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Abstract

Background: Infant mortality rate is an important index of community health status and mortality rate. It is also
one of the most prominent indexes showing the development of various societies. Regarding the importance of
infant mortality rate (IMR), the purpose of current study was to compare and trend analysis of IMR in different areas
of the WHO during 1990-2017. In current ecological study, IMR per 1000 live births in different WHO regions from
1990 to 2017 data were derived from the WHO website. The required information included the data about IMR per
1000 live births in different WHO regions from 1990 to 2017. The analysis was performed by using descriptive and
analytical methods.

Results: The IMR during the study period had a significant decreasing trend in all the regions (p < 0.001) but the

and from 24.9 in 1990 to 7.7 in 2017), respectively.

individuals based studies.

slope of decrease was greater in Africa than in other regions. The African and European regions had the highest
(55.7%) and lowest (17.2%) annual decrease in the infant mortality rate (from 106.3 cases in 1990 to 50.6 in 2017,

Conclusion: Our results showed that the trend of IMR had a decreasing trend in all WHO regions. It can be due to
improving the public health situation in different areas. But the identification of effective factors on IMR needs
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Background

Awareness about the mortality in population and its
common causes have an effective role in health planning
and education [1]. Maintaining and promoting the
health of infants younger than 1 year of age as a vulner-
able group in health services is of special importance [2].
Infant mortality rate (IMR) is an important index of
community health status and mortality rate and is also
one of the most prominent indexes showing the devel-
opment of various societies [3]. It is an accepted global
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index of health and socioeconomic status of a certain
population [3]. This statistical indicator not only shows
the quantity and number of deaths but also is expressive
of life quality [3]. While neonatal health is dependent on
health care services, post-neonatal health is more
dependent on environmental factors [4, 5]. Increasing
IMR can be attributed to dissatisfied hygienic require-
ments, undesirable environmental factors, economic
conditions, environmental health, and health care [6].
The results of studies have shown that the highest rate
of infant mortality occurred during the neonatal period,
especially during the first week [3]. The most important
causes of neonatal mortality are low birth weight and
prematurity, and the major causes of death during the
post-neonatal period are diarrhea and respiratory infec-
tions as well [3, 6-11]. According to recent estimates,
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about 120-156 million cases of acute respiratory infec-
tions, especially pneumonia and bronchitis, occur every
year with approximately 1.4 million deaths. More than
95% of these deaths occur in low- and middle-income
countries [12]. Other factors such as socioeconomic
class, malnutrition, mother's age, breastfeeding, the
interval from the previous delivery, delivery place, and
type of delivery can also contribute to infant mortality
[3, 13]. Given that the mortality rate of the infants under
lyear is one of the important health indicators and
different countries have been working hard to improve
the quality of life and reduce infant mortality in recent
decades, this study aimed to compare and trend analysis
of infant mortality rate (mortality before the age of 1
year) in different areas of the World Health Organization
during 1990-2017.

Methods

In the present ecological study, the needed information
was obtained from the WHO website with the following
address:  http://apps.who.int/gho/data/view.main.CM13
00R?lang=en. The information included the data about
the infant or under-1-year-old children’s mortality rates
per 1000 live births in different WHO regions in differ-
ent years from 1990 to 2017. The WHO has six regions
including Africa, the Americas, Southeast Asia, Europe,
Eastern Mediterranean, and Western Pacific. We ex-
tracted and analyzed the information of all the regions.
The descriptive statistical methods such as mean and
standard deviation as well as the analytical statistics like
one-way ANOVA and post hoc Scheffé tests were used
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for comparing the mean infant mortality rates in differ-
ent regions. Also, the Pearson correlation coefficient to
assess the changing trend of infant mortality rate over
time was used. All the analyses were performed using
Excel 2010 and SPSS 22 with regard to the significance
level of a: 0.05.

Results

The infant mortality rate during the study period had a
decreasing trend in all the regions but the slope of de-
crease was greater in Africa than in other regions. After
Africa, the slope of decrease was greater in Southeast
Asia and the Eastern Mediterranean. The beginning
severe change in the Africa region was regarding 2000 to
2010, before and after this period slope was slow. In
Southeast Asia in all the periods of the study, sharp
slope was but humdrum and changes the process was
similar in the other regions (Fig. 1). The decreasing
trend over time in all the regions was statistically signifi-
cant (p < 0.001) (Table 1). Over the years of study, the
African and European regions had the highest (55.7%)
and lowest (17.2%) annual decrease in the infant mortal-
ity rate (from 106.3 cases in 1990 to 50.6 in 2017, and
from 24.9 in 1990 to 7.7 in 2017), respectively (Fig. 2).
Also, as shown in Table 2, the highest and lowest rates
of IMR during the mentioned period were observed in
Africa (80.87 per 1000) and Europe (15.63 per 1000),
respectively. There was also a statistically significant dif-
ference between different regions in terms of the total
IMR mean in the study period (p < 0.001). But the ob-
served difference between the IMR means of America
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Fig. 1 The trend of infant mortality rate in different WHO regions during 1990-2017
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Table 1 The trend analysis of infant mortality rate in different WHO regions during 1990-2017

Time—IMR Africa Americas Southeast Asia Europe Eastern Mediterranean Western Pacific
Time Pearson correlation (1) —.99° - 97° — 997 —.99° — 997 — 997

P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

N 28 28 28 28 28 28

2Correlation is significant at the 0.01 level (2-tailed)

and Europe and that of the Western Pacific was not sig-
nificant (p > 0.05) (Table 3). Considering the year 1990
as the base year, the highest and lowest marginal effect-
iveness of all the measures taken to reduce mortality in
2012 were found in Southeast Asia (a reduction of 2.3
deaths per 100,000 live births compared to the previous
year) and Europe (a reduction of 0.5 deaths per 100,000
live births compared to the previous year), respectively,
and the trend continued until 1999. During 1991-1999,
the marginal effectiveness of the measures taken to
reduce mortality in Africa, Europe, and the Western
Pacific had almost a rising trend, but this increase was
greater in the Western Pacific and especially in Africa,
so that after 1999 the marginal effectiveness of the mea-
sures taken in Africa was more than the other regions,
and the infant mortality rate declined with a falling trend
until 2003. Since 2005, there has been a declining trend
in almost all countries (Fig. 2). The mean of vaccination
coverage of diphtheria tetanus toxoid and pertussis
(DTP3), measles, 2nd dose (MCV2), polio (Pol3),
pneumococcal conjugate (PCV3), and hepatitis B (HepB3)

during the last decades in who region was showed in
Table 4. It seems the mean of vaccination coverage for the
mentioned vaccine for the Americas, Europe, and West
Pacific is better than other regions.

Discussion

During the study years, the infant mortality rate declined
in all regions of the World Health Organization; one of
the main reasons for this decrease could be the perinatal
mortality rate. According to the results of Ebrahimvan-
di’s study [14], reduced PMR by 0.9 deaths per 1000
people could reduce IMR by 56% in some regions, and
PMR reduction was itself affected by increased prenatal
care. The trend of IMR is declining in all areas, but there
is a long way to go, as in some countries preventable
deaths account for more than three quarters of infant
deaths, with more than half of these deaths being pre-
vented by caring for women during pregnancy and
around childbirth [15]. The pattern of infant mortality
has varied with interventions conducted in developed
countries. Developed areas have reduced the impact of
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Fig. 2 The marginal effectiveness of all measures influencing infant mortality rate in the six regions of the World Health Organization from 1990 to 2017
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Table 2 The result of the comparison infant mortality rate in different WHO regions during 1990-2017

WHO region N Mean Std. 95% confidence interval for mean Minimum Maximum P
deviation Lower bound Upper bound

Africa 28 80.87 19.25 7341 88.34 5060 106.30 < 0.001

Americas 28 20.38 6.95 17.68 23.07 12.20 34.30

Southeast Asia 28 54.91 16.86 4837 61.44 29.40 83.60

Europe 28 15.63 5.75 13.40 17.86 7.70 24.90

Eastern Mediterranean 28 55.96 11.41 51.54 60.39 39.00 7540

Western Pacific 28 23.80 9.92 19.96 27.65 1040 39.80

Total 168 4193 26.84 37.84 46.01 7.70 106.30

preventable factors on infant mortality by providing
appropriate health services and essential education. Due
to the increasing number of registered deaths and im-
proved diagnoses of abnormalities that lead to termination
of pregnancy, live births will occur in newborns who are
severely underweight, which accounts for most of the
deaths of an infant less than 1 year. For this reason, the
main cause of death in these regions is congenital defects
and chromosomal abnormalities [16]. IMR in different
areas may have completely different causes, depending on
the number of deaths under 1 year of age, specific inter-
ventions are needed to control them, in areas where
deaths occur within 0 to 27 days causes are mostly related
to pregnancy, childbirth care, and genetic abnormalities,
whereas deaths over 28 days are mainly related to environ-
mental factors and maternal literacy level [16]. In general,
premature births, which are affected by congenital malfor-
mations and chromosomal abnormalities, are among the

main causes of IMR in underdeveloped and developing
areas [17-19]. Of course, sudden death syndrome and
unintentional injuries in low economic and cultural status
societies have a large impact on this rate [18]. Social
factors, such as racial inequalities in employment, and
educational services [20], childhood marriage, sexual in-
justice, cultural mutation, and religion cause psychological
problems, are directly related to IMR. Therefore, screen-
ing, diagnosis, and home-based services can sometimes be
the primary strategy to reduce IMR in each region [21]. In
other studies, marriage status, gender, birth weight, and
multiple births have been identified as predictors of IMR.
Also, infants born from unmarried women, double or
multiple births, and boys with a birth weight of fewer than
2500 g, had a higher mortality rate [17, 22]. The factors
listed above may overlap with each other.

The reason for this decrease in mortality can be attrib-
uted to the greater sensitivity of health care providers as

Table 3 The result of Scheffé post hoc test in comparison to the infant mortality rate in different WHO regions during 1990-2017

(/) WHO region (J) WHO region Mean Std. P 95% confidence interval
zilif_fe-’;ence error Lower bound Upper bound
Africa Americas 6049° 338 <0.001 49.07 7191
Southeast Asia 25.96° 338 <0.001 14.54 37.38
Europe 65.24° 338 < 0.001 53.82 76.66
Eastern Mediterranean 24.91° 338 <0.001 1349 3633
Western Pacific 57.07° 338 <0.001 45.65 6849
Americas Southeast Asia —3452° 338 < 0.001 — 4594 —-23.10
Europe 4.74 3.38 <0.001 - 6.67 16.16
Eastern Mediterranean —3558° 338 <0.001 —47.00 —24.16
Western Pacific —342 338 960 —14.84 7.99
Southeast Asia Europe 39.27° 338 <0.001 27.85 50.69
Eastern Mediterranean -1.05 338 1.000 -1247 1036
Western Pacific 31.10° 338 <0.001 19.68 4252
Europe Eastern Mediterranean —4033° 338 <0.001 -51.75 —28091
Western Pacific -817 338 330 -19.59 3.24
Eastern Mediterranean Western Pacific 32.16° 338 <0.001 20.74 43.58

“The mean difference is significant at the 0.05 level
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Table 4 The percentage of vaccination coverage in different
WHO region during the last decade

WHO regions Vaccine type Mean of Immunization
coverage (%)
Africa DTP3 52.82
MCV2 8.95
POLIO3 5397
PCV3 4411
HepB3 4552
Americas DTP3 82.28
MCV2 68.79
POLIO3 83.67
pPCV3 68.36
HepB3 69.46
Eastern Mediterranean DTP3 64.90
MCV2 5042
POLIO3 65.82
pPCv3 31.70
HepB3 5197
Europe DTP3 87.38
MCV2 7821
POLIO3 8944
PCV3 46.00
HepB3 5532
Southeast Asia DTP3 60.54
MCV2 30.95
POLIO3 59.67
PCV3 10.50
HepB3 37.26
Western Pacific DTP3 81.23
MCV2 63.26
POLIO3 84.08
PCV3 7.18
HepB3 53.73

the only intervention [23] Another study specifically
examining the impact of these cares shows that women
who received care from their first month of pregnancy
only had one in fifteen infant mortalities in comparison
to women who received no care during their pregnancy.
Receiving care is affected by women’s awareness and
age; the lower the age of the pregnant woman, the less
likely she is to seek and receive pregnancy care. Therefore,
the youngest women are the highest risk group [17, 22].
Environmental factors such as smoking are effective
factors on the incidence of diseases, so infant mortality
is higher among smoker mothers. Maternal smoking
increases the risk of respiratory infections and impedes
the immune response of the infant [17]. Besides, smoking
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cessation by pregnant women, vaccination, reduced
preterm deliveries, increased age of childbirth, economic
growth in countries, and an increase in the health sector’s
share of the countries’ income were known as other IMR
reduction factors [14, 24, 25]. In a similar study conducted
in European countries, a slower downward trend is occur-
ring than in the past, but there are fluctuations in the dif-
ferent countries that may be influenced by birth cohort
effect or period effect [17].

Successful countries in rapid control of the IMR have
cited rapid economic progress as a reason for their
success. In addition to reducing IMR, interventions in
different areas change the pattern of mortality, which
requires continuous monitoring and modifications of
interventions to the desired level. Different effective
factors can affect the IMR; these factors include the de-
velopment of public health programs such as vaccination
programs, Human Development Index (HDI), level of
women empowerment, income inequality, GDP per
capita, social inequalities, socioeconomic status, social
economic and environmental hygiene. So a decreased
trend of IMR in different areas may be because of im-
provement of the mentioned index such as development
of vaccination programs, improvement of the nutritional
status, increase in women educational level and women
empowerment, and improvement of the human develop-
ment index and GDP per capita [26, 27].

Despite the reduction in IMR in all regions, the IMR
reduction rates varied significantly in different regions of
the World Health Organization. Reducing mortality
from infectious diseases is easier and faster than redu-
cing the deaths due to congenital disorders, childhood
cancers, and complications of preterm childbirth. So a
higher percentage of deaths in Africa and Southeast Asia
had occurred due to infectious diseases compared to
regions such as Europe [28-30].

Also, the mentioned variation in IMR may be due to dif-
ferences in some indicators such as vaccination coverage,
HD], level of women empowerment, income inequality,
GDP per capita, social inequalities, socioeconomic status,
and environmental hygiene. There is an inverse associ-
ation between IMR and HDI; in other words, a region
with a higher HDI index has a lower IMR. A similar asso-
ciation exists between IMR and the level of women em-
powerment, income inequality, and GDP per capita; social
inequalities are other effective factors. Lower income and
social inequality can decrease the level of IMR. So the
lower amount of IMR in the Americas and Europe region
can be because of a better HDI index, an increase in the
number of educated women, lower income, and social in-
equality in mentioned areas [27].

In considering other effective factors on the difference
of IMR between different WHO areas, ethnical factors
can be regarded. Evaluation of the effect of maternal age
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on IMR showed that children born of mothers under 20
years had the highest and children born of mothers
between 30 and 34 years had the lowest IMR [16]. In re-
gions such as Europe where effective measures to reduce
IMR had been started earlier, the marginal effectiveness
of many effective measures to reduce IMR in those re-
gions had declined in 1990 (the first year of the study).
Hence, IMR would decrease in those regions with a de-
creasing rate. (Any action taken in different parts of the
world to reduce IMR might have an increasing marginal
effectiveness trend in the first stage so that in the first
years, the number of reduced deaths as a result of that
action in a specific population would increase each year
compared to the previous one. After several years, the
marginal effectiveness of the carried out action would
reach the highest and then become decreasing.) But in
regions such as Africa where the IMR-mitigating mea-
sures had started at a later stage, there was an increased
efficiency of the actions at the beginning of the study. In
other words, the IMR rate was increasingly reduced dur-
ing 1990-2003, and the number of deaths in each year
was lower than in the previous one. Since 2005, the mar-
ginal effectiveness of the measures taken in Africa has
been declining, too, but the IMR is still numerically
higher than in other regions.

Studies have shown that infant deaths in rural areas
are significantly higher than in urban areas. And with
the same interventions, the intensity reduction of deaths
in rural areas is higher than in urban areas. Mortality
due to congenital malformations in rural areas 20%
higher than in urban areas [31, 32]. The quality of care
provided is directly related to the development of the
area, and this is due to the difference in infant mortality
rates in villages relative to developed cities or countries
compared to developing or less developed ones. The
most direct cause of this discrepancy can be found in
perinatal care (respiratory system diseases are the most
important) followed by timely diagnosed malformations
[31]. Given the decline in the IMR reduction rate in all
the regions, maintaining this reduction in future years
requires more investment in this area, so that, in
addition to carrying out the current measures, countries
must invest in programs such as improving maternal
health behaviors (smoking, using alcohol and drugs dur-
ing pregnancy) to control chronic diseases in mothers
and increasing maternal education. It is the economic
and social development of countries that can be a pre-
condition for taking such measures [12, 33, 34].

Conclusion

The trend of IMR in different regions of WHO had a
decreasing trend during the last decades but the amount
of decrease is not the same in different areas. This is an
ecological study so it is recommended to assess the
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effective factors on IMR among different regions by the
individual-based studies. The comparison we made in
this study with regard to the variance that exists at dif-
ferent regional levels can help in further investigations
to discover and apply effective interventions that are
successful at the regional level. Multilevel interventions
may improve the health status of women, children, and
their communities [35].
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