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Abstract

Background: Youth is undeniably the most important resource of any country. This study aimed to determine
the trend of mortality rate and the cause of death, based on the ICD-10, among young people in Iran and ex-
amines significance of the changes in any cause during the last three decades.

Methods: The present study is a secondary analysis of data, which examines the trend of death rate and its
causes among young adult, aged 15-24 yr, longitudinally during 1990-2019. The data source was the GBD web-
site. Linear Regression analysis was used to measure the slope of changes in mortality rates and causes of death
during the petiod, where "time" was the independent variable and "mortality rate" and "causes of mortality"
were dependent variables.

Results: The death rate of young people declined by 56% during the period, equal to an average of 2.17 units
per year. The most common cause of death has been injuries (69%), then NCDs (25%), and finally communi-
cable diseases (6%). However, death due to injuries (except SUD), communicable diseases (except HIV), and
NCDs (except musculoskeletal disorders) declined significantly by 1.43, 0.3, and 0.09 units per year, over 30 yr
respectively.

Conclusion: Examining past trends in death rates and causes strengthens insights into the state and future
trends in health and death-related indicators, which are crucial for policy-making, especially in developing coun-
tries with limited resources.
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Introduction

Youth is undeniably the most important work-
force and human resource of any country, to
boost its socioeconomic development (1). Mor-
tality rate among young people and identifying
the leading causes of death in this age group is
one of the fundamental priorities of any commu-
nity and a part of the Millennium Development
Goals (MDGs) (2). To report the cause of death,

the framework of the International Classification
of Diseases-10" Revision (ICD-10), developed by
the World Health Organization (WHO), was
used in this study. Based on the ICD-10, the
causes of death have been categorised to three
main  groups including  Injuries, Non-
communicable diseases (NCDs), and Communi-
cable diseases. Among young people aged 15-29,
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based on Blum and Nelson-Nmari, there are five
leading causes of death globally, including unin-
tentional injuries, HIV/AIDS, other communi-
cable diseases, violence, and suicide, with sub-
stantial regional variation in the number of deaths
due to each cause (3).

The Islamic Republic of Iran, with 83 million in-
habitants (4) is currently relatively a young coun-
try with a share of 14% of its population in the
age group of 15-24 yr old (5). In the best of our
knowledge, no study yet has conducted in Iran
with regard to the trend of leading causes of
death among young people longitudinally. There
are only evidences from cross-sectional studies or
unpublished governmental reports showing that
the Cardiovascular Diseases (CVDs), cancers,
and motor vehicle accidents are the major causes
of death in the Iranian youth, with maximum
years of life lost due to motor vehicle accidents,
the CVDs and cancers, respectively (6). Moreo-
ver, 57% of all Years of Life Lost (YLL) is in the
age group of 15 to 29 years old (7). The YLL due
to Road Transport Injuries (RTI) in Iran is higher
than the world and the Eastern Mediterranean
Region (8).

The aim of this study was to conduct a trend
analysis to pinpoint of movements and fluctua-
tions in mortality rates, in addition to the leading
causes of mortality among young people aged 15-
24 yr in the last three decades. Analysis of data
longitudinally using continuous or repeated
measures, extend beyond a single point in time
such as cross-sectional data, would help to follow
specific events over long periods of time, often
years or decades, which is useful for assessing the
relationship between dependent and independent
factors. In addition to be useful for detecting a
sequence of events during times, trend analysis
also allows to predict possible movements and
changes of events in future (9). For planning for
preventions, it is helpful to understand the trend
of rate and main causes of death during the last
decades, allowing for better prediction of future
movements in the causes of mortalities in young
adults.
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Materials and Methods

This secondary analysis of data examines longitu-
dinally the trends of mortality of young adult in
Iran and their causes of death during the years
1990-2019, based on the availability of data in
this period. The age group considered in this
study is based on the definition of the WHO of
young adult, which includes the age range of 15-
24 yr old (10). The data for this study collected
from the Global Burden of Disease (GBD) web-
site, belonging to the Institute for Health Metrics
and Evaluation IHME), which is publicly availa-
ble (11). Report of the causes of youth mortality
in the GBD website is also available in the ICD-
10 format, which divides the causes into 3 main
categories including communicable, maternal,
neonatal, and nutritional causes; NCDs; and inju-
ries, as well as 21 sub-categories.

However, in the GBD website, the death rate and
its causes are available in 5-year age intervals, so
that these data for the age groups of 15-19 yr and
20-24 yr are reported separately. Therefore, cal-
culations were conducted to provide the mortali-
ty rate in a ten-year age range (15-24 yr).
Calculations of descriptive statistics and prepara-
tion of the Figures were performed using Excel
software. In addition to descriptive analyses to
show the trend of mortality rate and its causes
over time in Iran, to examine whether the ob-
served changes of deaths by cause have been sta-
tistically significant, Linear Regression analysis
was used. In fact, this analysis was used to meas-
ure the slope of changes in mortality rates and
causes of mortality in Iran, where "time" was the
independent variable and "mortality rate" and
"causes of mortality" were dependent variables.
This similar analysis was performed in other stud-
ies(12-14). All Regression analyses were per-
formed in Stata software, version 14. Significance
level was considered as less than 0.05.

Results
The death rate of young people aged 15-24 in
Iran during the 30-year period declined by 56%
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and reached from 195 deaths per 100,000 popula-
tion in 1990 to 85 deaths in 2019. The results
showed a decline in mortality rates in the first
year of the period (1990 to 1991) with a steep
slope and then slightly downward slope until
2002, but increased sharply in 2003 from 155
deaths per 100,000 to 85 deaths per 100,000 and

finally a downward trend until 2019 (Fig. 1). Re-
gression analysis showed the mortality rate of
young people decreased significantly by an aver-
age of 2.17 units per year during the period,
which was a faster decline rate among men than
women (Coef. -2.9 vs. -1.44) (Table 1).

Table 1: Regression coefficient of changes in the trend of youth mortality rate aged 15-24 in Iran during the years

1990-2019
Mortality Rate Coef. 9% CI P
1990 2019
Both sex 195.3 85.8 -2.17 -2.7,-1.65 <0.001
Male 272.3 122.7 2.9 -3.62,-2.18 <0.001
Female 115.6 47.3 -1.44 -1.74 ,-1.14 <0.001

However, as also shown in Fig. 1, although the
mortality rate of men was higher than women
was throughout the period, the gap between men
and women were gradually narrowing, so that the
difference reached from 157 deaths per 100,000
in 1990 to 75 deaths per 100,000 in 2019. Among

rate per 100000

both men and women, the death rate in the age
range of 20-24 yr was higher than the age range
of 15-19 yr old. Moreover, in women aged 15-24,
the mortality rate had an upward trend from 2009
to 2011, which was higher in the age group of 20-
24 yr old.

w— lnjures male

— Injuries both

w— lnjures female
Non-communicable male
Non-communicable both
Non-¢ able female
e Comzmrs cable® female
w— C oruzauzs cable® both
s Comzmurs cable® male

*Communicable, maternal, neonatal, and nutritional diseases

Fig. 1: Youth mortality rate based on gender and age in Iran
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The trend of causes of death by the three main
categories, by gender over a period of 30 yr are
shown in Fig. 2. Of the three main categories, the

most common cause of death among young peo-
ple has been injuries (69%), and then NCDs
(25%) and finally communicable diseases (6%).

female 15-19 years

males 15-19 years

both sex 15-19 years

female 20-24 years

males 20-24 years
s both sex 20-24 years

s female 15-24 years

males 15-24 years

s both sex 15-24 years

Fig. 2: The trend of the three main causes of death among youth adults in Iran by gender in 1990-2019

The mortality rate due to injuries has fallen from
98 in 1990 to 58 in 2019, picked up to 121 deaths
in 2003 and then declined again. The mortality
rate due to injuries was higher in young men than
women was, although its downward slope was
higher in women; during this period, death due to
injuries decreased by 48% in women and 41% in
men. With regard to the second cause, the
NCDs, first it had a downward direction with a
gentle slope for ten yr (from 1990 to 1999), then
had an upward trend until 2013, and reached its
highest rate at about 28 deaths per 100,000 in
2013. Then it had a downward trend again in
2019, reaching its lowest level at about 25 deaths
per 100,000. Deaths by NCDs were also higher in
men than women were. Death due to the com-
municable diseases also had a slightly declining
trend; it decreased from about 14 deaths per
100,000 young people in 1990 to 4 deaths per
100,000 in 2019 (Fig. 2).
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Morteover, the trend of 21 sub-causes of mortali-
ty, which are, in fact, subsets of the aforemen-
tioned three main causes, was also presented in
Fig. 3. We combined the 13 less prevalent causes
together in one group, to make the figure clearer.
Additionally, Table 2 was created to show the
result of regression analysis of the significance of
the changes of the three main causes and the 21
sub-causes of mortality throughout the time peri-
od. Based on Table 2, the mortality rate of young
people due to injuries significantly decreased, on
average by 1.43 units per year during the period
(P<0.001). Moreover, death due to the com-
municable diseases, had a declining trend by 0.3
units per year, over 30 yr (P<0.001). In addition,
the average mortality rate due to the NCDs had a
statistically significant decrease by 0.09 units per
year during the period.
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We grouped together 13 less prevalent causes of deaths as below and named all as OTHER:

Chroaic respiratory diseases, Diabetes and kidaey diseases, Digestive diseases, Entenic iafections, HIV/AIDS and sexuvally transmitted sfections,
Maternal and neonatal disorders, Mental discrders, Musculoskeletal disorders, Neglected tropscal diseases and malania, Neurological disorders,
Nutritional deficiencies, Other mfectious diseases, Skin and subcutanecus diseases, ** Abbreviations: CVDs (Cardsovascular diseases), SH and
IPV (Self-harm and mterpersonal violence), SUD (Substance use disorders), RI and TB (Resparatory infections and tuberculosis)

Fig. 3: The trend of 21 causes of death in people aged 15-24 in Iran in 1990-2019

Table 2: Regression coefficient of changes in the trend of three main causes and 21 sub-causes of death based on
the ICD-10 among people aged 15-24 in Iran during the years 1990-2019

Main causes Sub-causes Coef. 95% CI P
Communicable, Ma- 1-004- Enteric infections -0.36 -0.037, -0.035 <0.001
ternal, Neonatal, and 1-020- HIV/AIDS and Sexually Transmitted 0.012 0.01,0.013 <0.001
Nutritional Disease Infections (STIs)
1-005- Respiratory Infections and Tubercu- -0.032 -0.036, -0.023 <0.001
losis (RI and TB)
1-087- Maternal and neonatal disorders -0.044 -0.047, -0.040 <0.001
1-021- Neglected Tropical Diseases (N'TDs) -0.16 -0.21,-0.11 <0.001
and malaria
1-051- Nutritional deficiencies -0.004 -0.005, -0.004 <0.001
1-025- Other infectious diseases -0.030 -0.034, -0.026 <0.001
Total -0.3 -0.357, -0.242 <0.001
Non-Communicable 1-069- Cardiovascular Diseases (CVDs) -0.077 -0.084, -0.07 <0.001
Disease (NCDs) 1-054- Diabetes and kidney diseases -0.001 -0.003, 0.001 0.14
1-078- Digestive diseases -0.017 -0.021, 0.013 <0.001
1-055- Mental disorders 0.001 0.00, 0.001 <0.001
1-083- Musculoskeletal Disorders (MSDs) 0.008 0.008, 0.009 <0.001
1-026- Neoplasms -0.003 -0.013, 0.007 0.5
1-058- Neurological disorders -0.011 -0.013, 0.010 <0.001
1-077- Chronic Respiratory Diseases (CRDs) -0.009 -0.012, 0.007 <0.001
1-082- Skin and subcutaneous diseases 0.001 0.00, 0.00 <0.001
1-094- Other NCDs -0.027 -0.033, -0.022 <0.001
Total -0.091 -1.3,-0.052 <0.001
Injuries 1-101- Self-Harm and Inter-Personal Vio- -0.23 -0.27,-0.18 <0.001
lence (SH and IPV)
1-056- Substance Use Disorders (SUD) 0.04 0.02, 0.07 <0.001
1-096- Road Transport Injuries (RTT) -0.76 -0.85, -0.67 <0.001
1-103- Unintentional injuties -0.44 -0.74,-0.14 0.005
Total -1.43 -2.28,-1.27 <0.001
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Based on Fig. 3, death due to the RTI, under the
“injuries” category, was the most common cause
of death of young people. This cause, which led
to about 52 deaths per 100,000 people in 1990 to
31 deaths per 100,000 in 2019. Death in this cat-
egory has decreased, on average, by 0.76 units per
year during the period, which was statistically a
significant change (Table 2). “Unintentional inju-
ries” and “self-harm and interpersonal violence”
(SH and IPV) have been the second and third
leading causes of death among young people, re-
spectively. Deaths due to unintentional injuries
were about 23 in 1990, had a downward trend
until 2002, then the trend reversed until 2003 and
reached to 55 deaths, after which it decreased
again and reached its lowest level, at about 12
deaths in 2019. However, the trend, on average
was declining by 0.44 units per year during the
period, similar to the falling trends of mortality
due to SH and IPV with an annual regression
coefficient of 0.23. The mortality rate due to the
SH and IPV overlapped from 2008 to 2010 and
affected youth mortality to the same extent. An-
other cause of injuries is associated with “sub-
stance use disorders”, which, had an upward
trend of about 2 deaths since 1990, reached to 4
deaths in 2009 and then had a downward trend
until 2019 and reached to about 3 deaths (Fig. 3).
Analysis revealed that “substance use disorders”,
in contrast with other subsets of the Injury cate-
gory, had a significant rising trend over time with
a regression coefficient of 0.04 (P<0.001).

In the category of NCDs, ‘CVDs’ and ‘neoplasm’
have been main causes of death (Fig. 3). Youth
mortality rate due to the CVDs was slightly high-
er than neoplasm from 1990 to 2012. After that,
both causes had an equal impact on youth mor-
tality from 2013 to 2019, which reached about 7
deaths in 2019. Regression analysis showed that
CVDs had a significant downward trend of 0.077
units per year. Death from neoplasm had a
downward trend with an annual regression coef-
ficient of 0.003. Of other causes of death under
the NCDs category, according to Table 2, “Men-
tal disorders”, “Musculoskeletal disorders” and
“Skin and subcutaneous diseases” all had a statis-

Available at:  http://ijph.tums.ac.ir

tically significant rising trend during the last three
decades.

Under the category of communicable diseases,
according to Fig. 3, the mortality rate due to
“respiratory infections and tuberculosis”, was
about 3 deaths in 1990, having a downward trend
with a gentle slope, finally, decreased to about 2
deaths by 2019. On average, deaths due to this
cause decreased by 0.032 units per year during
the period. Overall, of the 7 subcategory causes
of death under the main cause of communicable
diseases, which were responsible for lower mor-
tality rate among young people, compared to the
other main causes, 6 causes showed a significant
falling trend, while the deaths due to
“HIV/AIDS and sexually transmitted infections”
witnessed a significant rising trend (Table 2).

Discussion

This study tried to looks back on the trend of
mortality of young people during the last decades
and how the main causes of deaths, which classi-
tied based on the ICD-10 framework (13), have
been changed during the same period. Examining
past trends in death rates and causes strengthens
insights into the state and future trends in health
and death-related indicators, which are crucial for
policy-making, especially in developing countries
with limited resources.

Although the mortality rate reduced by 56% dur-
ing the period, a surprising upward rate was ob-
served in 2003 (Fig. 1). The cause of this sudden
increase in mortality in 2003 might be attributed
to the massive earthquake of Bam city on Dec
26, 2003, which killed about 25,514 people, in-
cluding many young people (15). According to
the findings, the mortality rate was higher among
young men compared to women. In other stud-
ies, young men of all ages in the world has also
higher death rates than women except in Africa
and Southeast Asia, mostly attributed to materni-
ty- related factors (16). The mortality rate in Ira-
nian men were examined and showed ischemic
heart disease, RTI and ischemic stroke were the
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most common causes of death among Iranian
adult men in 2016 (17).

The most common cause of mortality among
Iranian youth has been “injuries” during the
study period and the “RTIT” was the most preva-
lent sub-cause. Globally, Injuries and specially
RTI, responsible for 4.4 million death of young
people in 2017, are one of the main causes of
death and disability, putting a major strain on
global health (18). According to literature, almost
90% of injuries occur in Low and Middle-Income
Countries (LMICs) (19) and Iran have the highest
rate compared to other LMICs (20). Based on the
literature, in Iran the highest number of deaths
due to RTI is among men and in the age group of
15-24 yr and 34-35 yr (42% of the total mortality)
(21). A high percentage of deaths in this age
group could be due to more involvement in road
transport, greater tendency for high-risk activi-
ties, and less tendency to follow traffic rules(22).
RTT in Iran are estimated to cause a loss of 2271
years of life each year, as well as financial loss of
$ 6 billion (23).

During the last decades, after RTI, “unintentional
injuries” have been the second frequent death
cause and the SH and IPV have been responsible
of most deaths as the third important causes of
death. In Iran, the number of deaths due to at-
tacks with firearms and sharp objects increased
during the study period 1990-2015 (24). The
trend of suicide attempt or SH is increasing in
Iran (25). There is an evidence that the number
of deaths due to IPV in the EMRO compared to
global trend, have had a higher rise in recent
years due to the recent widespread conflicts in
this region (26). Findings of a systematic review
in the EMRO showed that mortality due to "SH
and IPV" increased among those aged 0-19 yr
and tripled during the years 1990 to 2017, alt-
hough death rate due to “RTI” and “other unin-
tentional injuries” have been decreased during
the same period (27). The global pattern of mor-
tality in young people was examined and found
SH and suicide were increased in young men and
women and was the second most common cause
of death in this age (16). The role of parental di-
vorce, hormonal fluctuations that disrupt their
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mental state and access to firearms are SH-related
factors in this population (28). However, regres-
sion analyses indicated that all of the four sub-
causes of “injuries”, had a statistically significant
downward trend, except death due to Substance
Use Disorders (SUD), which had a significant
upward trend during the last decades (Table 2).
Thus, although the other three sub-causes of in-
juries, especially RTI, leads to considerably more
deaths among young people, the SUD, on the
other hand, needs special attention due to its in-
creasing rate. Recent studies in Iran indicates an
increasing rate of tendency to drug abuse such as
Tramadol, Ritalin, Pethidine, and Morphine, es-
pecially among young people (29). SUDs are
concurrence with other problems such as depres-
sion, mood disorders, anxiety disorders, and per-
sonality disorders that make the situation more
difficult to resolve (30). Poverty, family problems,
marital discord, inappropriate patterns of assimi-
lation, unemployment, academic failure and psy-
chological problems and underlying factors for
the tendency towards addiction among young
people (31). Restricting access to drug use, in-
creasing awareness on high-risk age groups are
recommended to combat with drug abuse (32).

The NCDs have been the second main causes of
death of young people during the last three dec-
ades, and of its sub-causes, death due to the
CVDs and neoplasm caused the highest mortality
rate among people aged 15-24 years. Based on
predictions, there is no change in diagnostic
methods and the status of risk factors, the num-
ber of new cases of cancer in Iran will increase to
54% by 2035 (33). Therefore, increasing aware-
ness of risk factors, signs and symptoms of can-
cers should be considered as a priority in cancer
control planning, especially in younger female
population, subject to be in higher risk of breast
cancer (34). The NCDs is actually very important
for considerations. Except death due to the
CVDs, which was the only sub-category of the
NCDs with a significant downward trend, the
other sub-categories including ‘Neoplasm’, ‘Dia-
betes and kidney diseases’, ‘Mental disorders’,
‘Musculoskeletal disorders’, and ‘Skin and subcu-
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taneous diseases’ all showed a growing trend,
thus, needs highly special considerations.

The third leading cause of death among young
people is called as ‘communicable, maternal, ne-
onatal, and nutritional diseases’, which has a low-
er mortality rate among young people than the
other two main causes mentioned. Over the past
decades, the prevalence of infectious diseases has
decreased significantly. However, in this category,
“HIV/AIDS and sexually transmitted infections”
was the only sub-category witnessing a significant
rising trend. The result of a recent study indicated
that, of all causes of maternal mortality in Iran,
HIV/AIDS have been the only one, making
more deaths and have had a growing trend during
the last three decades (13). Therefore, special at-
tention should be paid to this cause by health au-
thorities in Iran.

The findings of this study are highly reliable due
to the use of accurate and complex statistical
analysis and can provide a basis for researchers to
perform many other studies. However, this study
also has some limitations, the most important of
which is the estimated data of the GBD, which is
the basis of this study. Since the data related to
the causes of death are not available anywhere
else and these data are not complete and accurate
even at the level of Ministry of Health of coun-
tries, and are also considered highly confidential
and not available to researchers, the only solution
is to use estimated international data sources such
as the GBD.

Conclusion

Examining past trends in death rates and causes
strengthens insights into the state and future
trends in health and death-related indicators,
which are crucial for policy-making, especially in
developing countries with limited resources. Due
to considering data from about three decades in
this country and comparing it with EMRO coun-
tries and global in the same period, are of great
importance, especially compared to cross-
sectional or short-term studies and can be used
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by health policy makers in the country in predict-
ing the causes of youth death in the future.
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