years (95% CI: 1.97-

2.03) and less precise compared th to e parametnc estimate of 1.98 (95% CI: 1.96-2.01) years.

Although tl1e interval between sex deb ut and first birth could have been assumed to follow a no1"InaJ

distribution, fitting a WeibulJ distrib ution showed more likelihood of a Weibull given the results.

5.4. Analytical model fitting

Similar to the graphical model fitting, the baseline hazard of the RH events was estimated using 

the Weibull distribution. The estimation of the hazard function using maxunum likelihood 

estimation of the Weibull parameters was assessed. The Weibull distribution showed a good 

capacity to estimate the median values of the age at fust sex, age at f1ISt birth and the interval 

between them. The estimates of the interval were more precise than the other variables. The 

stgenreg estimation proposed by Crowther and Labert (2013) did not particularly produce better 

estimates than the streg module of Stata ho\vever, stgenreg is very amenable to most parametric 

survival time models. 

The findings from the comparison of Weibull PH model and Cox PH model is very sunilar 

to the finding of Stewart (20 I 0, pp. 226-228) who also found that the result of the parametnc

method is similar to Cox PH with major disparities \Vhen comparing birth cohort years, although 

she compared the sing]e-leve] Cox with multi-level logistic regression model and her estimauons 

were done by penalized least squares estimation on MLwiN Her \Vork also attests to the fact that 

inferences from the parametric methods are similar to the Cox PH, ,vh1ch produces lo\ver 

estimates. 

. · ·b· · h been described as being very robust to accommodate se\'eral
The Weibull d1stri ution as 

. . 1- 1: of the exponential model and these t\vo are the only ones
survival data. First 1l 1s a genera 128 ion • 

. I rated fail tire time fo1 IIlS.

than can be estimated using the acce e 
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5.5. MultiJevel modeling 

Fixed factor modelling showed that age at first sex is a significant predictor of the interval between

first sex and first birth. Women that 11ad l sex ear Y tend to have lower interval. Furthe1more, the

interval increased with birth cohort Old h · · er \VOmen ad larger interval compared to the young 

cohorts but the interval \Vas not different between rural and urban \vomen. Catholics and other 

Christians had rugher sex debut to frrst birth interval, which could be attributed to the fact that 

most Muslims lived in northern parts of Nigeria where there is very low contraceptive use and 

under-age marriages are comn1on. Women in this zones of the country usually experience sexual 

debut during their fust marriage because of strict religious demands about sexuality that could 

have severe consequences if violated. Increased education has been linked with later age at sex 

debut and later birth. This fixed factor model shows that that the interval between frrst sex and ftrst 

birth could also be increased by education attainment of the women with more education implying 

increasing interval. Authors have showed that educational status has been linked with

contraceptive use and the univariate analyses sho\v that women \vith higher education use 

contraceptives twice as much as women with primary education and 12 times more than \VOmen 

with no education. • 

Ever being in a union and contraceptive use increased the interval vvhile pregnancy 

te1111ination decreased the interval, \vhich also is similar to the findings of Suba1ya and Johnson

(2008), who found that having a birth pnor to first union, initiating se�ual activity vvh1le 5ttll in

school, number of lifetime partners, te11n1nating a pregnancy, and practicing contraception as

significantly associated with longer intervals bet\veen first sex and first marriage, which eventually

influences fi;st bu1h as birth 1s usually planned with mamage.
• 
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The estimated median interval w 1 as · 78 years which is less than 2 years from the Kaplan

Meier estimates. However tl1e fixed f- t ac or estimate has been controlled for demographic and RH

characteristics. Given early mani ages in some parts of the country, change in age at sex debut and

first birth over time then it is d h th · expecte t at e mterval be less than that predicted by the KM

estimates. 

Controlling of community level variation did not particularly alter the results obtained in 

the fixed model. The estimates of the hazard ratios for the multi-level model were more precise 

and hence more reliable. Furthermore, the multilevel modeling showed that accounting for the 

hierarchjcal nature of the data provided better insight into the nature of the variables. For instance, 

age at frrst sex \Vas predictive in the fixed effect model but became protective in the random effect 

model, the hazard ratio of urban-rural became significant in the model, only the Muslims because 

significantly different from the Catholics unlike what \Ve had in the fixed effect model. Exclusion 

of marital status greatly impacted on the estimates of other variables in the model as well as the 

info1111ation criteria for the model. Hence the variable appeared to be of utmost influence. Tlus is 

so because the experience of child birth bet\veen \vomen that ever married or were in a union 1s 

not generally comparable to those that had never married. This is also supported by the 

contraceptive use t11at is different bel\veen the groups. 

Comparing model with age at first cohabitation and model \Vith mantal status provided

insight into how much difference the two vanables can introduce into a model. Including age at

first cohabitation showed that even in the mixed effect model, the interval bet\veen age at frrst sex

and first birth may vary by the age of the women ,vl1ich 1s different bet\veen the urban-rural d1v1dc,

but the Jnterva1 is not significantly different across the urban-rural divide \vhen controlling for

. · · n) Ht�chman & Rindfuss (1980), perhaps one of the earliest to
manta! status (1.e. ever 1n a t1n10 
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study the interval between age al first marriage and first birth at national level across three cultures,
mentioned the high correlation between age at first marriage and first birth and if age at first
marriage is included in a regression of age at first birth on other covariates, age at first marriage
n1ediates almost all the other covariates. Hence, if age at first birth too bad been included in the
model, it would increase the hazard ratio of age at first sex by 400% and mediate the other factors.
Hence, it was excluded. In most culture, marriage at child birth a usually planned together
(Hirschman & Rind.fuss, 1980).

• 
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6.1. ConcltJsion 

C 11 a p t er Six

Co11clusions and Recommendations

The Weibull distnbutaon fitted age at first sex, age at flI'St birtn and their interval. Age at first sex,
education, religion, ,vomcn 's birth cohort, contraceptive use, marital status, and ever terrninated a
pregnancy were significant predictors of the interval between first sex and f1rst birth.

Although the Weibull proportional hazard model produced less precise estimates compared 

to the Cox proporttonaJ hazard model, the conclusions are quite comparable. Also the estimates of 

the Weibull model are also not different from Kaplan-Meier estimates. Furthe1 more, the esttmates 

of the Akaike Information Criteria (AIC) sho,ved that parametnc proportional hazard modelling 

of survival data an reproductive health, in this case the Weibull proportional hazard model, is 

prefera'ble to the Cox PH model. 

6.2. Recon1mcndations 

This study has taken a bold step to investigate the parametric distribution of baseline hazard of 

sexual reproductive events and their intervals. I wot1ld love to recommend that 

] . Further studies be engaged to compare otl1er parametric models, although the Weibull has 

been described to be very robust. 
• 

2. the study be investigated with statistical soft\vare that \vould accommodate more than two

level parametric modeling of sumval data 

3. the multilevel mixed effects parametric survival modeling utilizing MLE through adaptive
& 

and non-adaptive Gauss-Hermite quadrature is still relatively ne\v with few studies havi11g 
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• 

6.1. Conclusion 

Chapter Six 

Conclusions and Recommendations

The Weibull distribution fitted age at frrst sex, age at first birth and their interval. Age at first sex,
education, religion, \Vom en's birth cohort, contraceptive use, marital status, and ever terrn i nated a
pregnancy \Vere significant predictors of the interval between first sex and first birth.

Although the Weibull proportional hazard model produced Jess precise estimates compared 

to the Cox proportional hazard model, the conclusions are quite comparable. Also the estimates of 

the Weibull model are also not different from Kaplan-Meier estimates. Furthe1more, the estimates 

of the Akaike Infonnation Criteria (AIC) sho\ved that parametric proportional hazard modelling 

of survival data in reproductive health, in this case the Weibull proportional hazard model, is 

preferable to the Cox PH model. 

6.2. Recommendations 

This study has taken a bold step Lo mvestigate the parametric distribution of baselme hazard of' 

sexua] reproductive events and their intervals. I \vould love to recommend that 

1. Ft1rther studies be engaged to compare other parametric models, although the \Ve1bull has

been descnbed lo be very robust. 

2. t11e study be investigated with stal1slicnl sofhvare tl1at ,,,ould acconm1odnte more than t\\ o

leveJ parametr1c modeltng of survival data 

3. tJ1e multilevel mixed effects parametnc 5t1rvi\1al modeling t1tilizing �1LE through adnpli\'e

and non-adaJJttve Gauss-l,en111te quadrature 1s still relnt1\ el)' 11e,\ \\'ith f C\\' sn1d1e 
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tried it out. 1 suggest that studies on SRH milestones be studied more effectively with this
new development in Stata.

4. Recall information introduces a lot of bias to large-scale surveys such as the Nigeria DHS.
1 would suggest that calendars and response cards be employed as tools to enhance quality

of response for past events (McDonald, et al., 2003)
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Appendices - Data Analysis Program Syntax Codes

i.o. SPSS syntax commands f I . . . . 
FREQUENCIES 

or exp oratory data analysis and Kaplan-Meier surv1vorsh1p est1mat1on
VARIABLES=V531 V511 V212 FXFB

/FORMAT =NOT ABLE 
/NTILES=4 
/STATISTICS=STDDEV MINIMUM MAXIMUM MEAN MEDIAN MODE SKEWNESS SESKEW KURTOSIS SEKURT
/HISTOGRAM 
/ORDER=ANAL YSIS. 

COMPUTE NHX = (V531 > o). /*Used the inputed values of ever had sex identify m1ss1ng cases*/.
RECODE NHX(SYSMIS=o). 
EXECUTE. 
FREQUENCIES NHX. 
SORT CASES BY NHX(D). 

DATASET ACTIVATE DataSet1. 
FREQUENCIES VARIABLES=Vo13 
/ORDER=ANAL YSIS. 

FREQUENCIES VARIABLES=Vo12 
/FORMAT =NOT ABLE 
/NTILES=4 
/STATISTICS=STDDEV MINIMUM MAXIMUM MEAN MEDIAN MODE SKEWNESS SESKEW KURTOSIS SEKURT 
/ORDER=ANAL YSIS. 

FREQUENCIES VARIABLES=Vo13 
/ORDER=ANALYSIS. 

WEIGHT OFF 

* Descriptive statistics.
(TABLES
NLABELS VARIABLES=V101 V102 V130 V149 DISPLAY=LABEL 
{TABLE V101 [(][COUNT F40.o, COLPCT.COUNT PCT 40.1] + V102 [(][COUNT F40 o, COLPCT.COUNT PCT 40 1) 
+ V130 [(][COUNT F40.o, COLPCT.COUNT PCT40.1] + V149 [(][COUNT F40 o, COLPCT.COUNT PCT40 1)

/CATEGORIES VARIABLES=V101 V102 V130 V149 ORDER=A KEY=VALUE EMPTY=EXCLUDE 

FREQUENCIES v133 v149. 

FILTER OFF. 
USE ALL

SELECT IF (V133 -= o). 
EXECUTE. 

ONEWAY V133 BY V149 

• /STATISTICS DESCRIPTIVES
/MISSING ANALYSIS
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* Custom Tables.
CTABLES
NLABELS VARIABLES=V155 V190 DISPLA Y=LABEL 
���������!�OUNT F4o.o, COLPCT.COUNT PCT 40.1] + V190 (COUNT F40 o, COLPCT COUNT PCT 4o.1]

ARIABLES=V155 V190 ORDER=A KEY=VALUE EMPTY=EXCLUDE

(TABLES
NLABELS VARIABLES=V535 V501 V228 V502 V503 DISPLAY=LABEL 
/TABLE V535 [C][COUNT F40.o, COLPCT.COUNT PCT 40.1] + Vso1 [(][COUNT F40.o, COLPCT.COUNT PCT 40.i]
+ V228 [C][COUNT F40.o, COLPCT.COUNT PCT40.1] + Vso2 [(][COUNT F40.o COLPCT COUNT PCT40.1J +

V503 
[(][COUNT F40.o, COLPCT.COUNT PCT 40.1] 

/CATEGORIES VARIABLES=V535 V501 V228 V502 V503 ORDER=A KEY=VALUE EMPTY=EXCLUDE.

* Custom Tables.
CTABLES
NLABELS VARIABLES=V535 V501 V228 V502 V503 Vo13 DISPLAY=LABEL 
IT ABLE V535 [CJ[COLPCT.COUNT PCT 40.1] + V501 [C][COLPCT.COUNT PCT 40.1] + V228 [q[COLPCT.COUNT
PCT 40.1) + V502 (C][COLPCT.COUNT PCT 40.1] + V503 [(][COL PCT.COUNT PCT 40.1] BY Vo13 [CJ

/CATEGORIES VARIABLES=V535 V501 V228 V502 V503 ORDER=A KEY=VALUE EMPTY=EXCLUDE
/CATEGORIES VARIABLES=Vo13 ORDER=A KEY=VALUE EMPTY=EXCLUDE TOTAL=YES POSITION=AFTER.

* Custom Tables.
CTABLES
NLABELS VARIABLES=Vo13 V149 V501 V503 V502 V228 DISPLAY=LABEL
/TABLE Vo13 + V149 [C] + V501 [C] + V503 [C] + V502 [C] BY V228 [(][COUNT F40.o, ROWPCT COUNT
PCT40.1]

/CATEGORIES VARIABLES=Vo13 ORDER=A KEY=VALUE EMPTY=INCLUDE TOTAL=YES POSJTION=AFTER
/CATEGORIES VARIABLES=V149 V501 V503 V502 ORDER=A KEY=VALUE EMPTY=EXCLUDE TOTAL=YES

POSITION=AFTER
/CATEGORIES VARIABLES=V228 ORDER=A KEY=VALUE EMPTY=EXCLUDE TOTAL=YES .

* Custom Tables.
(TABLES
NLABELS VARIABLES=Vo13 V149 V502 V714 V714A DISPLAY=LABEL
/TABLE Vo13 [(][COUNT F40 o, ROWPCT COUNT PCT40.1] + V149 [C][COUNT F40 o, ROWPCT COUNT

PCT40.1]
+ V502 [(][COUNT F40.o, ROWPCT.COUNT PCT40 1] BY V714 [CJ+ V714A [C]

/CATEGORIES VARIABLES=Vo13 ORDER=A KEY=VALUE EMPTY=INCLUDE TOTAL=YES POSITION=AFTER
/CATEGORIES VARIABLES=V149 V502 V714 V714A ORDER=A KEY=VALUE EMPTY=EXCLUDE TOTAL=YES
POSITION=AFTER.

* Custom Tables.
(TABLES 
NLABELS VARIABLES=Vo13 V149 V502 V101 V102 V212 V511 V525

DISPLA Y=LABEL 
/TABLE y013 [CJ+ y149 [CJ+ Vso2 [CJ+ V101 [CJ+ V102 [C] BY V212 [S][PTILE 25, MEDIAN, PTILE

lS] + v511 [S][PTILE 25, MEDIAN, PTILE 75] + V525 [S][PTILE 25, MEDIAN, PTILE 75) 

ORDER-A KEY=VALUE EMPTY=INCLUDE TOTAL!=YES POSITION-AFTER
/CATEGORl&S VARIABLES=Voi3 -

_ -VALUE EMPTY=EXCLUDE TOTAL=YES 
/CATEGORIES VARIABLES=V149 V502 V101 V102 ORDER-A KEY-

POSITION=AFTER.
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*First sex and first birth interval.
COMPUTE FXFB = V212 - v531.
COMPUTE FXFM = V511• v531.
EXECUTE.

FREQUENCIES FXFB FXFM. 

MISSING VALUES FXFB (-1) FXFM (LO TO -i). 

*Identify all missing cases.

COMPUTE DUMMY = (FXFB +FXFM + FMFB).
RECODE DUMMY (SYSMIS=o) (ELSE=1).
EXECUTE.
FREQUENCIES DUMMY.

* Distribution of m1ssingness.
CT ABLES

NLABELS VARIABLES=Vo13 V101 V149 V502 V714 DUMMY DISPLAY=LABEL 
IT ABLE Vo13 [CJ+ V101 [CJ+ V149 [CJ+ V502 [CJ+ V714 [CJ BY DUMMY [(][COUNT F40.o, 
ROWPCT.COUNT PCT 40.1] 

/CATEGORIES VARIABLES=Vo13 V101 V149 V502 V714 ORDER=A KEY=VALUE EMPTY=INCLUDE TOTAL=YES 
POSITION=AFTER 

/CATEGORIES VARIABLES=DUMMY ORDER=A KEY=VALUE EMPTY=EXCLUDE TOT Al=YES POSITION=AFTER. 

*Missing on first sex and first birth.
RECODE FXFB (SYSMIS=o) (ELSE=1) INTO fxbie.
EXECUTE.

*Never had a birth; INDICATOR VARIABLE.
RECODE FMFB (SYSMIS=o) (ELSE =1) INTO FMBIE.
VARIABLE LABELS FMBIE 'Never had a birth'.
FORMATS FMBIE(F5.o).
VARIABLE LEVEL FMBIE(NOMINAL).
VALUE LABELS FMBIE o 'Never had a birth' 1 'Had a birth'.
EXECUTE.
FREQUENCIES FMBIE.

*Checking for consistency in records on birth history
CROSSTABS

/T ABLES=V201 BY V501 
/FORMAT=AVALUE TABLES 

/CELLS=COUNT COLUMN 
/COUNT ROUND CELL. 

* EXPLORATORY DATA ANALYSIS

(TABLES

/VLABELS VARIABLES=Vo13 V101 V102 V149 V502 V212 V511 V531 FXFB

DISPLA Y=LABEL 

• 

• 

/TABLE Voi] [C] + v101 [C] + Vio2 [C] + V149 [C] + V502 [C] BY V212 [S][MEDIAN] + V511

[SJ[MEDIAN] + V531 [MEDIAN]+ FXFB [S][MEAN]
_ -VALUE EMPTY=INCLUOE TOTAL=YES

/CATEGORIES VARIABLES=Vo13 V101 V102 V149 V502 ORDER-A KEY-

POSITION=AFTER. 

EXAMINE VARIABLES=V531 V511 V212 FXFB 
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/PLOT NONE 

/PERCENTILES(5, io, 25,50,75,90,95) HAVE RAGE
/STATISTICS DESCRIPTIVES EXTREME
/CINTERVAL 95 
/MISSING PAIRWISE 
/NOTOTAL. 

*MODEL FITTING.
*Estimates of the cumulative hazard function.
KM V531 /* Age at 1st sex*./
/ST A TUS=NHX(1) 
/PRINT TABLE MEAN 
/PLOT SURVIVAL HAZARD
/SAVE HAZARD. /*Save the cumulative hazard function and use its values 1n teh next step to plot a straight line
with time. 

KM V212 /*Age at birth*./ 
/ST A TUS=NHX(1) 
/PRINT TABLE MEAN 
/PLOT SURVIVAL HAZARD 

/SAVE HAZARD. /*Save the cumulative hazard function and use its values in the next step to plot a straight line 
with time. 

KM FXFB /*Interval*/ 
/STATUS=NHX(1) 
/PRINT TABLE MEAN 
/PLOT SURVIVAL HAZARD 
/SAVE HAZARD. /*Save the cumulative hazard function and use its values 1n the next step to plot a straight line 
with time. 

*fog cumulatuve hazard.
COMPUTE LOGHZ = LN(HAZ_2).
COMPUTE LOGSX = LN(FXFB).
EXECUTE

*Since the log-cum Hazard and log of survival time are related bt a straight line equation, we estimate the

parameters of Weibull using OLS linear regression.

REGRESSION
/MISSING LISTWISE
/STATISTICS COEFF OUTS BCOV R ANOVA

/CRITERIA=PIN(.05) POUT(.10)

/NOORIGIN 
/DEPENDENT LOGHZ 
/METHOD=ENTER LOGSX. 

* Chart Builder.

GGRAPH
NAME="graphdataset" /GRAPHDATASET 

REPORTMISSING=NO 
/GRAPHSPEC SOURCE=INLINE. 

• 

BEGIN GPL 

SOURCE· s=userSource(1d("graphdataset"))

• 

VARIABLES=LOGSX LOGHZ MISSING=LISTWISE 
• 
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DAT A� LOGSX=col(source{s), name("LOGSXu)) DATA. LO�HZ=col(source(s), name("LOGHZ"))GUIDE· ax1s(d1m{i), label("Log of A f ·  11  

GUIDE d 
ge at 1rst Sex )) . axis( im(2), label("Log-Cumulative Hazard"))ELEMENT: po1nt(posit1on(LOGSX*LOGHZ))

END GPL. 

REGRESSION 
/MISSING LISTWISE 
/ST A TIS TICS COEFF OUTS Cl(95) BCOV R A  NOVA
/CRITERIA=PIN( os) POUT( io) 
/NO ORIGIN 
/DEPENDENT LOGHZ 
/METHOD=ENTER LOGSX 

2·0· Stata commands for est1mat1ng cumulative hazard function curve parameter estimates 
///generate log cum haz FIRST BIRTH 
stset V212 //N212 1s the age at first birth 
sts generate cumhaz_b1r = na 
gen ln_cumhaz_bir = ln(cumhaz_bir) 
label variable ln_cumhaz_b,r "log cumulative hazard function" 
drop cumhaz_b1r 
gen ln_bir = ln(V212) 
label variable ln_btr "log Age at first birth" 
twoway (line ln_cumhaz_bir ln_btr, sort) 
regress ln_cu mhaz_bir ln_b,r 
estat 1c, n(31074) ///AIC 
estat vce //Nariance-covariance matrix 

stset V531, scale(1) ///declare V531 as survival data 
stdescribe Ill describe survival data 
streg, dist(loglog1stic) nolog 
streg, dist(lognormal) nolog 
streg, dist(Weibull) time nolog 
streg, dist(exponential) time nolog 
streg, d1st(gamma) 
nlcom (theta:exp([ln_p]_bLcons])) (beta:exp(-_bLcons])) ///beta and theta
mat list r(V) ///variance-covariance matrix 

MODEL FITTING - stgenreg 
stset FXFB ////Interval between first birth and first sex
stgenreg, loghazard([ln_lambda] :+ [ln_gamma] :+ (exp([ln_gamma])-1):*log(#t)) ln_lambda(NHX) ///NHX

indicates censored and observed data 
nlcom (theta:exp([ln_gamma]_bLcons])) (beta·exp(-[ln_lambda]_bLcons])} ///beta and theta

estat vce ///variance-covariance matrix 

Multiple Regression 
/*Fixed effect model*/ 
stset FXFB, failure(EHAB=1) 

• 
• 

streg v5311.Vo13 1.v102 i.v130 1.v149 i.V502 I.V228 i.V302A, dist(we,bull) nolog
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estat ic ///AIC 

/*Cox Rrgressi on*/
stcox V531i.Vo131.V102i.V1301.V149i.V5021.V228 i.V302A, nologestat ic ///AIC 

/*Ra nd om Effect Model*/
stset FXFB, failure(EHAB=1) ///set FXFB as survival time, Eve r Had A Birth (EHAB ) as cens ored observationxi: st mi xed V531 V102 i.V130 i.V149 V511 V228 V302A V502 II Vo21:, dist(wei bull) nolog

• 

• 
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• 

estat ic ///AIC 

/*Cox Rrgress,on*/ 
stcox V531 i.Vo13 i.V102 i.V130 i.V149 i.V502 i.V228 i.V302A, nologestat ic ///AIC 

/*Random Effect Model*/
stset FXFB, failure(EHAB=1) ///set FXFB as survival time, Ever Had A Birth (EHAB) as censored observationxi: stmixed V531 V102 i.V130 i.V149 V511 V228 V302A V502 II Vo21:, dist{weibull) nolog

• 

• 

• 
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