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Teenage pregnancies and related induced abortions always reveal an important women health issue. Anybody
between the ages of 13 and 19 years old is considered a teenager. The current article aims to derive the number
of induced abortions trends of the girls in New Zealand up to age 19 years old between the period 2000 to 2019.
Teenage girls are grouped into two age groups such as 11-14 years and 15-19 years old. For each age group, mean
and variance trend equations are derived herein. For both the age groups, mean trend is a non-linear polynomial
of fourth degree, while variance trend is a third degree polynomial in time. Both the trends of the teenage number
of induced abortions are declining, concluding that teenage induced abortions are decreasing over the time. The
derived models can forecast the number of induced abortions in future. Some educational plan is necessary at
school levels to impart the knowledge of adverse effects of induced abortions to women health, which may reduce
the teenage induced abortions. More efforts are required to impart necessary education on useful contraception

and family planning.
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Introduction

Teenage pregnancies and related induced abortions reveal a
major public health issue [1,2]. In many countries such as USA,
Australia, New Zealand, Sweden, abortion of a previable fetus
is legal, while it is illegal in many countries over the world.
In the USA, there are many state-specific restrictions such as
gestational age restrictions, mandatory waiting periods exist,
and there are 50% pregnancies are unintended, while around
40% unintended pregnancies end in induced abortion, about
90% of procedures are done during the 1st trimester [3,4]. In
countries where abortion is legal, it is commonly safe with rare
complications, while it is very dangerous for women's health
issues for the countries where abortion is illegal [3-5].

Induced abortions are highly associated with major health
issues. An induced abortion is one of the primary usual
gynecological procedures. Despite highly developed abortion
methods, there are many known adverse effects and risks that
must be considered in public health issues. Completion of an
induced abortion can be verified by directly watching removal
of uterine contents through ultrasonography used during
the procedure. Over the world, 13% of maternal deaths are
secondary due to induced abortion, while majority of these
deaths take place in countries where abortion is illegal [5-7].
Potential complications associated with induced abortions
include bleeding, pain, an infection in the upper genital tract,
or an incomplete abortion that causes oophoritis, endometritis,

salpingitis, and parametritis [6-9].

Teenage induced abortions trends are very little studied in
the previous articles [1,2,10]. In fact in women’s health studies
abortions trends are not studied properly. The word “Trend” is
related to a data set for a long period of time, known as time
series data. Trend is defined as the persevering and gradual
movement of the series for a long period of time. Thus, the
long term variation of a time series data for smooth downward
decrease or upward increase is known as trend [11,12]. Actually
the trend problem is one of statistical statements, we have by
no means converted the problem to a mathematical basis, nor
have we done away with the requisite for necessary investigation
of the characteristics of the original data. Very little abortions
trends are studied based on statistical modeling [2,10].

The current article aims to derive teenage induced abortions
trends based on statistical approach Joint Generalized Linear
Models (JGLMs), which are very little studied in the women'’s
health literature. The article is ordered as follows. The next
section presents materials and methods which are used in the
article. The following sections are statistical analysis and results,
and discussions and conclusions.

Materials and Statistical Methods
Materials

The article considers the teenage (for the girls of age group 11
to 19 years old) induced abortions data of New Zealand from
the period 2000 to 2019. The data set is given in the website
link source: https://catalogue.data.govt.nz/dataset/abortion-
statistics The data set contains for the age groups from 11 year
to more than 45 years, and it has three columns which describe
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the period of data collection, age of women, induced abortions
numbers. For ready reference, the data set for the age groups
(11-14) and (15-19) are given in Table 3, which are used in the
current study.

Statistical methods

The present study considers the teenage induced abortions
trends of New Zealand from 2000 to 2019, where the data set
is given in the Appendix. It is noted that the response number
of abortions over the time for different age groups is positive,
heterogeneous and non-normally distributed. We fit both the
gamma and lognormal distributions under JGLMs which is
clearly described in the book by Lee, Nelder and Pawitan [13]
and by Das [14]. For ready reference, it is very shortly given
herein.

JGLMs under lognormal distribution: For a positive response
random variable Y’s with unequal variance (c?), if E(Y) =

(mean) and Var(Y) =c?p>=07>V( ) say, where V(.) represents
the dispersion function, the log transformation Z = log(Y)) is
commonly used to stabilize the variance Var(Z) = ¢, but the
variance may not be stabilized always. For deriving a better
model, JGLMs for the mean and dispersion can be considered.
For log-normal distribution, JGLM of the mean and dispersion
(with Z = logY,) are given by
E(Z)=w ,and Var(Z) =072
W, =x'Bandlog(o,’) =gy,

where x' and g' are the vectors of independent variables
associated with the regression coefficients § and y, respectively.

JGLMs under gamma distribution: For the above Ys, the
variance has two parts such as o? (free of W’s) and V(u)
(depending on the mean parameters). The dispersion function
presents the GLM family distributions. For instance, if V(u) =p
, it is Poisson, normal if V(u)= 1, and Gamma if V(u) = p?, etc.
Gamma JGLMs mean and dispersion models are

n; :g(,ui) :xilﬂ and & :h(o-iz): W;’7r

where g(.) and h(.) are the GLM link functions for the mean
and dispersion linear predictors respectively, and x/, w' are
the independent variables vectors related with the mean and
dispersion parameters respectively. Maximum likelihood (ML)
method is adopted to estimate mean parameters, while the
restricted ML (REML) method is applied to estimate dispersion
parameters, which are clearly described in the book by Lee,
Nelder and Pawitan [13].

Statistical Analysis and Results

Statistical analysis

The response teenage induced abortions of New Zealand from
2000 to 2019 has been modeled by JGLMs under both the
gamma and lognormal distributions based on the transformed
time t (=Year-2009), as the response teenage induced abortion
is heteroscedatic. Final model is received based on the lowest
Akaike information criterion (AIC) value (within each class) that
minimizes both the squared error loss and predicted additive
errors[15; p. 203-204]. For the age group (11-14 yearsold), based
on AIC criterion, JGLMs gamma (AIC=123.464) and lognormal
(AlC=123.1) fits (Table 1) are almost identical, while for the
age group (15-19 years old), JGLMs gamma (AlC=236.290) and
lognormal (AlC=236.5) fits (Table 2) are also almost identical.
For both the age groups, in the mean model t, t?, t3 and t* are
included as they are all significant, while in the variance model
t, t2 and t3 are included due to functional marginality rule (i.e.,
if higher degree term is significant, then all its lower degree
should be included) by McCullacgh and Nelder [16]. Both the
lognormal and gamma JGLMs analysis results are presented in
Table 1 for the age group (11-14 years old), while for the age
group (15-19 years old) these results are presented in Table 2.
Both the models show very similar analysis for each age group.

Table 1: JGLMs gamma and lognormal fitted trends for induced abortions for the age group 11-14 years.

Model Variables | Gamma fit Lognormal fit
Mean Estimate s.e. t(15) P-value Estimate s.e. t(15) P-value
constant 4.46300 0.04356 | 102.43 <0.0001 4.455700 0.04314 103.30 <0.0001
t -0.08444 | 0.01075 -7.86 <0.0001 -0.08609 0.01063 -8.09 <0.0001
t? -0.01557 | 0.00270 -5.75 <0.0001 -0.01556 0.00267 -5.81 <0.0001
t 0.000324 | 0.00017 1.97 0.0676 0.0003455 0.00016 2.09 0.0541
tt 0.00007419 | 0.00003 2.40 0.0298 | 0.00007423 | 0.00003 2.44 0.0276
Dispersion | Constant | -4.528389 | 0.5423 -8.343 <0.0001 -4.54947 0.5409 -8.401 <0.0001
t 0.333883 0.1603 2.093 0.0538 0.327492 0.1601 2.054 0.0578
t? 0.001253 0.0144 0.078 0.9389 0.001454 0.0143 0.090 0.9295
t? -0.004509 | 0.0027 -1.661 0.1175 -0.004453 0.0027 -1.640 0.1218
AIC 123.464 123.1

The derived teenage induced abortions gamma model for
the age group (11-14 years old) in Table 1 is a data obtained
model that is accepted based on diagnostic checking plots in
Figure 1. In Figure 1(a), absolute residuals for the gamma fitted
of teenage induced abortions for the age group (11-14 years
old) are plotted against the fitted value, which is a closely flat
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straight line, concluding that variance is constant with the
running means. Figure 1(b) presents normal probability plot of
the residuals of gamma fitted mean model for teenage induced
abortions (Table 1), which does not indicate any lack of fit. Both
these plots in Figure 1 show that the derived gamma fitted
trend is almost correct.
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Figure 1: For the joint gamma fitted of teenage induced abortions for the age group (11-14 years old) models of (Table 1), the (a): absolute student residuals
plot with the fitted values; and (b): the normal probability plot for the mean model.
N J

Table 2: JGLMs gamma and lognormal fitted trends for induced abortions for the age group 15-19 years.

Model Variables | Gamma fit Lognormal fit
Mean Estimate s.e. t(15) P-value Estimate s.e. t(15) P-value
constant 8.191000 0.0168 489.5 <0.0001 8.191000 0.0169 486.3 <0.0001
t -0.08667 0.0039 -24.4 <0.0001 -0.08671 0.0039 -24.2 <0.0001
t? -0.01366 0.0010 -15.9 <0.0001 -0.01370 0.0010 -15.8 <0.0001
t3 0.0004682 0.0001 8.2 <0.0001 0.000468 0.0001 8.0 <0.0001
tt 0.00007879 | 0.0001 8.2 <0.0001 | 0.00007931 0.0001 8.1 <0.0001
Dispersion | constant -5.93941 0.6291 -10.19 <0.0001 -5.944415 0.6353 -10.07 <0.0001
t! -0.236568 0.1831 -2.49 0.0252 -0.241958 0.1897 -2.40 0.0299
t? -0.017534 | 0.0196 -0.56 0.5824 -0.017498 0.0196 -0.56 0.5811
t3 0.006012 0.0034 2.85 0.0123 0.006122 0.0036 2.76 0.0145
AIC 236.290 236.5

Similarly, for the teenage induced abortions gamma model for
the age group (15-19 years old) in Table 2, diagnostic checking
plots are given in Figure 2. In Figure 2(a), absolute residuals
for the gamma fitted of teenage induced abortions for the age
group (15-19 years old) are plotted against the fitted value,
which is a flat straight line, concluding that variance is constant
with the running means. Figure 2(b) presents normal probability
plot of the residuals of gamma fitted mean model for teenage
induced abortions (Table 2), which does not indicate any lack of
fit. Both these plots in Figure 2 show that the derived gamma
fitted trend is almost correct.

Analysis results

Table 1 shows the summarized results of the teenage induced
abortions for the age group (11-14 years old) under both
lognormal and gamma model analysis. Gamma fitted mean

(a)
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model shows that the mean response of the teenage induced
abortions is a fourth degree function of time “t”. Note that time
“t” is the transformed time, where t=(Period — 2009) (shown
in Table 3). In the mean model, t (P<0.0001), t*> (P<0.0001), t3
(P=0.0676) and t* (P=0.0298) are significant. In the variance
model, t (P=0.0538) is significant, while t* (P=0.1175) is partially
significant, but t> (P=0.9389) is not significant. Lognormal fit
gives similar results (Table 1).

Gamma fitted teenage induced abortions for the age group (11-
14 years old) mean ({i(11-14)) model (Table 1) is

[i(11-14)=exp(4.463-0.08444t-0.01557t>+0.000324t3+0.00007
419t%), and the fitted mean trend values are given in Table 3.
The gamma fitted teenage induced abortions for the age group
(11-14 years old) dispersion (6%(11-14)) model is
6%(11-14)=exp(-4.528389 +0.333883t+0.001253t> -0.004509t3).
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Figure 2: For the joint gamma fitted of teenage induced abortions for the age group (15-19 years old) models of (Table 2), the (a) absolute student residuals
plot with the fitted values, and (b) the normal probability plot for the mean model.
N J

Also, Table 2 shows the summarized results of the teenage
induced abortions for the age group (15-19 years old) under
both lognormal and gamma model analysis. Gamma fitted mean
model shows that the mean response of the teenage induced
abortions is a fourth degree function of time “t”. Note that time
“t” is the transformed time, where t=(Period—2009) (shown
in Table 3). In the mean model, t (P<0.0001), t? (P<0.0001), t3
(P<0.0001) and t* (P<0.0001) are significant. In the variance
model, t (P=0.0252) and t® (P=0.0123) are significant, but

t?(P=0.5824) is not significant. Lognormal fit gives similar results
(Table 2).

Gamma fitted teenage induced abortions for the age group (15-
19 years old) mean ( [1(15-19)) model (Table 2) is

fi(15-19)=exp(8.191-0.08667t-0.01366 t2+0.0004682t3+0.00007
879t%), and the fitted mean trend values are given in Table 3.
The gamma fitted teenage induced abortions for the age group
(15-19 years old) dispersion (6%(15-19)) model is
6%(15-19)=exp(-5.93941-0.236568 t-0.017534 t2+0.006012 t).

Table 3: Original and fitted induced abortions data for the age groups (11-14) and (15-19) .

Year Age Abortions (11-14) | t Fitted abortions (11-14) | Age Abortions (15-19) Fitted abortions
(15-19)
2000 11-14 |74 -9 67.51532 15-19 3107 3103.213
2001 11-14 |66 -8 72.24291 15-19 3240 3271.898
2002 11-14 |78 -7 78.11235 15-19 3602 3487.471
2003 11-14 |89 -6 84.37627 15-19 3757 3715.396
2004 11-14 |85 -5 90.18100 15-19 3758 3918.910
2005 11-14 |92 -4 94.62263 15-19 3718 4061.572
2006 11-14 ]105 -3 96.87790 15-19 3978 4112.600
2007 11-14 | 104 -2 96.37001 15-19 4173 4053.010
2008 11-14 |83 -1 92.90897 15-19 4097 3880.117
2009 11-14 |79 0 86.74736 15-19 3873 3608.329
2010 11-14 |84 1 78.52273 15-19 3389 3265.659
2011 11-14 |68 2 69.10444 15-19 2822 2887.153
2012 11-14 |51 3 59.40078 15-19 2489 2507.580
2013 11-14 |48 4 50.19165 15-19 2096 2155.752
2014 11-14 |57 5 42.03148 15-19 1758 1851.810
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2015 11-14 |32 6 35.23269 15-19 | 1635 1607.544
2016 11-14 |27 7 29.91177 15-19 | 1451 1429.010
2017 11-14 |30 8 26.06961 15-19 | 1414 1320.601
2018 11-14 |22 9 23.68464 15-19 | 1289 1290.479
2019 11-14 |23 10 |22.81687 15-19 | 1215 1358.858

Discussions and Conclusions

The article has derived teenage induced abortions trends of
New Zealand for the period 2000 to 2019 using statistical JGLMs
under both the gamma and lognormal distributions. Generally
trend equations are derived assuming variance is constant [11,
12]. If the variance is non-constant, it is necessary to derive
both the mean and variance trends jointly, which are very little
studied in time series analysis. Best of our knowledge, teenage
induced abortions trends are very little studied in the women'’s
health literature based on statistical methods [2,10]. Here the
response teenage induced abortions variance in non-constant
that should be modeled using JGLMs. It is the first article in
the context of teenage induced abortion literature that has
attempted to study the teenage induced abortions trends using
advanced statistical models. In addition, models are selected
based on graphical diagnosis (Figure 1 and Figure 2), lowest AIC
value, comparing two probability distributions of the response
(Table 1 and Table 2), and the estimates are very stable as their
standard errors are very small (Table 1 and Table 2). The research
should have a greater faith on the current developed results.

From Table 3, it is found that the teenage induced abortions

trends of New Zealand for the period 2000 to 2019 are declining.
For both the age groups (11 -14 years old) and (15 -19 years
old) fitted trend values are very close to the original data (Table
3 and Figure 3). The trend curves for both the age groups are
shown in Figure 3, which also show that the teenage induced
abortions trends of New Zealand for the period 2000 to 2019
are declining. It implies that the impacts of contraception use
and family planning education are effective in New Zealand.
But this scenario may not be observed in many developing, or
under developing countries. Several research studies are to be
conducted for such countries.

There is no similar study for the teenage induced abortions
trends of New Zealand, so the present results can not be
compared with the previous studies. The present derived
results and models are clearly verified by Figures 1, 2 and 3.
Here it is observed that the fitted values are very close to the
original data. The preset results will help the researchers and
the Government for predicting the future teenage induced
abortions. Accordingly, the Government can take necessary
actions. The family planning education is to be continued in New
Zealand, and other developing, or under developing countries.
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Figure 3: Scattered plot of the original observations, fitted values and the smooth fitted mean trend curves for the age group (a): 11-14 years old; (b): 15-19
years old.
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