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Abstract

Background: Egypt’s population increased by 10 million between 2011and 2014 and the total fertility rate increased to 3.5
births per woman.

Aims: This paper aimed to evaluate the direct and intermediate factors that could explain this increase in the total fertility
rate.

Methods: Data from the 2000 and 2014 Egypt Demographic and Health Surveys were used. The average number of births
per woman in the 3 years before the survey was used as a proxy for total fertility rate. A structural equations model was
used to measure the total effect of direct and intermediate variables on number of births per woman.

Results: The effect of the intermediate variables on births per woman was stronger than the direct factors in both health
surveys. In the 2000 and 2014 surveys, the intermediate factors with the greatest effect were: unmet need for family
planning methods, discontinuation of using family planning methods in the 5 years before the survey, number of discon-
tinuations of using family planning methods in the 3 years before the survey and child death under 5 years. In the 2000
survey, the direct factors affecting a decline in births per woman were: exposure to family planning messages, woman’s
work status, wealth index and woman’s age 3 years before the survey. In the 2014 health survey, the effect of these varia-
bles on fertility declined. This decrease contributed to increasing the total fertility rate to 3.5 births per woman.

Conclusion: Population policies should reintensify efforts to reduce the fertility rate based on the factors that influence

fertility, such as family planning messages.
Keywords: birth rate, fertility, family planning, Egypt

Citation: Abdelghany A; El Abbbasy A; El Shabrawy A. Structural equations modelling to quantify the effect of direct and intermediate factors on fertili-
ty changes in Egypt during 2000-2014. East Mediterr Health J. 2020;26(10):1210-1217. https://doi.org/10.26719/emh;j.20.098

Received: 02/12/18; accepted: 31/07/19

Copyright © World Health Organization (WHO) 2020. Open Access. Some rights reserved. This work is available under the CC BY-NC-SA 3.0 IGO

license (https://creativecommons.org/licenses/by-nc-sa/3.0/igo)

Introduction

The population of Egypt increased greatly during the
second half of the 20th century. This increase has con-
tinued in the past two decades. According to census re-
sults, the population reached 61.5 million in 1996 with a
growth rate of 2.08% and went up to 94.8 million in 2017.
In addition, the population increased by 10 million in less
than 4 years after the revolution of 25th January 2011 (1).
Moreover, the report of the 2014 Egypt Demographic and
Health Survey (EDHS) indicated that the demand for
family planning services had declined substantially (2).
The decline in demand for family planning services and
the political and economic conditions in Egypt after the
revolution contributed to the increase in the total fertili-
ty rate (3). An obvious sign of that increase is the rise in
the annual number of births from 1850 000 in 2006 to
2 600 200 in 2016 (4), a growth of 40.6%.

Successive EDHS reports show a fluctuation in the
total fertility rate; after a series of declines, the total
fertility rate reached 3.5 births per woman in 2000 (5).
In 2005, the total fertility rate declined to 3.1 births per
woman and then decreased slightly in 2008 to 3.0 births
per woman (6,7). The EDHS 2014 revealed an increase
in the total fertility rate to 3.5 births per woman, the

same as in 2000 (2). Much research has been done on
the determinants of fertility at international or national
levels. Most of this research indicates that a group of main
determinants affects fertility (8-11). Previous studies
have examined fertility from different perspectives.
Several studies considered the different concepts of
fertility and population growth using successive census
data and the development of reproductive and fertility
measures in urban and rural areas (12,10). Other studies
examined the relationship between fertility and different
socioeconomic and demographic characteristics and
their impact on population growth (13-16). Many studies
also suggested different models to explain the effect of
direct and indirect factors on fertility (17-19).

In Egypt, research on fertility, population growth and
family planning began in the early 1960s and continues
until now. This research suggests that levels of and trends
in fertility are affected by determinants such as woman’s
age at first marriage, discontinuation of using family
planning methods and unmet need for family planning
methods (20-23). The effect of these determinants varies
according to women’s characteristics.

In this study, we aimed to identify the determinants
of the fertility change in Egypt as a means to interpret the
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change in the total fertility rate during the period 2000-
2014. To achieve this objective, we had two intermediate
goals. First, to find a proxy for the total fertility rate.
Since the total fertility rate cannot usually be obtained
at the micro level (individual woman), we needed to find
a suitable proxy for it. We proposed to use the average
number of births per woman in the 3 years before the
2000 and 2014 EDHS surveys as a proxy. We show that the
change in the total fertility rate and the average births per
woman in the 3 years before the survey are very similar in
direction and magnitude such that the average births per
woman in the 3 years before the survey can be used as a
proxy for the total fertility rate at the micro level. Second,
to identify the direct and intermediate (between the
exogenous variables and the dependent variable) factors
affecting the change in births per woman in the 3 years
before the survey in Egypt during the period 2000-2014.

Methods
Study design

This was a cross-sectional study of the characteristics
and determinants of women'’s fertility and behaviour in

Egypt.

Our analysis is based on data from EDHS 2000 and
EDHS 2014 (2,5). The sample designs of the two surveys
provide information on various population and health
indicators of interest for the country as a whole and for
six major subdivisions. Both EDHS 2000 and EDHS 2014
used a multistage sample design. The number of eligible
women in EDHS 2000 and EDHS 2014 were 15573 and
21762, respectively.

Analyses

We used a correlation analysis to examine the correlation
between the values of the total fertility rate and the aver-
age number of births per woman in the 3 years before the
surveys for the period 1995-2014.

We built a structural equations model to assess the
effect of change in fertility determinants on births per
woman in the 3 years before the survey based on EDHS
2000 and EDHS 2014. Structural equation modelling
is a technique used to describe relationships between
variables (24). Using a structural equations model helps to
measure the direct, indirect, and total effect of exogenous
(independent) and endogenous (intermediate and
dependent) variables on an outcome variable. The most
powerful feature of a structural equations model is that
it can measure the indirect effect that may exist through
some endogenous variables, which are called mediator
variables. When we are interested in examining the
mediation relationships, a structural equations model is
more effective than traditional regression models which
measure direct effects only. We used AMOS software,
version 23, which is a special module of SPSS used only for
running a structural equations model and confirmatory
factor analysis (25). To build and test our structural
equations model, we also used the hot deck imputation
method in STATA, version 13 to impute missing data

that exist in the variable: gap between ideal number of
children and children ever born (26,27).

The acceptability of using a structural equations
model rather than a traditional regression model can be
seen if we consider, for example, the exogenous variable:
exposure to family planning messages. If we use a
traditional (linear) regression model to test the effect
of this variable on the change in the average births per
woman in the 3 years before the survey, only the direct
effect can be measured. In the structural equations
model, the direct and indirect effect of exposure to
family planning messages can be measured. The reason
is that this variable affects factors associated with family
planning methods (endogenous variables), which also
affect the average births per woman in the 3 years before
the survey. By considering both direct and indirect
effects, we obtain the total effect of exposure to family
planning messages on the average births per woman in
the 3 years before the survey.

Results

Change in average births per womanas a
proxy for total fertility rate 1995-2014

The total fertility rate is calculated in EDHS at the mac-
ro level; that is, for the whole country and by region and
governorate. However, advanced statistical analysis usu-
ally requires a large number of observations; we there-
fore need to use a representative of the total fertility rate
at the micro level (individual woman). Based on our re-
sults, we propose the use of the average births per wom-
an in the 3 years before the survey as a proxy for the total
fertility rate.

We examined the change in both the average births
per woman in the 3 years before the survey and the total
fertility rate in the series of EDHS during the period 1995-
2014 (2,5-7,28). Data from EDHS 1988 and EDHS 1992 were
not included because ever-married women were not
asked about the number of births in the 3 years before the
survey. Because of space limitations, we compared the
direction and magnitude of the total fertility rate and the
average births per woman in the 3 years before the survey
at the national level only as an example. Figure 1 shows
the direction of the average number of births per woman
and the total fertility rate during the period 1995-2014
at the national level. The figure shows a similar pattern
of change in the direction and magnitude between the
total fertility rate and the average births per woman. The
proportion of the average number births per woman to
the total fertility rate was constant for all years at 0.13.
This finding is a strong indication of the constant change
in the two variables throughout the studied period. The
same direction and the magnitude between the total
fertility rate and the average births per woman were
observed in different areas of Egypt (data not shown for
space constraints).

In addition, we studied the correlation between the
total fertility rate and the average births per woman by
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Figure 1 Total fertility rate and average number of births per
woman in the 3 years before the survey, Egypt, 1995-2014
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constructing a proximity matrix. A proximity matrix is
based on 60 values of total fertility rate and average births
per woman (six values for each region) and indicated
a high correlation coefficient (0.95) between the total
fertility rate and the average births per woman (P < 0.01).
As a result, the use of the average number of births per
woman in the 3 years before the survey as a proxy for the
total fertility rate at the micro level is justified.

Exogenous and endogenous variables on births
per woman

We examined different determinants of fertility and
their effects on births per woman in the 3 years before
the survey in 2000 and 2014. Figure 2 presents a concep-
tual framework for studying the factors affecting births
per woman in the 3 years before the survey. The frame-
work suggests that socioeconomic factors, demographic
factors and exposure to family planning messages have
a direct effect on births per woman in the 3 years before
the survey. Moreover, the framework also suggests that
place of residence and socioeconomic factors have an
effect on exposure to family planning messages, while
exposure to family planning messages affects the endog-
enous (intermediate) variables related to family planning
methods. In addition, the exogenous variables may indi-
rectly affect births per woman in the 3 years before the
survey by affecting intermediate factors, which in turn
affect births per woman in the 3 years before the survey.
A structural equations model was built based on this con-
ceptual framework. Table 1 shows the variables included
in our structural equations model. Figure 3 (available on
line at: ) illustrates the structure of the structural equa-
tions model that was applied to the data of EDHS 2000
and EDHS 2014.

The goodness of fit of our structural equations model
was evaluated with a set of indicators and measures
and the results are shown in Table 2. The minimum
discrepancy index (minimum discrepancy divided by

its degrees of freedom) was 3.107, which is less than 5
and therefore in the acceptable range (29,30). The root
mean square residual, which is an indicator of the model
goodness of fit, was 0.018, indicating a good fit. The
goodness of fit index was 1 indicating an acceptable level
of goodness of fit because it exceeds the cut-off value of
0.9 (31). The adjusted goodness of fitindex is an alternative
to the goodness of fit index, where the value of the index
is adjusted according to the number of parameters of
the model. The adjusted goodness of fit index was 0.997
which is acceptable (32). The comparative fit index was
0.999 which is an acceptable level of goodness of fit
because its value exceeds 0.9 (33). The normed fit index
was 0.999 indicating goodness of fit of the model since
it exceeds the cut-off value of 0.9 (34). The parsimony
ratio index was 17%, which is the ratio of the number of
paths dropped according to the model to the number of
paths that can be dropped (all paths) (34). Finally, the root
mean square error of approximation was 0.008, which
indicates an acceptable level of goodness of fit because it
is less than the cut-off value of 0.05 (35).

Effects of exogenous variables on births per
woman

Usually, a structural equations model helps identify the
direct, indirect and total effects of exogenous and en-
dogenous variables. We present the total effects only.
Table 3 shows values and directions of the total effects of
the exogenous (independent) variables on the births per
woman in the 3 years before the survey. The total effects
of woman's age 3 years before the survey, absolute differ-
ence between the ages of the woman and her husband,
woman'’s working status and wealth index were negative
in both 2000 and 2014. This means that one unit increase
in the variable results in a decrease in the number of
births per woman in the 3 years before the survey. For
example, the total effect of the woman’s age 3 years be-
fore the survey was -0.032 in the 2000 model and -0.033
in the 2014 model. This means that when the woman’s
age increases by 1 year, the number of births per woman
in the 3 years before the survey decreases by 32 and 33
births per 1000 women in the 2000 and the 2014 models,
respectively.

The total effect of the absolute difference between
husband and wife education was positive but small: 0.003
and 0.001 in the 2000 and the 2014 models, respectively.
This meant that when the absolute difference in
education increased by 1 year, the number of births per
woman in the 3 years before the survey increased by
three and one births per 1000 women in 2000 and 2014,
respectively.

The total effect of place of residence in the 2000 model
was positive (0.026), indicating an increase in births per
woman in the 3 years before the survey of 26 births per
1000 women when a woman moves from urban to rural
residence. However, in the 2014 model, the value of the
total effect was negative but small (-0.002).

The magnitude and direction of the total effect of
exposure to family planning messages differed between
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Figure 2 Conceptual framework for direct and intermediate factors affecting the number of births per woman in the 3 years before

the survey
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the 2000 and 2014 models. It was negative in the 2000
model (-0.092) and positive in the 2014 model (0.027).
Thus, in 2000, exposure to family planning messages
resulted in a decrease in births per woman in the 3
years before the survey of 92 births per 1000 women. In
contrast in 2014, exposure to family planning messages
resulted in an increase in births per woman in the 3 years
before the survey of 27 births per 1000 women.

The results shown in Table 3 indicted that the total
effect of exogenous variables on births per woman in the
3 years before the survey in the 2000 model was generally
weak and even weaker in the 2014 model.

Effects of endogenous variables on births per
woman

Table 4 shows total effects of the endogenous (interme-
diate) variables on number of births per woman in the
3 years before the survey. Duration of married life had
a negative total effect in both 2000 (-0.023) and 2014
(-0.014) models. This means that a 1-year increase in du-
ration of married life resulted in a decrease in the num-
ber of births per woman in the 3 years before the survey

of 23 and 14 births per 1000 women in the 2000 and the
2014 models, respectively.

The total effect of woman’s age at her last birth before
the 3 years preceding the survey in the 2000 model was
negative (-0.002), while it is positive in the 2014 model
(0.001). However, this effect was weak in both models.

The total effect of all the other endogenous variable
was positive. For example, the total effect of unmet need
for family planning methods was 0.196 and 0.161 in the
2000 and the 2014 models respectively. Therefore, having
an unmet need for family planning methods resulted in
an increase in births per woman in the 3 years before the
survey of 196 births per 1000 women in the 2000 model
and 161 births per 1000 women in the 2014 model.

The total effect of the number of discontinuations of
using family planning methods in the 3 years before the
survey was 0.06 and 0.157 in the 2000 and 2014 models,
respectively. This, when the number of discontinuations
of using family planning methods increases by one,
the births per woman in the 3 years before the survey
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Figure 3 Visualization of the strucural equations model for Egypt Dempographic and Health surveys of 2000 and 2014
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increases by 60 births per 1000 women in the 2000 model
and by 157 births per 1000 women in the 2014 model.

The total effect of child death under 5 years was 0.177
and 0.153 in the 2000 and 2014 models, respectively. Thus,
one child death under 5 years increased the births per
woman in the 3 years before the survey by 177 births per
1000 women in the 2000 model and 153 births per 1000
women in the 2014 model.

By comparing the total effects of the exogenous
variables with those of the endogenous variables on births
per woman in the 3 years before the survey, we conclude
that the increase in the average births per woman in the
3 years before the survey, and hence the total fertility
rate, between 2000 and 2014 can be attributed to the
intermediate variables.

Discussion

Our results show that the exogenous variables with the
highest total effect on births per woman in the 3 years
before the survey in the 2000 model were exposure to

bi6 |1 P
Child Mortalty W
under 5 yoars wo_t! (5)
@ ©

family planning messages, woman’s work status, wealth
index and age of woman 3 years before the survey. The
effect of these exogenous variables on births per wom-
an in the 3 years before the survey decreased in the 2014
model. A possible reason for this decline could be, for ex-
ample, the decline in the total effect of exposure to family
planning messages because current media channels pays
less attention to spreading awareness of the importance
of family planning methods compared with media chan-
nels in 2000 when the negative consequences of popula-
tion growth were widely discussed.

The decline of the total effect of these exogenous
variables on births per woman in the 3 years before the
survey between the 2000 and 2014 models is a possible
reason for the increase in the average births per woman
in the 3 years before the survey, and hence the total
fertility rate in 2014 which increased to the 2000 rate (3.5
births per woman).

Surprisingly, the total effects of the endogenous

(intermediate) variables on births per woman in the
3 years before the survey were greater than the total
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effects of the exogenous variables. Moreover, the same
intermediate variables affected births per woman in the
3 years before the survey in both the 2000 and the 2014
models, but to different degrees. In the 2000 model, the
important variables were the unmet need for family
planning methods, discontinuation of using family
planning methods in the 5 years preceding the survey,
the number of discontinuations of using family planning
methods in the 3 years before the survey, and child death
under 5 years. In contrast, in the 2014 model, the order
was as follows: discontinuation of using family planning
methods in the 5 years preceding the survey, unmet need

as total number of ever born children or total number of
ever born children in women aged 45-49 years.

Our findings highlight the role of the media in raising
awareness of reducing the level of fertility. Population
policies should reintensify audio and visual family
planning messages and make use of modern media
channels such as social media networks. In addition,
women working is one of the factors that can bring about
a reduction in fertility. Consequently, women need to be
more enabled to engage in the labour market. Improving
the standard of living of households will also contribute
to reduced fertility. Hence, efforts should be directed to

raising the standard of living. Our results indicate the
need to study the factors that reduce the discontinuation
of using family planning methods as this factor was an
important determinant of average births per woman in
the 3 years before the survey. Finally, it is very important
to make all family planning methods available and
affordable and to provide access to mother and childcare
services to reduce unintended births and the level of
fertility.

for family planning methods, number of discontinuations
of using family planning methods in the 3 years before
the survey, and child death under 5 years.

We focused on fertility determinants of women in
Egypt during the period 2000 to 2014 only in the 3 years
preceding the EDHS surveys. We studied the changes in
the average number of births per woman in the 3 years
before the survey as a proxy for total fertility rate as the
calculation of the total fertility rate in EDHS depends on
births per woman in the 3 years before the survey. We did
not consider the whole reproductive life of women, such
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Modélisation d’équations structurelles afin de quantifier I'effet des facteurs directs et
intermédiaires de I'évolution de la fécondité en Egypte, de 2000 a 2014

Résume

Contexte : La population égyptienne a augmenté de 10 millions de personnes entre 2011 et 2014, tout comme le taux de
fécondité total qui est passé a 3,5 naissances par femme.

Objectifs : Le présent article visait a évaluer les facteurs directs et intermédiaires pouvant expliquer cette augmentation
du taux de fécondité total.

Méthodes : Nous avons utilisé les données issues des Enquétes démographiques et sanitaires d’Egypte pour 2000 et
2014. Le nombre moyen de naissances par femme au cours des trois années précédant l'enquéte a été employé comme
indicateur indirect du taux de fécondité total. Un modele d'équations structurelles a servi a mesurer l'effet global des
variables directes et intermédiaires sur le nombre de naissances par femme.

Résultats : Dans les deux enquétes, I'effet des variables intermédiaires sur le nombre de naissances par femme était
plus fort que celui des facteurs directs. Dans les enquétes de 2000 et 2014, les facteurs intermédiaires ayant l'effet le
plus fort étaient le besoin non satisfait de méthode de planification familiale, I'utilisation discontinue de ces méthodes
de planification familiale au cours des cinq années précédant 'enquéte, le nombre d’interruptions d'utilisation de
méthodes de planification familiale au cours des trois années précédant I'enquéte et la mortalité des enfants de
moins de cing ans. Dans I'enquéte de 2000, les facteurs directs ayant pour impact un déclin du nombre de naissances
par femme étaient les suivant : 'exposition a des méthodes de planification familiale, le statut professionnel de la
femme, l'indice de richesse et I'age de la femme trois ans avant I'enquéte. Dans 'enquéte de 2014, les effets de ces
variables sur la fécondité ont décliné, contribuant ainsi a la croissance du taux de fécondité total, qui a atteint 3,5
naissances par femme.

Conclusions : Les politiques démographiques doivent ré-intensifier les efforts afin de réduire le taux de fécondité sur
la base des facteurs impactant la fécondité, tels que les méthodes de planification familiale.
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