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A structural equation model to explore Abstract
sociodemographic, macroeconomic, and health
factors affecting life expectancy in Oman Introduction: the factors determining life

expectancy (LE) are crucial for policymakers to
study in implementing an effective and accurate
intervention in society. In Oman, the available data
over the past four decades were not extracted to
develop a statistical model to understand how the
sociodemographic (SD), macroeconomic (ME), and
health-status and resources (HSR) factors affecting
LE. The study was aimed at creating a
representative model to explain the factors
affecting LE in Oman and examine the direct and
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indirect effects of SD, ME, and HSR in LE in Oman.
Methods: the research was a retrospective,
ecological, time-series study design to collect the
annual published data on SD, ME, and HSR in Oman
from all available resources from 1978 to 2018. The
data were then analyzed with structural equation
modeling (SEM) method using IBM® SPSS® Amos 24
for the study of their impacts in LE. Results: in
Oman, using SEM, the SD, ME, and HSR significantly
and directly affected LE by the estimate of -0.92 (p
< 0.001), -0.15 (p < 0.001), and 0.23 (p < 0.001)
respectively. Conclusion: the study was the first
attempt to analyze all the different aspects of LE
comprehensively in Oman. In the case of Oman, the
health resource is an important factor that need to
be addressed to increase or to maintain the current
LE. Hence, during social hardship or economic
recession,  health-related  support by the
government should be continued or even improved
because of its positive effect on LE.

Introduction

The worldwide life expectancy (LE) at birth in the
21" century showed an uptrend pattern that
resulted in the current average LE of more than 70
years old, which is higher than that in any country
back in 1950 [1]. LE is one of the key metrics in
public health performance [1, 2]. LE at birth provide
the assessment of the mortality pattern among all
age groups each vyear, including children,
adolescents, adults, and the elderly [1]. The
importance of LE has been emphasized in the
United Nations Millennium Declaration in the year
2000, the past Millennium Development Goals
(MDG) 2015, and the current Sustainable
Development Goals (SDG) 2030 [3]. As in Gulf
Cooperation Council (GCC) countries, consisting of
Oman, Kuwait, Bahrain, Saudi Arabia, Qatar, and
United Arab Emirates, the well-being and health of
the populations have undergone significant
changes due to the economic progress that brings
improvement in fertility rates, infant mortality
rates, and LE [4]. Oman's LE has increased
substantially since the 1950°s when the Omani LE
just lasted around 33 years on average. According

to the World Health Organization (WHO), in 2018,
the average LE in Oman was approximately 77.0
(Male 75.3, female 79.5), which placed Oman to be
ranked the 45th worldwide [5, 6]. Dwindling oil
revenues have significantly been used to help the
average citizens' well-being through
modernizations and human development, which
were not seen before the renaissance of Oman.
Since 1971, the development of health
infrastructures,  educational facilities, and
economic improvements has majorly contributed
to the rise of living standards, hence increasing LE
of common citizens of Oman as they receive free
basic health care, with a royal decree from the late
HM Sultan Qaboos bin Said Al Said [5, 7]. Oman was
ranked 8th for their overall healthcare performance
in the world in year 2000, but the position then
declined significantly as the country was not
included in the top 30 of nations with the most
efficient health care in 2014 [8, 9]. The related
ranking system observes the efficiency score of
each country by measuring the change in LE
compared with the change in the Gross Domestic
Product (GDP) per capita and change in the health-
care cost per capita [9, 10]. Based on those facts,
there are room for improvements in Oman’s
healthcare system and determining factors
affecting LE in Oman has a crucial policy implication
in rectifying the previous status in the global stage
in performing a better overall healthcare
performance in the years ahead, especially by
addressing the sociodemographic and
macroeconomic impact on its health output (LE).

Different researches have tried to identify the
factors impacting LE in different countries, which
comprise economic, demographic, and health
factors [11-14]. Social factors such as the mean
years of schooling, the total fertility rate, the
number of physician density, and HIV prevalence
had significant direct and indirect effects in LE [11].
Infant Mortality Rate (IMR) was negatively
correlated to LE through health resources in
Indonesia, the Philippines, and Vietnam [13].
Economic growth had a positive impactin LE in both
low and high-income countries, mainly represented
by GDP [13-15]. The employment ratio for both
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men and women also played an important role in
LE, as the increase of unemployment might also
decrease LE [13-15]. As in Oman, inflation and per
capita income had a negative but insignificant
relationship to LE [16]. This previous finding
demands further study since it differs from the
result found in other countries [11-14]. For health
factors, the promotion of health standards and
health infrastructures were directly related to LE of
the people in both developing and developed
countries [1].

The number of health service providers and health
expenditures  significantly  correlated  with
LE [12, 13, 17-20]. In Oman, non-contagious and
lifestyle-related diseases became substantially
more prevalent within the past decade, especially
obesity as almost 27 percent of Omani adults were
obesein 2017, and Oman was ranked the 39th most
obese country [21, 22]. On the other hand, obesity
had a significant effect on mortality and life
expectancy [23]. Another significant factor for
health was air pollution which had a significant
negative impact in LE [24]. Mental disorders and
substance use also significantly reduced LE of the
population [25,26]. Though the impact of
sociodemographic, macroeconomic, and health
factors in LE has been studied in many other
countries, there has been little research conducted
for LE’s determinants within the GCC region,
especially Oman. The study was aimed to create a
representative model to explain the factors
affecting LE in Oman. In particular, this study
examined the direct and indirect effects of
sociodemographic (SD), macroeconomic (ME), and
health-status and resources (HSR) in LE in Oman.

Methods

Design: the study was conducted as a
retrospective, ecological, time-series study design
to collect the annual data for Oman from all
available resources from 1978 to 2018. The period
under the study was chosen because before the
early 70s there was a lack of official data available
in Oman since the renaissance and the

modernization of the Sultanate only started in
1970.

Study area/setting: the study area is within the the
Sultanate of Oman. The setting is based on the
annual population data of the sultanate from 1978
to 2018.

Data sources and ethical approval: the study used
published data provided from the Ministry of
Health of Oman, the Center for Statistics and
Information of Oman, the World Health
Organization, the World Bank, and other databases
which were available in the public domain. Due to
the utilization of secondary data, the ethical
exemption was obtained from the IRB of Sultan
Qaboos University (MERC #2032). The data
collection started from December 2019 to
December 2020. The data were evaluated for its
sources and accuracy, mainly by deleting items with
large numbers of missing data. Although there was
no clear guideline on how large the baseline for the
percentage of the missing data is allowed, this
study deleted any items with more than 20%
missing data [27]. If any data had been missing at
random, it would have been replaced by the
multiple imputation method [28].

The model and variables

A conceptual model was used based on previous
studies conducted in the ASEAN countries
(Figure 1) [12-14]. Items symbolized with the
rectangular shape represent the observable
variables, while the oval-shaped items represent
the latent (non-observable) variables. An arrow
indicates the direction of a hypothesized predictive
or regression relationship, while the bidirectional
arrow implies correlation or covariance between
two variables. All the observable items included in
this study have undergone the data cleaning
process and shown a certain level of impact in LE
from the previous related studies [11-17, 29, 30]. LE
is the dependent variable, defined as an average
number of years of life remaining at a given age,
particularly at birth, from which the calculation is
based on the analysis of life tables [1]. There are
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three main latent variables (SD, ME, HSR) expected
to impact LE. SD consists of 5 observable variables:
the primary and secondary school enrollment as
the percentage of primary/secondary school
enrollment annually [31, 32], IMR as the rate of
infant mortality per 1000 live births annually [33],
fertility rate as the total birth per woman
annually [34], and female adult mortality rate as
the ratio of adult mortality of female population
annually [35]. In the ME, observable variables
include the GDP per capita as the gross domestic
product per number of population in current USS
annually [11-15], the dependency ratio as the
percentage of the working-age population
annually [36], and capital investment in billion USS
annually [37]. For the HSR, observable variables
include CO2 emissions as the carbon dioxide
emitted in metric tons per capita annually [24],
mental and substance use disorders as the
percentage of mental disorders and substance use
within a share of total disease burden annually [38],
and the prevalence of obesity for females or males
as the percentage of adult female/male population
with obesity in the given year [39] (Figure 1).

Statistical analysis

The study utilized Structural Equation Modeling
(SEM) to measure the direct and indirect effect
according to the proposed model, using IBM®
SPSS® Amos 24 as the statistical tool. The relations
among variables in the SEM were defined by a
series of equations that described hypothesized
structures of relationships. An asymptotic
correlation matrix was used to estimate the model
parameters (Table 1). Once a model was
established, absolute measures and incremental fit
indices were used to examine its goodness of
fit [38, 39]. In the absolute measures, the normed
X’ (=x*/df) with cut-off < 4.0 indicates a good fit [38].
Tucker-Lewis Index (TLI) ranges from 0 to 1, of
which at least 0.90 value is accepted as a good
fit (40, 41]. Root Mean Square Error of
Approximation (RMSEA) ranging from 0 to 1
indicates a well-fit with below 0.05 [40, 41]. Instead
of using the RMSEA, the Standardized Root Mean
Square Residual (SRMR) is recommended if the

sample or degree of freedom is < 50 [40, 41]. SRMR,
which ranges from 0 to 1, indicates a well fit when
the value is below 0.08 [42, 43]. The Akaike’s
Information  Criterion (AIC), Browne-Cudeck
Criterion (BCC), Consistent version of the AIC
(CAIC), and Expected Cross-Validation Index (ECVI)
compare two or more models of which LEast values
reflect the better model [40,41]. The Incremental
Fit Indices, which differ from the absolute
measures, compare a given model to an alternative,
usually the conceptual model. They consist of the
Incremental Fit Index (IFI), Normed Fit Index (NFI),
and Comparative Fit Index (CFl), which range from
0to 1, and the threshold is at least 0.90 [40, 41]. If
the model had not been adequate, modifications by
removing those not significant relationships among
variables would have been performed until a model
reached a good fit. AMOS program was used to
perform all the analysis, and all tests were set at a
5% level of significance (Table 1).

Data availability: the data used in this study will be
made available with reasonable request to the
corresponding author.

Funding: this study was funded by the Deanship
Research Grant of Sultan Qaboos University
(RF/MED/ FAMCO/19/03).

Ethical approval: an ethical exemption was
obtained from the IRB of Sultan Qaboos University
(MERC #2032).

Results

In Table 2, the initial conceptual model resulted in
poor fit on all indices (x’/df=7.5, TLI=0.6,
RMSEA=0.4, SRMR=0.08, AIC=514.9, IFI=0.7,
NFI=0.7, CFI=0.7), it needed further modifications
to improve the goodness-of-it. There was a
significant improvement, as shown from model 1 to
model 3. The model fit indices showed that, overall,
model 3  (¥/df=3.3, TLI=0.9, RMSEA=0.2,
SRMR=0.06, AlC=234.4, IFI=0.9, NFI=0.9, CFI=0.9)
had better results than the other 3 models. Using
standardized estimates, based on model 3
(Figure 2), the SD factor significantly and directly
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affected LE by -0.92 (p < 0.001), the ME factor
significantly and directly affected LE by -0.15 (p <
0.001), and the HSR significantly and directly
affected LE by 0.23 (p < 0.001). No indirect effect
resulted. Thus, the analysis of the model proved
that there were significant direct effects of SD, ME,
and HSR on LE in Oman (Table 2, Figure 2).

Discussion

The result showed that SD and ME had a significant
and negative effect in LE while HSR had a significant
and positive effect in LE. The study is the first
attempt to compile all different aspects of LE
comprehensively in Oman. A potential explanation
of the negative effect of SD in LE can be seen from
the education factor, in particular the lifestyle of
people with higher education that include: more
stress due to more complex responsibilities at
work, bad diet, long working hours, and less
physical activity which, in the long run, may affect
LE in general [44]. This study also showed that
economic growth does not always correlate
positively with LE, as some other studies showed
the same [45, 46]. In South Africa, LE had a
downturn from 1980 to 2012 despite the increase
of GDP by sevenfold [45]. As in high-income
countries, the relationship can go into an inverse or
negative direction as the economic inequalities also
get wider and wealthy people also have a tendency
to follow an unhealthy habit such as smoking and a
poor diet [45-48]. As for the HSR factor, the result
of this study goes in line with the other studies from
other regions as the most important factor that
increases LE over the past decades is the progress
of health care among different health care
systems [12-14, 18, 19].

ME and SD status are a complex concept that may
affect health directly or indirecly through
associated functions as one aspect include income,
educations, wealth, whereas the other also include
status, as the position or hierarchy within the
particular social class [44]. In general, the ME
factors have a powerful impact on LE as rising
inflation decreases purchasing power of the
households, as for every one percent increase in

inflation in Oman, the LE decreases by
approximately 0.005 percent [17]. In comparison to
Italia, there was a significantly negative association
between income inequalities, as regions with
higher income inequality within the population had
a significantly lower LE than regions where the
populations have comparatively lowed income
inequality [49]. This particular inequality might be
the case of negative ME impact on LE in the
population of Oman, as this study is an ecological
design with population aggregate while higher
income is commonly associated with greater
longevity or LE throughout the income
distribution [49, 50].

The study findings may be used by the Ministry of
Health and the policymakers for Oman's benefit,
especially to help achieve the Health Vision 2050 of
Oman as LE belongs to one of the important
indicators of overall healthcare performance. The
result showed that HSR was the only significant and
positive effect in LE. Hence, the support from the
government for healthcare intervention will always
be needed despite the negative SD and ME effect.
Moreover, from a policy perspective, such an
understanding can help improve the efficiency of
health system financing through an improved
dynamic allocation of medical resources across age
groups, mitigating purely demographic pressures.

As the study used an ecological design, confounding
may occur in the population level, because the data
does not address the sub-group that may differ in
the average aggregate level [51]. The study might
also have limited observable variables to be used in
the SEM since there were a lot of missing data and
lack of information from different periods. This
might affect the RMSEA value of the final chosen
model (model 3), with a high value (=0.2) indicating
a poor-fit. However, this result was perhaps
obtained due to a small sample (df) that RMSEA
may indicate a poor fitting model in most of the
cases of small sample size [52]. Similar studies in
the ASEAN region may provide more indicators or
items and better model fit indices because of the
abundance of data provided, albeit the sample size
was smaller than this study in Oman [12-14]. In the
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future, a further study in Oman may be needed to
accomplish a perfect model with more data
collected over time. The ASEAN studies also
provided indirect effects, mainly through the health
and demographic determinants, while there were
no indirect effects detected in the final model of
this study [12-14].

Conclusion

The study conducted in Oman provides a model to
explain the relationship between SD, ME, and HSR
with LE from 1978 to 2018. The result showed
significant direct effects of all the main
determinants. In Oman’s case, the study implied
that healthcare resources are important factors
that need to be addressed to increase or maintain
the current LE. Thus, during social hardship or
economic recession, health-related support by the
government should be continued or even improved
because of its positive effect on LE. The model
showed that SD, ME, and HSR have significant
correlations among themselves, which proves that
each factor should be put into account in the
decision-making or intervention. Hence, health
literacy and a socio-cultural approach may be
needed to educate a better lifestyle, as obesity and
other non-infectious diseases are prevalent in
Oman. Some of the health status had a significant
impact on the model, such as obesities, and mental
and substance use disorder. The model also
showed that each disease and health status also
correlate with many other indicators, such as male
obesity and primary school enrollment. This may
imply that controlling lifestyle-related disease
burden in Oman may improve the entire model.
Thus, the promotive and preventive effort to
combat obesity campaigned by the health workers
and the primary health care in the society may be
needed even more. It is also important to explore
mental health literacy within the society to give a
better insight into the promotive and preventive
campaign to solve mental health disorders and
substance abuses. In the form of CO2, pollution also
made a significant contribution to HSR, and this
finding can be referred to the industrial investment

that adheres to the environmental standard. The
study may also open up possible future research for
more comprehensive research for other countries
with  similar demographics and economic
characteristics. With SEM, it is possible to
determine whether the same theoretical
framework or model works equally well for
explaining LE data in other countries with similar
demographics characteristics, such as the countries
in the Middle East and North Africa.

What is known about this topic

o [ife expectancy is affected by
sociodemographic, macroeconomic, and
health-related factors worldwide;

e Sociodemographic, macroeconomic, and
health-related factors may correlate with
each other;

e The determinants of life expectancy may
perform differently between low-income
and high-income countries.

What this study adds

e Oman’s sociodemographic and
macroeconomic determinants have a
negative effect on life expectancy;

e During the economic recession and social
calamity, health-related service and support
should be continued or even improved
despite the hardship because the health
status and resources of Oman is the only
main determinant that performs a positive
effect on life expectancy;

e By using a similar approach, it is possible to
determine whether the same theoretical
model works equally well for explaining LE
data in other countries with similar
demographics characteristics, such as the
countries in the Middle East and North
Africa.
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Table 1: the correlation matrix of variables of sociodemographic, macroeconomic, and health status and
resources effect on life expectancy in Oman (1978-2018)

LE PSE SSE IMR | FR AMR | GDPp | DR cl CO2 | MSU | O(f) | O(m
(f) c E )
LE 1
PSE 99*% |1
%
SSE 99* | .98* |1
* *
IMR 99* | - - 1
* 98* | .99*
* *
FR - - - 98* |1
97* | .93* | .98* | *
* * *
AMR(f | - -39*% | - A47% | .60* |1
) A48* 54* | * *
* *
GDPpc | .81* | .79* | .81* |- - - 1
* * * 78* | .79*% | .69*
* * *
DR - - - 92% | .94* | .73* | -91*%* |1
93* | .90* | .95*% |* * *
* * *
Cl 7% | .73% | .78* |- - - 93%* | - 1
* * * 72* | .73*% | .73* 90*
* * * *
CO2E | .80* |.75* |.81* |- - - .88** | - 82*% |1
* * * *
MSU S51* | .48% | 52*% |- - - B63** | - .63* | .60* |1
* * * *
Of(f) .78% | .81* |.78* |- - - JJO** | - .65% | .54* | 45* |1
* * * *
O(m) 96* | .92* | 96* |- - - 86%* | - .87* | .89* | .57* |.69* |1
* * * *

LE: Life expectancy at birth. PSE: Primary school enroliment. SSE: Secondary school enrollment. IMR: Infant
mortality rate. FR: Fertility rate. AMR(f): Adult mortality rate (female). GDPpc: GDP per capita. DR:
Dependency ratio. Cl: Capital investment. CO2 E: CO2 emission. MSU: Mental and substance use disorders.
O(f): Prevalence of obesity (female). O(m): Prevalence of obesity (male). *. Correlation is significant at the
0.05 level; **. Correlation is significant at the 0.01 level
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Table 2: comparison of goodness-of-fit indices on models for life expectancy in Oman (1978-2018)

Conceptual Model Model 1 Model 2 Model 3 Cut-off value

Absolute Measures df=60 df=46 df=43 df=41

x2/df 7.5 5.9 4.3 3.3 <4.0

TLI 0.6 0.7 0.8 0.9 >0.9

SRMR 0.08 0.06 0.07 0.06 <0.08

RMSEA 0.4 0.4 0.3 0.2 <0.05

AIC 514.9 362.1 280.4 234.4 the smaller the
better

BCC 548.3 410.6 332.1 288.2 the smaller the
better

CAIC 599.0 484.2 410.7 370.1 the smaller the
better

ECVI 12.9 9.1 7.0 5.9 the smaller the
better

Incremental Fit Index

IFI 0.7 0.9 0.9 0.9 >0.9

NFI 0.7 0.8 0.9 0.9 >0.9

CFI 0.7 0.8 0.9 0.9 >0.9

TLI: Tucker-Lewis Index. SRMR: Standardized Root Mean Square Residual. RMSEA: Root mean square error
of approximation. AIC: Akaike’s Information Criterion. BCC: Browne-Cudeck Criterion . CAIC: Consistent
version of the AIC. ECVI: Expected Cross-Validation Index. IFl: Incremental Fit Index. NFI: Normed Fit Index .

CFl: Comparative Fit Index.
SOCIODEMOGRAPHIC

LIFE EXPECTANCY

MACROECONOMIC
HEALTH STATUS
AND RESOURCES

Figure 1: the conceptual model of sociodemographic, macroeconomic,
and health status and resources effect on life expectancy in Oman
(1978-2018)
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Figure 2: the final model of sociodemographic, macroeconomic, and health status and
resources effect on life expectancy in Oman (1978-2018)
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