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Traditionally, age at frst sex (AFS) and age at frst marriage (AFM) have been analysed independently. While useful for
summarising risk factors for each outcome individually, these approaches ofer limited insight into the interdependence between
these events. Tis study used an Archimedean copula model for bivariate right-censored data to jointly model AFS and AFM
reported by 9726 young people aged 15–24 years in Kisesa, Tanzania. Te dependence structure was identifed, the degree of
association between these events and their associated factors assessed, and the trends of predicted medians examined. Various
Archimedean copulas (Ali–Mikhail–Haq, Clayton, Frank, Gumbel, Copula2, and Joe) were evaluated. Copula function selection
was based on the Akaike information criterion (AIC), Bayesian information criterion (BIC), and log-likelihood values, with the
Frank copula and a log-logistic marginal distribution performing best. Te Frank copula’s dependency parameter (θ) was highly
signifcant, with an estimated θ of 39.49, translating to a Kendall’s τ of 0.903 in the unadjusted model, which included only sex as
a covariate, indicating a strong positive correlation between AFS and AFM. Similar results were observed in the adjusted model
(Kendall’s τ � 0.89), which incorporated additional variables such as education and residence area. Trends show a better esti-
mation of AFS and AFM for both females and males over the period 1994–2016 when analysed jointly rather than separately. Te
strong positive correlation suggests these events are highly correlated; hence, using joint models captures interdependence and
provides more accurate estimates. Tis approach can inform targeted interventions to improve youth health outcomes.

Keywords: age at frst marriage; age at frst sex; Archimedean copula models; bivariate right censored; dependence

1. Introduction

Early sexual debut and marriage have been associated with
diverse health risks, particularly for young individuals, ex-
posing them to the vulnerabilities of acquiring HIV, other
sexually transmitted infections (STIs), unintended pregnancies,
childbirth complications, and fertility-related issues [1–3]. A
better understanding of age at frst sex (AFS) and age at frst

marriage (AFM) is essential for improving sexual and re-
productive health (SRH) among young people, especially in
low- and middle-income countries (LMICs) [4–8]. Reported
AFS and AFM have shown that trends and variations in these
ages can signifcantly impact health outcomes and the efec-
tiveness of interventions designed to address these risks [9, 10].

Te analysis of the association between risk factors and
the age at the onset of sexual activity and marriage has
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traditionally been examined independently for each out-
come, neglecting the potential interdependence of these
two events [4–8]. However, historically, many societies
esteemed virginity, and sexual initiation commonly oc-
curred within the context of marriage, whether at a younger
or older age [11]. In contemporary times, however, the
onset of sexual intercourse has shifted to earlier ages, while
the age at marriage has increased. Consequently, adolescent
sexual initiation is likely to occur earlier and before
marriage [11].

Traditionally, AFS and AFM have been analysed as
independent observations. Some studies highlight the
importance of choosing the right method for analysing
these two events [12, 13], and a recent study conducted in
Tanzania emphasizes the signifcance of using the proper
choice of survival analysis methods to fnd factors asso-
ciated with AFS [14]. However, none of these studies
indicated the possibility of dependency between these two
events. Recognising and accounting for this in-
terdependence through joint modelling can enhance the
statistical analysis, provide better model estimates, and
ofer valuable insights into the interactions between early
sexual debut and marriage within the socio-cultural
context. Tese methodological improvements can lead
to a more comprehensive understanding of the risk factors
associated with AFS and AFM jointly.

Tere are few joint models for the analysis of two survival
functions. Te copula survival model is a popular approach
for modelling correlated bivariate time-to-event data. Bi-
variate time-to-event endpoints are frequently used in
clinical trials studying bilateral diseases (e.g., eye diseases) or
complex diseases (e.g., cancer and psychiatric disorders)
[15]. Tese endpoints can also arise in other felds, including
sexual behavioural studies, where two events coming from
the same subject are likely to be correlated. Unlike other
approaches such as the marginal model [16] or frailty model
[17], the copula approach models the joint survival distri-
bution by directly connecting the two marginal distributions
through a copula function [15]. It ofers the distinct ad-
vantage of modelling the marginal distributions and the
dependence parameter(s) separately, thereby allowing for
greater fexibility in marginal models and easier in-
terpretation of covariate efects [15]. Additionally, the
challenge of censoring can be naturally handled through the
marginal distributions within the copula function. Tis
model also provides a measurement of association between
the two failure time variables, quantifed by Kendall’s τ,
which helps assess the magnitude of the relationship be-
tween the two time-to-event outcomes [15].

Tis study aims to identify the dependence structure
between AFS and AFM among young individuals, by
measuring the degree or magnitude of association between
these events. It also observed the risk factors associated with
these events jointly using a copula survival model. Te study
utilized data collected at an average interval of three year
from the Magu Demographic Health Surveillance System
(HDSS), conducted between 1994 and 2016 in the Mwanza
region of Tanzania, focusing on the young population aged
15–24 years.

2. Methods

2.1. Data Source. Cleaned data from eight surveys nested
within the Magu HDSS between 1994 and 2016 were used.
Magu HDSS is an open community cohort of over 54,000
residents in 2022, located 20 km east of Mwanza city. De-
tailed descriptions of the sampling strategies and survey
methods used in Magu HDSS are available in other sources
[18]. In brief, the surveys included all adults aged 15 and
above who were listed in the respective HDSS follow-up
rounds, with data collected using a structured questionnaire.
Te analysis focused on the young population aged
15–24 years, who provided information on whether they had
experienced the events (sex or marriage) and at what age
they frst experienced these events.Te analysis was based on
the dataset provided in the supporting information (Data-
set.xlsx) (available here).

2.2. Measures. Te Magu HDSS survey included two
questions about sexual intercourse to ascertain the end event
(AFS or censoring): “Have you ever had sex? (i.e., ever had
sexual intercourse)” and “How old were you when you frst
had sexual intercourse?” Similarly, to determine the end
event for marriage experience (AFM or censoring), the
survey asked: “Have you ever married? (i.e., ever been
married or in a cohabiting union)” and “How old were you
when you frst married or lived with a sexual partner?”

Te dependent variables in this analysis for each indi-
vidual were AFS and AFM, which represent the age in years
from birth to the respective event. Te end events were
defned as AFS and AFM, where AFS refers to the age at frst
sexual intercourse among those who have ever had sex
(retrospective reports of AFS), and AFM refers to the age at
frst marriage or cohabitation among those who have ever
been married or cohabited (retrospective reports of AFM).
Individuals who reported not being sexually active, or never
being married were right-censored at their age at the time of
the interview. Data on various independent variables were
also collected, including the respondent’s sex, level of formal
education, area of residence, and HIV status. Descriptive
statistics for these variables, as well as for the event variables
(ever had sex, ever married), are summarised in Table 1.

2.3. Statistical Analysis. Te demographic characteristics of
the youth in the survey were summarised using the mean
and standard deviation for continuous variables, and fre-
quencies and percentages for categorical variables. A copula
model for bivariate right-censored data was used to jointly
model the two events—AFS and AFM. To ft this copula-
based regression model, the marginal distribution was
chosen based on the characteristics of the two random
variables. Log-logistic and Weibull distribution functions
were used in the analysis, as they are suitable for modelling
positive continuous random variables (i.e., AFS and AFM)
with fexibility in their shape, as noted in a previous study
with similar data [14]. Te copula family was selected from
the most popular copula families for bivariate censored data
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(i.e., the Archimedean copula family), which has an explicit
form of:

Cn � ϕn ϕ− 1
n (u) + ϕ− 1

n (v)􏽮 􏽯, (1)

where u and v are two uniformly distributed margins.
ϕn is the generator function, which is a continuous,

strictly decreasing and convex function; ϕ− 1
n is the inverse of

ϕn.

2.4. Selection of the Copula Function and Model Fitting. A
variety of bivariate distribution functions meet the criteria of
a copula. Among the most commonly used parametric bi-
variate copulas are the Clayton, Frank, and Gumbel and
others [19]. Te Archimedean copulas examined in this
study are detailed in Table 2.

All of these are defned by only one parameter that
captures the dependence structure, except for Copula2,
which has two dependence parameters (α and θ) that are
explicitly connected to Kendall’s tau (τ) [15]. Where:

θ (theta): Is association parameter that controls the
strength and direction of dependence between the two
variables.
α (Alpha): A secondary dependence parameter in
Copula2, which adjusts the shape of the dependence
structure alongside θ.
τ (Kendall’s tau): A rank correlation coefcient that
quantifes the degree of concordance between two time-
to-event outcomes.

u and v: Te marginal cumulative distribution func-
tions (CDFs) of the two time-to-event variables,
transformed to the unit interval [0, 1].

Since copulas are invariant under monotone trans-
formations, the concordance measure Kendall’s tau (τ) was
used to observe the degree of dependence [15, 20]. Te
association between AFS and AFM was evaluated using
Kendall’s (τ), which calculates the diference between the
probability of concordance and the probability of discor-
dance for the two realisations of time-to-event outcomes.
Te impact of copula selection on association shape and
correlation values varies: certain formulations produce
symmetric associations (e.g., Frank), others do not. When
association structure is unknown, copula choice can be
guided by data, using criteria like Akaike information cri-
terion (AIC), Bayesian information criteria (BIC), or ob-
served marginal correlations [21]. Te Gumbel and Clayton
copulas are frequently used to account for upper and lower
dependence between two margins respectively, while the
Frank copula is more appropriate for dealing with sym-
metric dependence [15, 19, 20]. For this analysis, all copulas
were considered, but the fnal results were presented with the
Frank copula, as it was observed to capture dependence
better compared to the others.

Te Frank copula Cθ(u, v) for two variables u and v,
where u, v ∈ [0, 1], is given by:

Cθ(u, v) � −
1
θ
ln 1 +

e
− θu

− 1􏼐 􏼑 e
− θv

− 1􏼐 􏼑

e
− θ

− 1
⎡⎢⎣ ⎤⎥⎦, (2)

Table 1: Descriptive statistics of responses and variables of participants.

Independent variables
Overall Female Male
N= 9726 n= 5751 (59.1) n= 3975 (40.9)
n (%) n (%) n (%)

Residence area
Rural 5733 (58.9) 3439 (59.8) 2294 (57.7)
Semiurban 3989 (41.0) 2309 (40.2) 1680 (42.3)
Level of formal education
No education 1104 (11.4) 747 (13.0) 357 (9.0)
Primary education 6365 (65.4) 3867 (67.2) 2498 (62.8)
Secondary or higher education 2248 (23.1) 1130 (19.7) 1118 (28.1)
HIV status
Negative 7982 (82.1) 4666 (81.1) 3316 (83.4)
Positive 207 (2.1) 161 (2.8) 46 (1.2)
Event variables
Ever had sex
No 4048 (41.6) 2059 (35.8) 1989 (50.0)
Yes 5678 (58.4) 3692 (64.2) 1986 (50.0)
Ever married
No 6846 (70.4) 3185 (55.4) 3661 (92.1)
Yes 2880 (29.6) 2566 (44.6) 314 (7.9)
Response variables Mean± SD
Age at frst sex 16.4± 1.8 16.3± 1.7 16.4± 1.9
Age at frst marriage 17.5± 2.3 17.3± 2.1 17.8± 2.5
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where θ is a parameter controlling the dependence strength:
θ> 0 indicates positive dependence, θ< 0 indicates negative
dependence and θ� 0 indicates independence.

u and v are uniform marginals transformed to the unit
interval, representing the CDF values of the variables.

Cθ(u, v) denotes the Frank copula evaluated at u and v,
giving the joint probability that the two variables are less
than or equal to u and v respectively under the copula model.
Te Frank copula Kendall’s tau (τ) values range from − 1 to 1

and assume a zero value when the two time-to-event out-
comes are independent (Table 2) [15, 21].

Te copula model for bivariate censored AFS and AFM
can be presented as follows:

Let (T1, T2) be the true bivariate event times (i.e., AFS
and AFM), with marginal survival functions
Sj(tj) � P(Tj > tj), j � 1, 2 and joint survival function
S(t1, t2) � P(T1 > t1, T2 > t2). When (T1, T2) are subject to
right censoring for subject i� 1, . . ., n, we observe:

Di � Yij,Δij, Zij􏼐 􏼑􏽮 : Yij � min Tij, Cij􏼐 􏼑, Δij � I Tij ≤Cij􏼐 􏼑, j � 1, 2􏽯, (3)

where Cij is the censoring time of Tij, Δij is the censoring
indicator, and Zij is the covariate vector.

Te R package CopulaCenR, using the function
rc_par_copula, was used to ft the copula model for bivariate
censored data under R version 4.4.1. Te Broyden–
Fletcher–Goldfarb–Shanno (BFGS) algorithm was used to
fnd the parameter values that maximise the likelihood
function. Tis method is efective for complex models with
multiple local maxima, as it uses gradient information to
navigate the likelihood surface efciently. It is also known
for its fast convergence compared to other optimisation
methods [22]. Te selection of the copula and marginal
distribution was based on AIC, BIC, and log-likelihood
values. Te model with the lowest AIC and BIC values
and the highest log-likelihood was chosen. Detailed selection
steps are presented in Table 3.

2.5. Trends Estimation of AFS and AFM. In estimating the
trends in median AFS and AFM among young people over
time, three methods were applied based on reports from
individuals aged 15–24 years at diferent time points (i.e., for
each survey round), separately for males and females. First,
the traditional Kaplan–Meier method was used to estimate
the median AFS and AFM, based on survival defned as

Ŝ(t) � 􏽙
ti≤t

1 −
di
ni

􏼠 􏼡, (4)

where Ŝ(t) represents the estimated survival probability at
time t, di is the number of events (e.g., frst sex or frst
marriage) occurring at time ti, and ni is the number of
individuals at risk just before ti. Second, accelerated failure
time (AFT) models with a log-logistic error distribution

were used to separately model AFS and AFM [14]. Te AFT
model describes a linear relationship between the logarithm
of the survival time and the covariates, defned as

log[(T)] � β0 + x′β + ε, (5)

where T represents the survival time (AFS or AFM), x is the
vector of independent variables (e.g., sex), β0 is the intercept,
β is the vector of coefcients, and ε is a random error term
assumed to follow some parametric distribution.

Finally, the Frank copula model was applied to jointly
model AFS and AFM, capturing the dependence between
these two time-to-event outcomes.

3. Results

Table 1 shows the demographic characteristics of the study
participants overall and by sex. Te available numbers for
certain variables are slightly lower than the total number of
participants due to missing responses. Overall, more than
half of the participants were female (59.1%), had a primary
education level (65.4%), resided in rural areas (58.9%), had
ever had sex (58.4%) and had married (29.6%). A small
percentage had a positive HIV status (2.1%), with a higher
prevalence among females (2.8%) compared to males (1.2%).
Among the 5678 who had sex, the mean AFS was 16.4 years
with a standard deviation of 1.8. Among the 2880 who had
married, the mean AFM was 17.5 years with a standard
deviation of 2.3.

Table 3 presents the results of ftting diferent copula
models (Clayton, Gumbel, Frank, Ali–Mikhail–Haq, and
Copula2) to the data, with sex as a variable in the model. For
each copula, the AIC, BIC, and log-likelihood values are
provided for Weibull and log-logistic distributions. Lower AIC

Table 2: Archimedean copula family.

Copula name Bivariate copula C(u, v; θ) Domain of θ Possible correlation τ
Ali–Mikhail–Haq ((uv)/(1 − θ(1 − u)(1 − v))) θ ∈ [− 1, 1] τ ∈ [− 0.18, 0.33]

Clayton [max u− θ + v− θ − 1; 0􏼈 􏼉](1/θ) θ ∈ [− 1,∞)\ 0{ } τ ∈ [− 1, 1]\0
Frank − (1/θ)log[1 + ((e− θu − 1)(e− θv − 1)/(e− θ − 1))] θ ∈ R\ 0{ } τ ∈ [− 1, 1]\0
Gumbel exp[− ((− log(u)) + (− log(v)θ)(1/θ))] θ ∈ [− 1,∞) τ ∈ [0, 1]

Copula2 (1 + ((u− θ − 1)/θ)α + ((v− θ − 1)/θ)α)(− 1/α) α ∈ (0, 1], θ> 0 τ ∈ [0, 1]

Joe 1 − [(1 − u)θ + (1 − v)θ − (1 − u)θ(1 − v)θ](1/θ) θ ∈ [− 1,∞) τ ∈ [0, 1]

4 Journal of Probability and Statistics
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and BIC values indicate a better-ftting model, and higher log-
likelihood values suggest a better explanation of the observed
data. For bothWeibull and log-logistic distributions, the Frank
copula shows the best ft, evidenced by the lowest AIC and BIC
values and the highest log-likelihood values (AIC� 5164.2,
BIC� 5195.7, and log-likelihood� − 2578.1 for Weibull, and
AIC� 2357.1, BIC� 2385.8, and log-likelihood� − 1174.5 for
log-logistic, respectively). To ft a copula-model, it is also
necessary to select a distribution model for the margins. When
comparing the Weibull and log-logistic marginal distributions
within the Frank copula, the log-logistic distribution, which has
lower AIC and BIC values and a higher log-likelihood value,
was the better ft for this data.

Table 4 presents result from a Frank copula model with
log-logistic distribution, jointly modelling AFS and AFM
outcomes with sex as the only independent variable (crude
model). Te parameters λ (24.17) and k (− 3.15) describe the
scale and shape of the log-logistic distributions for AFS and
AFM, respectively, with the negative shape parameter in-
dicating that the likelihood of these events decreases with
age. Females are observed to take a shorter time to expe-
rience both AFS and AFM compared to males (− 2.38). Te
high value of theta (39.46) indicates a strong positive de-
pendency between AFS and AFM, suggesting that changes in
AFS are associated with corresponding changes in AFM.
Kendall’s tau (0.91) further confrms this strong positive
association, indicating that individuals who experience
earlier AFS are likely to experience earlier AFM, and vice
versa (Table 4 and Figure 1(a)).

Table 5 expands on these results by ftting both the crude
(univariate) and adjusted models. In the crude analysis,
being female was associated with an earlier AFS and AFM
(parameter� − 2.38) compared to males, but the efect be-
came much smaller (parameter� − 0.029) after adjusting for
residence area, education, and HIV status (adjusted model).
Although the efect was minimal, the result remained sta-
tistically signifcant at the borderline level (p � 0.045), likely
due to the precision of the estimate and the large sample size.
Semiurban residence was associated with a later age at these
events both before (0.07) and after adjustment (0.37). When
compared to individuals with no formal education, those
with primary education experienced earlier AFS and AFM in
the crude analysis but later in the adjusted model, while
those with secondary or higher education experienced these
events signifcantly later in both analyses. HIV-positive
individuals had an earlier AFS and AFM in both crude
and adjusted analyses compared to HIV-negative

individuals, although the diference was insignifcant in the
adjusted analysis. Te strong positive correlation between
AFS and AFM remained high after adjustments (0.89), in-
dicating that individuals who experience an earlier AFS are
likely to experience an earlier AFM as well (Table 5 and
Figure 1(b)).

Separate analyses for females and males showed similar
patterns (Tables 6 and 7). For females, semiurban residence
and secondary or higher education were associated with
a later AFS and AFM in both crude and adjusted analyses.
HIV-positive status was associated with an earlier AFS and
AFM in the crude analysis but was insignifcant in the
adjusted model. For males, semiurban residence and higher
education delayed AFS and AFM in both analyses, while
HIV-positive status resulted in earlier AFS and AFM but was
insignifcant in both the crude and adjusted models. Te
strong positive correlation between AFS and AFM remained
high for both sexes (Figures 2(a) and 2(b)).

When comparing the estimates of median AFS and AFM
across diferent methods, distinct patterns emerge. For AFS,
females show a gradual increase over the years with the
copula model, although the copula model produces slightly
lower values than the AFT and Kaplan–Meier (KM)
methods, with less fuctuation over time. Males also show
a similar upward trend with the copula model, while the KM
method shows a fat trend from 2010 to 2015–16, and the
AFTmethod shows a slight decrease over the same period. In
some years, the estimates are closely aligned across all
methods, such as in 2003-04 for females and 2006–07 for
males (Figures 3(a) and 3(b)).

For AFM, a similar trend is observed for females, with
both the AFTand copula models showing a gradual increase
and closely aligned values from 2003–04 to 2015–16, with the

Table 3: Fitted maximum likelihood values, AIC values, and BIC values under various copula specifcations with sex as variable in the
model; Joe copula are omitted as inversion of the hessian was numerically unstable.

Clayton Gumbel Frank Ali–Mikhail–Haq
(AMH) Copula2

Weibull
AIC 34,085.3 17,313.1 5164.2 23,241.4 51,127.0
BIC 34,114.1 17,341.8 5195.7 23,270.1 51,162.9

Log-likelihood − 17038.7 − 8652.5 − 2578.1 − 11616.7 − 25558.5

Log-logistic
AIC 32,170.4 16,669.4 2357.1 23,110.9 23,345.2
BIC 32,199.1 16,698.2 2385.8 23,139.7 23,381.2

Log-likelihood − 16081.2 − 8330.7 − 1174.5 − 11551.5 − 11667.6

Table 4: Fitted parameters (with 95% CI) for the Frank copula
model with log-logistic margins, jointly modelling age at frst sex
and age at frst marriage outcomes with sex as a variable.

Parameter Fitted
values (95% CI)

Sex
Male 1
Female − 2.3773 (− 2.3774; − 2.3772)∗∗∗

Scale (λ) 24.1670 (24.1659; 24.1681)∗∗∗

Shape (k) − 3.1467 (− 3.1478; − 3.1455)∗∗∗

Teta (θ) 39.4853 (39.4842; 39.4864)∗∗∗

Kendall’s tau (τ) 0.9069 (0.8969; 0.9090)∗∗∗
∗∗∗p value < 0.001.

Journal of Probability and Statistics 5
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copula model yielding slightly lower estimates. In contrast,
the Kaplan–Meier method shows a consistently fat trend
from 1999–2000 to 2015–16. For males, both the AFT and
copula models show a gradual increase, with the AFTmodel
showing higher values than the other methods. Te copula
model exhibits less fuctuation, while the Kaplan–Meier
method shows lower values and a fat trend from 2003–04 to
2015–16 (Figures 4(a) and 4(b)).

Figure 5 presents the cumulative incidence curves for
AFS and AFM by birth cohorts for both males and females.
For females, the more recent cohort (1990–99) experiences
these events later on average at earlier ages, with AFS oc-
curring between the ages of 16 and 18, and AFM between the

ages of 17.5 and 20, compared to earlier cohorts (1970–79
and 1980–89), which show minimal diferences. A similar
pattern is observed for males, with the 1990–99 cohort
experiencing later events, up to age 21 for AFS and across
almost the entire age range for AFM, while earlier cohorts
(1970–79 and 1980–89) overlap across the age range.
Overall, the curves for females shift to the left, indicating
earlier events, whereas the male curves shift to the right,
indicating later events. Te overall shift in the cumulative
incidence curves supports the copula model’s fnding of
strong interdependence between AFS and AFM while also
visually showing cohort-specifc trends in timing. Tis
means that as AFS shifts to later ages in recent cohorts, with
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Figure 1: Scatter plot of bivariate age at frst sex and age at frst marriage generated from Frank copula model. (a) A model with sex only as
a variable. (b) A model with sex adjusted for education level, residence area, and HIV status.

Table 5: Crude and adjusted ftted parameters for Frank copula model with log-logistic margins, jointly modelling age at frst sex and age at
frst marriage outcomes.

Parameter Crude§ ftted values
(95% CI)

Adjusted† ftted values
(95% CI)

Sex
Male 1 1
Female − 2.3773 (− 2.3772; − 2.3774)∗∗∗ − 0.0289 (− 0.0305; − 0.0272)∗

Residence area
Rural 1 1
Semiurban 0.0699 (0.0686; 0.0713)∗∗∗ 0.3711 (0.36979; 0.3724)∗∗∗

Level of formal education
No education 1 1
Primary education − 1.6010 (− 1.6017; − 1.6003)∗∗∗ 0.1805 (0.1804; 0.1806)∗∗∗

Secondary or higher education 0.1143 (0.0626; 0.1659)∗∗∗ 0.4551 (0.4549; 0.4552)∗∗∗

HIV status
Negative 1 1
Positive − 0.7187 (− 0.7199; − 0.7177)∗ − 0.2185 (− 0.2257; − 0.2114)
Kendall’s tau (τ) 0.8971 (0.8852; 0.8991)∗∗∗
∗p value� 0.045.
∗∗∗p value < 0.001.
§Univariate model.
†Adjusting for sex, residence area, education, and HIV status.
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AFM following a similar trend. Te leftward shift in female
curves suggests that they generally experience these events
earlier than males, whose curves shift rightward, indicating
a later occurrence of both AFS and AFM.

4. Discussion

AFS, or sexual debut, is a signifcant event that infuences
subsequent life events and future SRH [23]. However,
statisticians have often analysed AFS as an independent
event [14], neglecting the additional information derived
from related events such as AFM. Tis study identifed the
dependence structure between AFS and AFM, incorporating
this interdependence into the statistical model. Te results
yield a deeper understanding of the timing and infuences
surrounding these events in adolescents and young adults,
highlighting the need for better models that relate AFS to
other life events in order to explore statistical associations
more efectively.

A copula model for bivariate right-censored data was
applied in a joint analysis of the factors associated with both
AFS and AFM, taking into account the dependency between
the two events. Without prior knowledge of the association
structure, it is difcult to know which specifc copula model
to use. Six diferent Archimedean copulas were evaluated,
with the Frank copula observed to perform better than the
others. Te Frank copula is particularly efective when there
is symmetric lower and upper tail dependence [19]. Tese
results suggest that dependence was detected in both tails,
with Kendall’s (τ) correlation of 0.903, indicating a strong
positive correlation between the AFS and AFM events. Tis
positive correlation was observed in both unadjusted and
adjusted models. Te marginal log-logistic distribution was
found to perform better than the Weibull distribution for
this analysis which accords with the study for AFS survival
analysis approach [14].

Using joint modelling in this context ofers several ad-
vantages over marginal single outcome analysis: it is more

Table 6: Crude and adjusted ftted parameters for Frank copula model with log-logistic margins, jointly modelling age at frst sex and age at
frst marriage outcomes for females.

Parameter Crude§ ftted values
(95% CI)

Adjusted† ftted values
(95% CI)

Residence area
Rural 1 1
Semiurban 0.1675 (0.1661; 0.1687)∗∗∗ 0.2271 (0.2160; 0.2389)∗∗∗

Level of formal education
No education 1 1
Primary education − 1.1770 (− 1.1833; − 1.1716)∗∗∗ 0.3120 (0.2868; 0.3371)∗∗∗

Secondary or higher education 0.8753 (0.8494; 0.9013)∗∗∗ 0.8734 (0.8661; 0.8808)∗∗∗

HIV status
Negative 1 1
Positive − 0.6896 (− 1.7235; − 0.8056)∗ − 0.1093 (− 1.1129; − 0.1734)
Kendall’s tau (τ) 0.8909 (0.8846; 0.8973)∗∗∗
∗p value� 0.038.
∗∗∗p value < 0.001.
§Univariate model.
†Adjusting for residence area, education, and HIV status.

Table 7: Crude and adjusted ftted parameters for Frank copula model with log-logistic margins, jointly modelling age at frst sex and age at
frst marriage outcomes for males.

Parameter Crude§ ftted values
(95% CI)

Adjusted† ftted values
(95% CI)

Residence area
Rural 1 1
Semiurban 0.5166 (0.5155; 0.5177)∗∗∗ 0.2560 (0.2584; 0.2707)∗∗∗

Level of formal education
No education 1 1
Primary education − 2.5640 (− 2.5641; − 2.5637)∗∗∗ − 1.5506 (− 1.5568; − 1.5445)∗∗∗

Secondary or higher education 1.2923 (1.2639; 1.3202)∗∗∗ 1.8087 (1.7924; 1.8248)∗∗∗

HIV status
Negative 1 1
Positive − 1.5125 (− 1.5135; − 1.5116) − 1.2624 (− 1.2653; − 1.2595)
Kendall’s tau (τ) 0.8977 (0.8916; 0.9040)∗∗∗
∗∗∗p value < 0.001.
§Univariate model.
†Adjusting for residence area, education, and HIV status.
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time-efcient, improves model ft, increases statistical
power, and handles bivariate censoring efciently [15, 24].
Simultaneously modelling AFS and AFM provides deeper
insights into how sexual debut infuences marriage timing
and vice versa, avoiding biased conclusions that might arise
from independent analyses. Tere have been very few joint
models for two time-to-event outcomes, and none we could
fnd for life events such as AFS and AFM. Direct compar-
isons of copula results with other studies for SRH data are
lacking, although copula models have been used. Other
studies have explored joint modelling of multiple outcomes,
including survival and binary outcomes, using diferent
approaches to model completed schooling year, marriage,

and age at frst birth [25, 26]. Tis study provides new in-
sights into the interdependence of AFS and AFM using
copula models. More research is needed to determine the
best joint model for ftting these two survival functions, and
in particular whether common marginal models are ap-
propriate. Future methodological research could employ
alternative methods, such as B-splines or Bayesian ap-
proaches, to model these bivariate outcomes with the ad-
dition of other socio-demographic and risk factors.

Signifcant associations were also observed between
socio-demographic factors and the timing of AFS and AFM,
both overall and when stratifed by sex. Overall, females
tended to experience both events earlier than males in both
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Figure 2: Scatter plot of bivariate age at frst sex and age at frst marriage generated from adjusted model. (a) Females (N � 4827). (b) Males
(N � 3362).
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Figure 3: Trends in median age at frst sex estimated using AFT, copula (joint) and Kaplan–Meier methods. (a) Females. (b) Males.
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Figure 4: Trends in median age at frst marriage estimated using AFT, copula (joint) and Kaplan–Meier methods. (a) Females. (b) Males.
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Figure 5: Cumulative incidence probability for age at frst sex (AFS) and marriage (AFM) by sex and birth cohort.
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crude and adjusted analyses. Tose residing in semiurban
areas tended to take longer to experience these events in both
analyses, with the delay being slightly more pronounced in
the adjusted model. Education level also played a crucial
role: individuals with primary education experienced AFS
and AFM earlier in the crude analysis. Conversely, in the
adjusted model, those with primary and secondary or higher
education experienced these events signifcantly later than
those with no education. Tese fndings underscore the
complexity of socio-demographic infuences on the timing
of life events and highlight the importance of considering
multiple factors simultaneously. Males and females have
diferent pressures regarding frst sex and marriage. An
analysis of AFS and AFM for each sex separately showed that
the magnitude of the efect for each factor varied by sex.
Further analysis, incorporating more explanatory factors, is
needed to better understand the signifcance of these in-
fuences on AFS and AFM [27].

Trends in AFS and AFM from 1994 to 2016 were con-
ducted separately for cohorts of females and males using
three diferent approaches. Te descriptive method using
Kaplan–Meier estimation showed fat trends in some years
for both events but had the greatest range of values across the
diferent cohorts. Te AFT model followed the
Kaplan–Meier estimation slightly smaller changes from one
cohort to the next. Te copula model showed a smoother,
more gradual increase in both AFS and AFM over time in
some years, refecting a trend towards older ages at these life
events in the later cohorts. All three models provide evidence
of an increase in the AFS for both males and females over
22 years, but little evidence of a change in AFM in either
males or females.

5. Conclusion

A strong positive correlation was observed between AFS and
AFM events, which can be used to model these life events.
Tis correlation provides vital information for designing
targeted interventions for adolescents and young adults, as
early sexual debut often correlates with a higher likelihood of
early marriage, which is linked to adverse health outcomes
such as increased maternal mortality, reduced educational
attainment, and limited socioeconomic opportunities [1–3].
Policymakers and researchers can develop tailored SRH
programmes that consider the broader context of young
people’s lives, ultimately leading to more efective strategies
for delaying both sexual debut and early marriage, thereby
improving health outcomes for youth. Te application of
a joint model is able to borrow strength from both outcomes
for more accurate and efcient parameter estimates. Al-
though this study is the frst to apply a copula bivariate right-
censored approach in the context of AFS and AFM, it paves
the way for furthermethodological exploration. Joint models
for these bivariate outcomes with the addition of other socio-
demographic and risk factors would provide a deeper un-
derstanding of the timing and infuences on these events,
particularly for adolescents and young adults. Tese results
would be crucial for efective policymaking and programme
design in SRH research.
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