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Abstract

There are no studies and only limited data that compare the difference in mortality between twins and singletons in the Arab world. We
studied the survival of 306,966 children, including 9,280 twins, over the period 1970–2013 in six Arab countries (Algeria, Egypt, Iraq,
Mauritania, Sudan and Tunisia) based on the Multiple Indicator Cluster Survey (MICS) database. With the use of relative survival models,
we estimated the mortality of twins relative to singletons by including socioeconomic and demographic variables. This study confirms the
results of previous studies on the excess risk of death of twins compared to singletons. There is evidence that excess mortality decreases with
follow-up; in addition, male twins have a higher risk of death compared to females for all countries except Tunisia.Wealth index and education
levels of women are factors that influence the risk of mortality. It is recommended that these findings are considered when performing future
health and population strategies in these Arab countries.
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The study of the survival of twins is motivated by the fact that it
has a mortality rate different from that of singletons in the general
population. Overall (gross) survival is therefore studied as the
result of two components of mortality, corresponding to twins
as a specific group and to all singletons. It is reasonable to assume
that one reason for the mortality rate is specifically due to being a
twin. To put it in perspective, one solution would be to censor
only deaths independent of being twin, but the cause of death
is often unknown and/or not attributable. Under this decompo-
sition, an estimate for twins would be relative survival. The
concept of relative survival was introduced by Berkson (1942).
Berkson and Gage (1950) defined the concept more precisely,,
but did not suggest a method of calculation (Berkson and
Gage, 1950). The first calculation methods were introduced by
Ederer et al. (1961) and improved by Hakulinen in 1982.

These calculation methods help answer questions such as: Does
the mortality risk of twins exceed that of singletons? If so, does it
extend beyond early childhood? Ananth et al. (2004) studied the
trends in twin neonatal mortality rates in the United States, report-
ing that the main causes for the change in the rate of multiple
pregnancies was the evolution of maternal age and use of assisted
reproductive techniques. Sensitive to different effects in which
biology, medicine and society interact, the twinning rate is a
valuable indicator of biological and social changes. Smits and
Monden (2011) focused on analyzing the tendency of twinning
across the developing world.

The factors influencing the mortality risk of twins are multiple
and relate to biology and demography, and economic, social and
behavioral factors (Steenhaut & Hubinont, 2012). A study by
Guang and Grummer-Strawn (1993) analyzed survival among
twins in developing countries. However, a major disadvantage of
this study was the integration of data from 29 countries into a sin-
gle base, which largely cancels the heterogeneity among countries,
despite the fact that they tried to remedy this problem by control-
ling (integrating) the characteristics of the countries, such as
region, gross national product (GNP) per capita, and proportion
of women who were illiterate.

For the Arabworld as a whole, no such studies have been under-
taken, and this study aims to fill this research gap. The studies we
did find were quite old; for example, for the only study conducted
in Tunisia by Suchindran and Adlakha (1985), we found general
topics for child mortality. We note the study of Fawzi et al.
(1997), who undertook a prospective study of malnutrition in
relation to child mortality in the Sudan. For Iraq, a study on child
mortality (Awqati et al., 2009) analyzed their causes and differen-
tials, but this study was limited to the period 1994–1999 and took
place in the context of war and sanctions on Iraq. In this study, we
obtained samples from six Arab countries — Algeria, Egypt, Iraq,
Mauritania, Sudan and Tunisia— based on the Multiple Indicator
Cluster Survey (MICS) database (UNICEF, 2018). Among these six
countries, Iraq was the exception, given the pooled and security
events in this country during the period 1970–2001, including
the Iraq–Iran war (1980–1988), the Gulf War (1990–1991) and
boycotting imposed on the Iraqi system and economy. Several
studies have been realized in this context (see Ascherio et al.,
1992; Awqati et al., 2009; Garfield & Waldman, 2003; Roberts
et al., 2004).
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As mentioned, in the Arab world, no studies have addressed
twins’mortality risk or have at least focused on the study of twins.
We believe that our study is the first step in this area of research.
The hypothesis we will test is that the risk of twins dying exceeds
that of singletons in all six countries. Social and economic factors
could be factors in the excess mortality of twins. Using 306,966
observations from theMICS database of six Arab countries, we test
whether variations in social and economic development affect twin
mortality. Our measures of social and economic development are
proxy by the level of education and wealth index in five countries;
for Egypt, we used a dummy variable of working for cash or not.
The demographic factors are infant sex and mother’s age at birth.

The rest of the article is organized as follows. In the next section,
the statistical methods and database used are presented. The third
section presents the results of the analysis and discussion. Finally,
the conclusion recapitulates the results of this work.

Methodology and Data

Statistical Methods

Survival time can be defined as the time elapsed until the appear-
ance of an event of interest. Indeed, these data are often collected
partially, in particular because of the processes of censorship and
truncation (Jong & Mara, 2004). The survival function, S(t), is the
probability of surviving beyond time t, defined as:

S tð Þ ¼ P X > tð Þ ¼
Z 1

t
f xð Þdx; t � 0: (1)

S(t) is a decreasing function, and the average survival time
expressed follows from the distribution function F(t), which is
complementary to S(t), F(t) = 1 – S(t):

F tð Þ ¼ P X � tð Þ ¼
Z

t

0
f xð Þdx

Risk Function λ(t)

Risk function characterizes the probability of dying in a small time
interval after t, conditional on having survived up to time t (i.e., the
risk of instant death of those who survived).

� tð Þ ¼ limh!0
Pðt � X � t þ h=X � tÞ

h
¼ f ðtÞ

SðtÞ ¼ � S tð Þ0
S tð Þ

¼ � linS tð Þ½ �0 (2)

An alternative for estimating net survival, that is, survival if the
only causes of death are related to being twin, but without the need
to know whether the cause of death was attributable to the pathol-
ogy, was provided by the relative survival model. Indeed, the sur-
vival observed in the study group So(t) is corrected by the expected
survival, Se(t), estimated from a control group.

Sr tð Þ ¼ So tð Þ
Se tð Þ (3)

This represent a ratio between observed survival So(t) and
expected survival Se(t) in a given time t in the general population
for groups of the same age and same sex. The most commonmeth-
ods for estimating expected survival were the Ederer II method

(Ederer & Heise, 1959) and the Hakulinen method (Hakulinen,
1982). These methods are based on the calculation of expected sur-
vival from the general population and on nonparametric estima-
tion methods. Later, approaches based on the modeling of the
risk function appeared.

Several regression approaches have been proposed in the liter-
ature: the additive risk models of Mitry et al. (2005) and Hakulinen
et al. (2011), and Breslow’s multiplicative risk models and
Andersen et al.’s (1985), which proposed a combined modeling
of excess mortality and relative mortality, which is a special case
of Aalen’s linear risk-additive regression model. In fact, this
method is based on the assumption that the twins are subject to
two mortality forces: mortality related to be a twin and mortality
related to all other causes of death for children (Figure 1).

The two main regression models (additive models) of Estève
et al. (1990) and Hakulinen and Tenkanen (1987) are both para-
metric models with proportional hazards, exponential at intervals
for the first and discrete for the second. They make it possible to
express the excess risk to which the sample studied is subjected. In
this study, we used the Estève model, which is based on full maxi-
mum likelihood.

Modeling Relative Survival Using a Full Likelihood Approach

Excess mortality is the analogue of mortality in relative survival,
and the modeling process was based on this quantity. The total risk
of death λ(t; x) at time since birth, t, for twins (with covariate vector
x) is modelled as the sum of the expected hazard, λ(t; x)* and the
excess hazard due to being a twin, ψ(t; x), that is:

� t; xð Þ ¼ �ðt; xÞ� þ  t; xð Þ (4)

We obtain λ(t; x)* from a table of instantaneous mortality rates
of the general population; generally, these tables are stratified on
just one variable (i.e., sex). We note (ti, δi, ai, xi), i = 1, : : : , n as
sample data of n individuals; ti is the survival time since the birth;
the expected hazard λ(t; x)* is obtained from the existing relation-
ship between mortality rates λi(aj) at a specific age and the prob-
ability of survival pi(j). For the practical needs of this study, it may
be considered that

pi jð Þ ¼ 1� �i aj
� �� � tj�tj�1ð Þ (5)

For life tables with an age dimension of length, 1, Equation (5)
becomes:

pi jð Þ ¼ 1� �i aj
� �

(6)

ψ(t; x) is modelled using a proportional rate model, constant at
intervals of time, which is written as

 t; xð Þ ¼ η tð Þexp
X

K
k¼1

βkxk
� �

; (7)

With

η tð Þ ¼
X

j
τjIj tð Þ; and Ij tð Þ ¼ 1; tj�1 � ti � tj

Ij tð Þ ¼ 0; ti > tj:

�

Where τj represents a child for whom xk ¼ 0, the specific mortality
rate in the jth interval (Estève et al., 1990) illustrates a method for
estimating the model in Equation (4) directly from individual-level
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data using a full maximum likelihood approach. The likelihood
function is given as

L β; xi; ti; δi; aið Þ ¼
Y

n
i¼1

exp �
Z

ti

0
�ðs; xi; aiÞds

� �
�ðti; xi; aiÞð Þδi

(8)

From Equation (1), the log likelihood is given as:

L β; xi; ti; δi; aið Þ ¼

¼ �
X

n
i¼1

Z
ti

0
� s; xi; aið Þ�ds

� �

�
X

n
i¼1

Z
ti

0
� s; xð Þds

� �

þ
X

n
i¼1

δiln �ðt; xÞ� þ  t; xð Þð Þ (9)

So,

L β; xi; ti; δi; aið Þ /
X

n
i¼1

Z
ti

0
 s; xð Þds

� �

þ
X

n
i¼1

δiln �ðt; xÞ� þ  t; xð Þð Þ (10)

/
Xn
i¼1

δiln �ðt; xÞ� þ exp
XK
k¼1

βkxk

 ! !
� tiexp

XK
k¼1

βkxk

 ! !

The contribution of each individual i to the log likelihood is:

Li β; xi; ti; δið Þ ¼ δiln �ðt; xÞ� þ exp
XK
k¼1

βkxk

 ! !

� tiexp
XK
k¼1

βkxk

 !
:

The parameters vector, β; are estimated by solving the system
equations:

@Li β; xi; ti; δið Þ
@β

¼ 0:

Similarly, the variance–covariance matrix,Σij β
� �

is given by the
following derivatives:

X
ij

β
� �

¼ @2Li β; xi; ti; δið Þ
@βi@βj

Generally, these models have proportional excess hazards as a
special case, but often nonproportional excess hazards are
observed. To deal with nonproportionality, we can use a piecewise
constant model (Dickman et al., 2004), or a fractional polynomials
model (Lambert et al., 2005), or splines function (Giorgi
et al., 2003).

Data

The Arab world is located in one of the most strategic regions of the
world, extending from the Atlantic Ocean to the Arab Gulf to the east
and from the Arabian Sea to Turkey and the Mediterranean to the
north (Figure 2). The Arab world covers 10% of the world’s surface
(13.5million km²) and had a population of about 359million in 2017.

The population growth rate in the Arab world is 2.3%, with the
highest growth rate in Oman at 3.48%, the lowest in Lebanon at
1.38% and in Tunisia at 1.15%. The birth rate in the Arab world
is 29.38 per 1,000 inhabitants, while the mortality rate is 7.17
per 1,000 inhabitants. The highest infant mortality rate in
Somalia is 123.97 per 1,000 live births, and Djibouti has 101.5
deaths per 1,000 live births. The lowest rate is in Kuwait, with
11.82 deaths per 1,000 live births.

This is the first study in the Arab world that focuses on
differences in death rates between twins and singletons. As indi-
cated in the Introduction section, we used the MICS database
for estimation. The methodology of MICS, which was established
by UNICEF (2018), is focused on helping countries to collect and
analyze data to fill the gap in data on indicators to monitor the sit-
uation of children and women. It has enabled countries to produce
statistically robust and internationally comparable estimates for a
range of indicators in the areas of health, education, protection and
child health, and HIV/AIDS. The findings of MICS have been
widely used as a basis for policy and program development, and
to raise awareness of the situation of children and women around
the world. A summary description of data from the six Arab coun-
tries we studied is shown in Table 1.

The choice of these six Arab countries is not arbitrary, but is
based on the ranking according to the Human Development
Index (HDI) in 2018 (United Nations, 2018); for high human
development, we selected Algeria and Tunisia, for medium devel-
opment, we selected Iraq and Egypt, and for low development, we
selected Mauritania and Sudan. Survival analyses were conducted
with R software using relsurv and survival packages (Pohar Perme
& Pavlic, 2018), which are publicly available on the R CRAN
website.

Models for
individual data

Net survival

Additive modelsMultiplication models Models with a B-
spline function

Cox PH model, 
transformation of 
time variable as:

y = Fp(t)

Andersen et al,
model: a Cox PH 
model with variables
time dependent

Models of:
Hakulinen-Tenkanen.
Poisson Model.
Esteve Model

Extension of the Esteve
model + NPH
hypothesis and time-
dependent covariables.

Fig. 1. Estimation methods and models of net survival.
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Variables

The variables in our study were selected based on previous studies
on the risk factors for deaths of children in general (Fawzi et al.,
1997; Mishra et al., 2017; Selemani et al., 2014; Suchindran &
Adlakha, 1985) and twins compared to singletons (Ananth
et al., 2004; Guang & Laurance, 1993; Steenhaut & Hubinont,
2012). Furthermore, for nonhomogeneous measures in the
MICS4 databases for the six countries, we focused our research
on these variables: sex of the twin (male: 1, female: 2); birth order
of twins within the family as a whole (1st, 2–3, 4–6, +7); mother’s
education level (illiterate, primary, secondary, higher); wealth
index1; and mother’s age at birth (e.g., <20, 20–29, 30–39, 40–49).

Results and Discussion

For twinning rates in the six countries, the highest rate was
recorded in Egypt (2.05%), the lowest in Algeria (1.3%), while
the remaining countries have approximately an equal twinning
rate. The average rate of twins was 1.5%, which is approximately
the same as the United States (Ananth et al., 2004). Compared with
Smits and Monden’s (2011) study, for Iraq, Mauritania, Tunisia
and Sudan, we have approximately the same results. Egypt was
an exception, as indicated by a twin rate of 1.8%, because we used
a different database and therefore a different sample size; further-
more, Smiths and Monden’s study covered the period 1987–2010,
while our study covered the period 1979–2013.

Table 2 describes health, demographic and economic features of
the six countries in 2018. In terms of population, Egypt’s popula-
tion was the highest with 100 million, followed by Algeria with
40 million. Mauritania’s population was the lowest at 4.3 million.
If the six countries are ordered according to their current health
expenditure per capita (in US$), Algeria is in first position, fol-
lowed by Tunisia, and Mauritania is last; when ordered according
to neonatal mortality rate (per 1,000 live births), the order is

inverted, and Mauritania is in first position and Algeria and
Tunisia are last. We conclude that there is a negative relationship
between these two variables. However, Table 2 shows that the
maternal mortality (per 100,000 live births) is very low in Egypt
(33), Iraq (50) and Tunisia (62) compared to the level reached
by Mauritania (602), Sudan (311) and Algeria (140). Mauritania
had the highest level of maternal mortality.

Despite the fact that the male–female ratio among twins is
almost equal, Figure 3 shows that male twins (black line) have a
higher risk of dying than female twins (green line); this is true
for all countries except Tunisia. Twins are at more risk of dying
in the first year of birth than singletons; this risk is higher in house-
holds where women are less educated, have a low income level, and
whose age is over 40 years (see Tables 3–8). The death risk rates for
twins and singletons are recorded for their 10th month in
Mauritania, but only for females; male twins maintain the same
level of risk during the first year of birth. For Iraq and Tunisia,
the interaction of the risk functions of twins and singletons is
approximately in the fifth month, with a slight difference between
the two sexes. For Algeria, Egypt and Sudan, twins have a higher
risk of dying in their first year. Table 9 shows the expected death
risk, the relative death risk estimation and the excess rate of deaths
of twins; Figure 3 shows the probability of death with the area
under the curve, which is calculated on an interval of 365 days.
The results in Table 9 confirm that the risk of death rate for twins
is higher than that for singletons, and among twins, males have the
highest risk rates over the first year of birth, especially in Sudan
(0.214) and Mauritania (0.184).

In univariate modeling, this mortality factor is significant for all
six countries, but in the multivariate case, and after adjusting for
other demographic and economic variables (Tables 3–8), it is sta-
tistically significant for Algeria, Iraq, Mauritania and Sudan.
Overall, there is an excess mortality of male twins compared to
females, with a hazard ratio (HR) of exp(0.26) = 1.29,

Table 1. Description of MICS database

Country MICS Year N children Period N twins (%)

Algeria 4 2012 58,390 (1974–2012) 1,541 (1.3)

Iraq 4 2012 136,578 (1971–2012) 4,150 (1.5)

Mauritania 4 2011 33,648 (1972–2011) 1,021 (1.52)

Egypt 5 2013 17,689 (1979–2013) 721 (2.05)

Sudan 4 2010 47,092 (1970–2010) 1,441 (1.51)

Tunisia 4 2012 13,569 (1977–2012) 406 (1.51)

Note: Date extracted from MICS4 databases.

Fig. 2. Geographical locations of countries.
Note: Sourced from Google Maps.
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exp(0.255) = 1.29, exp(0.491) = 1.63, exp(0.231) = 1.26 in Algeria, Iraq,
Mauritania and Sudan, respectively. So, the sex discrimination
effect estimation results for the six countries partially confirm
those shown in the figures.

According to the results presented in Tables 3–8, for the wealth
index effect on twin riskmortality, as one would expect, the income
level of the country is correlated with the child mortality rate for
most countries. This index is technically the best proxy for house-
hold-level wealth as it includes the variables of consumer durables
(e.g., TV, fridge, car), housing characteristics (e.g., quality of build-
ing material, toilet facility, number of rooms), and access to basic

services (e.g., water, electricity). Assets are entered into a principal
component analysis (PCA), with the first factor chosen as a
wealth index.

The relative coefficients are not significant for Tunisia and
Egypt; for the latter, the wealth index was not available in the
MICS database, so we used another proxy variable, which was
“Working for cash (yes or no)” (Table 3). For Algeria, Iraq,
Sudan andMauritania, the estimated coefficients were respectively:
HR = exp(−0.26) = 0.771, HR = exp(−0.118) = 0.889, HR = exp(−0.255)
= 1.774, HR= exp(−0.128) = 0.879, respectively. So, the negative rela-
tionship is clearly confirmed between the wealth index and the risk

Table 2. Demographic, health and economic characteristics in 2018

Algeria Egypt Iraq Mauritania Sudan Tunisia

Total population (1000s) 40,606 95,689 37,203 4,301 39,579 11,403

Life expectancy at birth (years) for:

Males 75.4 68.2 67.5 62.6 63.4 74.1

Females 77.4 73 72.2 65.2 66.9 78.1

Both sexes 76.4 70.5 69.8 63.9 65.1 76

Healthy life expectancy at birth (years) 65.5 61.1 59 56.4 55.7 66.3

Current health expenditure per capita (US$) 292 157 154 54 152 232.15

Current health expenditure as percentage of gross domestic product (GDP) (%) 7.1 4.2 3.4 4.6 6.3 6.7

Maternal mortality ratio per 100,000 live births 140 33 50 602 311 62

Proportion of births attended by skilled health personnel (%) 97 92 70« 69 78 74

Under-five mortality rate per 1,000 live births 25.2 22.8 31.2 81.4 65.1 13.6

Neonatal mortality rate per 1,000 live births 15.6 12.8 18.2 33.7 29.4 8.1

Note: Data sourced from World Health Organization (2018).

Fig. 3. Relative risk functions of twins and singletons according to sex of child.
Note: sex 2 = male, sex 1 = female.
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Table 4. Relative survival estimate for twins in Algeria using the Estève et al.’s model

Variables

Coefficients estimate

Proportional excess hazard assumptionEstimate SE z value Pr(>|z|)

Education

Illiterate −0.244 0.212 -1.152 0.24 0.124

Primary 0.222 0.210 1.05 0.29 0.332

Secondary + 0.250 0.238 1.050 0.29 0.012

Wealth index −0.255 0.071 −3.598 0.00 0.125

Sex (male) 0.260 0.139 1.873 0.06 0.554

Birth order

2–3 −0.519 0.243 2.131 0.03 0.142

4–6 −0.400 0.261 1.530 0.121 0.012

+7 −1.286 0.296 4.345 0.00 0.447

Mother age

20–29 years 0.225 0.155 1.451 0.14 0.221

30–39 years 0.821 0.749 1.12 0.86 0.032

40–49 years 0.255 0.216 0.98 0.83 0.091

Global model – – – – 0.621

Note: Significant variables and Pr(>|z|) are in bold; α = .001, .01, .05, .1.

Table 3. Relative survival estimate for twins in Egypt using the Estève et al.’s model

Variables

Coefficients estimate

Proportional excess hazard assumptionEstimate SE z value Pr(>|z|)

Education

Illiterate 0.775 0.354 2.187 0.028 0.125

Primary 0.406 0.382 1.061 0.288 0.554

Secondary −0.255 0.367 −0.696 0.486 0.012

Previous birth interval −0.236 0.067 −3.516 0.000 0.741

Working for cash −0.029 0.389 −0.076 0.939 0.021

Sex (Male) −0.005 0.179 −0.028 0.977 0.124

Mother age −0.028 0.381 −0.071 0.941 0.125

Global model – – – – 0.101

Note: Significant variables and Pr(>|z|) are in bold; α = .001, .01, .05, .1.

Table 5. Relative survival estimate for twins in Iraq using the Estève et al.’s model

Variables

Coefficients estimate

Proportional excess hazard assumptionEstimate SE z value Pr(>|z|)

Wealth index −0.118 0.043 −2.755 0.005 0.125

Sex (Men) 0.255 0.085 −2.988 0.002 0.457

Birth order

2–3 −0.071 0.114 0.621 0.534 0.015

4–6 −0.126 0.132 0.956 0.338 0.445

+7 −0.656 0.146 4.482 0.000 0.004

Education

Illiterate 1 – – – –

Primary −0.524 0.267 −1.962 0.049 0.321

Secondary + −0.464 0.278 −1.668 0.095 0.128

(Continued)
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of death for twins. The first three are significant at the
α = .05 error level, while the last is α = .00. Under the assumption
that “malnutrition” is a proxy variable of wealth level of a house-
hold, the study by Fawzi et al. (1997) validates the results found in
our modeling. Other things being equal, the poorest households
have the highest levels of twin excess mortality, and the households
with the highest wealth have the lowest rates.

Mother’s Education

As expected, a strong link was found between the mother’s level of
education and her children’s survival chances. However, this rela-
tionship is not a simple one, because mortality does not decrease
uniformly with increasing level of education. For Egypt, Table 3
shows that twins of illiterate mothers have higher excess mortality,
estimated as an HR = exp(0.775) = 2.17. For Iraq, twins of mothers

Table 6. Relative survival estimate for twins in Tunisia using the Estève et al.’s model

Variables

Coefficients estimate

Proportional excess hazard assumptionEstimate SE z value Pr(>|z|)

Wealth index −0.033 0.967 −0.160 0.873 0.054

Sex (Men) −0.074 0.928 −0.225 0.822 0.254

Birth order

2–3 0.031 1.032 0.056 0.291 0.365

4–6 −0.623 0.752 −0.315 0.291 0.452

+7 −0.284 0.795 −0.315 0.753 0.012

Education

Illiterate 1 – – – –

Primary −0.076 0.926 −0.145 0.885 0.001

Secondary + −1.288 0.275 −1.132 0.258 0.021

Mother age −0.043 0.967 −0.260 0.873 0.012

Global model – – – – 0.123

Note: Significant variables and Pr(>|z|) are in bold; α = .001, .01, .05, .1.

Table 7. Relative survival estimate for twins in Sudan using the Estève et al.’s model

Variables

Coefficients estimate

Proportional excess hazard assumptionEstimate SE z value Pr(>|z|)

Education

Illiterate 1 – – – –

Primary −0.279 0.188 −1.55 0.051 0.091

Secondary + −0.389 0.317 −1.227 0.219 0.225

Wealth index −0.255 0.069 −3.373 0.00 0.454

Sex (males) 0.231 0.099 −2.321 0.02 0.125

Mother age −0.084 0.016 −4.962 0.001 0.265

Global model – – – – 0.432

Note: Significant variables and Pr(>|z|) are in bold; α = .001, .01, .05, .1.

Table 5. (Continued )

Variables

Coefficients estimate

Proportional excess hazard assumptionEstimate SE z value Pr(>|z|)

Mother age

20–29 years −0.470 0.125 −3.757 0.000 0.332

30–39 years −1.095 0.166 −6.595 0.000 0.551

40–49 years −0.737 0.340 −2.164 0.030 0.124

Global model – – – – 0.561

Note: Significant variables and Pr(>|z|) are in bold; α = .001, .01, .05, .1.
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with a primary education have 40.7% lower excess mortality,
1−HR = exp(−0.524) = 0.407, than twins of illiterate mothers; for
twins of mothers with secondary education or more, their excess
mortality is lower by 37.1%, 1−HR = exp(−0.464) = 0.371, than
twins of mothers with no education. For Sudan, twins of mothers
with a primary education have 24.3% lower excess mortality,
1−HR = exp(−0.279) = 0.243, than twins of illiterate mothers.

Finally, it is generally accepted that the education of parents and
especially that of the mother is a determining factor in the mortal-
ity rate of young children in general and twins in particular.

Mother’s Age and Twins’ Mortality

Part of the increase in infant mortality among young mothers is due
to the lack of experience in caring for the infant (Neal et al., 2018;
Selemani et al., 2014). For Sudan, we found a negative relationship
betweenmother’s age and excess risk of twins’ death; all others being
equal, an increase in amother’s age by one yearwill reduce the excess
risk of death by 8.05%, 1 – HR = exp(−0.084). For Iraq, age was not a
continuous variable; the results showed that in the 20- to 29-year age
group, the excess risk of death of twins was reduced by an HR =
exp(−0.470) = 37.5% compared to mothers aged below 20 years; for
the 30–39 and 40–49 age groups, the excess risk was reduced, respec-
tively, byHR= exp(−1.09) = 66.5%, andHR= exp(−0.737) = 52.1%. For
the remaining countries, this variable was not significant.

Birth Order and Twin Excess Risk of Death

Several studies have been conducted to establish the link between
birth order and child mortality, (Barclay & Kolk, 2015; Black et al.,
2005; Mishra et al., 2017; Sulloway, 1996; Zajonc &Markus, 1975).
Although the results are often mixed and controversial, a common
finding inmost studies is that infants born later have far worse con-
sequences in all areas of life as reported byMishra et al. (2017). The
results of these studies were for children in general, and these con-
troversial results were confirmed for the twins in our models
(Tables 3–8). The first-order child (i.e., first child born in the
household) was taken as a reference class for this variable. For
Algeria, the estimates show the excess risk of death of twins if they
are the first children is 1.68 times, HR = exp(0.514), compared to
twins who were born second or third order, and 3.61 times,
HR = exp(1.286), for twins who were seventh order or more. For
Iraq, this excess risk is 1.92 times, HR = exp(0.656), compared to

twins who were seventh order or more; the rest of the modalities
are not significant. For Mauritania, the excess risk of death for the
first-order twins is 1.43 times, HR = exp(0.358), compared to the
twins who were fourth to sixth order, and 2.03 times, HR =
exp(0.711), for twins who were seventh order or more.

Model Check Adequacy

In relative survival analysis, the assumption to be satisfied is its pro-
portional (excess) hazard assumption (Stare et al., 2005), According
to the p values shown in Tables 4–9 for each variable and the global
models, proportional hazard assumption is true because the p value
of all variables ismore than .05. Among the six estimatedmodels, the
estimation results were adequate andmore significant in Iraq than in
the other five countries; we think that the sample size (N = 136,578)
had an important role in this sense.

Conclusion

In this study, we have empirically investigated the excess risk mor-
tality of twins over singletons in six Arab countries. As an estima-
tion method, we applied the relative survival approach, which
allows the estimation of a specific risk factor for a specific group.
This study confirms the excess infant mortality risk of twins over
singletons for all six countries. It also validates the importance of
the wealth index and mother’s education level as determinants of
higher excess infantmortality of twins. It reveals differences among
twins’ excess risk mortality according to sex and overall birth order
within the family. The lack of significance of socioeconomic factors
in certain countries partly confirms the major hypothesis of this
research, according to which biological (clinical) factors are the
generative phenomenon (or the intrinsic factor) of excess mortality
of twins compared to singletons. We hope that governments,
researchers in demography and health professionals in the Arab
world will use our findings to promote the health and well-being
of children in general, and twins in particular as more optimal
management should minimize losses.

Finally, the countries of the Arab world are not homogeneous in
their levels of economic and social development, which must be
taken into consideration in any future research in this region. In
further research, we think that studying the evolution of twin rates
in these countries is extremely important.

Table 8. Relative survival estimate for twins in Mauritania using Estève et al.’s model

Variables

Coefficients estimate
Proportional excess hazard

assumptionEstimate SE z value Pr(>|z|)

Wealth index −0.128 0.079 −1.61 0.10 0.132

Sex (Males) 0.491 0.146 3.36 0.00 0.321

Birth order

2–3 −0.215 0.189 −1.14 0.254 0.022

4–6 −0.358 0.198 −1.81 0.07 0.441

+7 −0.711 0.275 −2.58 0.00 0.654

Female cohort

1970–1986 0.225 0.155 1.45 0.14 0.061

>1986 2.206 0.749 2.94 0.003 ** 0.213

Global model – – – – 0.421

Note: Significant variables and Pr(>|z|) are in bold; α = .001, .01, .05, .1.
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1 For the index construction, see https://www.dhsprogram.com/topics/wealth-
index/Wealth-Index-Construction.cfm

Table 9. Comparison of relative survival estimation between singletons and twins according to infant sex in the six arab countries(*)

Twin and singleton death risk in
subtime interval** 0.2 0.4 0.6 0.8

Egypt Female Twin 0.128 0.136 0.155 0.153

Singleton 0.005 0.010 0.015 0.020

Excess 0.123 0.126 0.140 0.133

Male Twin 0.149 0.163 0.164 0.162

Singleton 0.005 0.010 0.015 0.019

Excess 0.144 0.153 0.149 0.142

Iraq Female Twin 0.077 0.057 0.035 0.009

Singleton 0.029 0.057 0.086 0.115

Excess 0.048 −0.001 −0.051 −0.106

Male Twin 0.110 0.087 0.067 0.044

Singleton 0.027 0.055 0.082 0.110

Excess 0.083 0.032 −0.015 −0.065

Algeria Female Twin 0.101 0.107 0.111 0.110

Singleton 0.004 0.008 0.011 0.015

Excess 0.097 0.099 0.099 0.094

Male Twin 0.128 0.134 0.141 0.137

Singleton 0.004 0.007 0.011 0.015

Excess 0.124 0.127 0.130 0.122

Tunisia Female Twin 0.068 0.056 0.033 0.011

Singleton 0.022 0.045 0.067 0.090

Excess 0.046 0.011 −0.034 −0.079

Male Twin 0.053 0.031 0.020 0.004

Singleton 0.022 0.043 0.065 0.087

Excess 0.031 −0.012 −0.045 −0.083

Mauritania Female Twin 0.094 0.091 0.088 0.075

Singleton 0.018 0.035 0.053 0.070

Excess 0.077 0.056 0.035 0.004

Male Twin 0.190 0.186 0.187 0.175

Singleton 0.016 0.032 0.048 0.064

Excess 0.174 0.154 0.139 0.111
Sudan Female Twin 0.139 0.142 0.151 0.149

Singleton 0.014 0.028 0.043 0.057

Excess 0.125 0.114 0.108 0.091
Male Twin 0.205 0.207 0.217 0.225

Singleton 0.013 0.026 0.039 0.053

Excess 0.192 0.181 0.178 0.173

Note: Analyses used relsurv R package. Significance levels are shown in bold type. **An example (for Algeria) of the code instruction used for this estimation is given as: AlgeriaRelsurv =
cmp.rel(Surv(age,death)∼sexe,rmap = list(age = age,year = anne,sex = sexe),ratetable = ratable,conf.int = 0.95,data = twins,tau = 365)### (tau = 365 days)######
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