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Modeling Mortality Rates Based on the Lee-Carter 
Model in Golestan Province, Iran: 2011-2028

Background: Reliable information on the causes of death, mortality trends, and their changes is 
one of the most basic principles of planning, management, and evaluation of health sectors. This 
study aimed to model mortality rates in Golestan Province, Iran.

Methods: This study was based on data available from northern Iran. First, mortality changes 
were modeled from 2011 to 2018. In the next stage, using the pattern of changes, mortality rates 
were predicted to 2028 using the Lee-Carter (LC) model.

Results: During 2011-2018, 60 082 deaths occurred due to various reasons. The average age 
of the deceased was 58.92±26.64 years. Generally, 43.2% was attributed to women and 56.8% 
to men. The mortality trend across all age and sex groups during the years 2019-2028 will be 
downward. As predicted in 2028, the mortality rate in the age group over 80 years reaches from 
107.14 to 72.43 in the total population, from 90.12 to 42.11 in men, and from 101.49 to 52.25 in 
women (per 1000 population). The results of this study showed that the mortality trend in all age 
and sex groups during 2019-2028 was downward, with a low slope. 

Conclusion: This study was designed before the onset of the COVID-19 pandemic, and given 
the changes this pandemic has caused in mortality rates, investigating the trend in mortality 
during this pandemic is recommended.
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Introduction

eliable information on the causes of death, 
mortality trends, and their changes is one 
of the most basic principles of planning, 
management, and evaluation of health 
sectors in all countries [1, 2]. Modeling 
and predicting crude death rates at any 
particular age has long been considered by 

demographers as a general indicator of mortality rates. 
Therefore, any attempt to increase the accuracy of pre-
dicting future mortality patterns will have a direct impact 
on improving the results of each of the above applica-
tions [3].

Most new methods for predicting mortality use two-
factor models with age and period as two factors. The 
Lee-Carter (LC) model is one of these two-factor models 
for predicting mortality [4, 5]. The emergence of the LC 
method dates back to a change in life expectancy patterns 
in the United States (US) in 1900. This led to Lee and 
Carter’s research on modeling and predicting the long-
term mortality rate of the entire US population, called 
population time modeling and forecasting. Although this 
method was based on US mortality data from 1900 to 
1987, it performed very well in modeling and predicting 
long-term mortality rates in many developed countries, 
including Chile (1994), Japan (1996), England (2003), 
Sweden (2004) and Italy (2005) [3]. In summary, this 
method predicts mortality by age and length of period 
for a single population as a general time trend, an age 
component, and the rate of change over time in terms of 
age [5]. Overall, one of the strengths of the LC and other 
generalization methods is their use in situations where 
mortality rates show a linear trend across age groups [6].

The LC method, as a generalization method, is a com-
bination of an affluent demographic model (with the 
fewest parameters) and time-series methods. Although 
in this method, as in other generalization methods, infor-
mation about the effects of medical advances, behavioral 
or social, is not included in the mortality rate, it is supe-
rior to other extrapolation methods for several reasons. 
First, a large part of the changes in the total mortality rate 
in developed countries is covered by this model, Second, 
the model parameters are easy to interpret. Third, this 
method, in addition to predicting mortality rates over 
time, can also provide the corresponding confidence 
intervals. In demographic texts, this method has been 
described as a prominent statistical model for long-term 
prediction of the population’s total mortality rate [7].

The results of the study using the LC model showed 
that the mortality trend from accidents and respiratory 
diseases in Golestan Province, Iran, is increasing; there-
fore, it is necessary to plan to reduce accidents and in-
cidents, and in this regard, specific strategies should be 
developed and implemented by explaining the role of all 
stakeholders [8].

The mortality rate in age groups in Golestan Province 
shows a linear trend, and considering that the LC method 
has been introduced as a leading model for predicting 
mortality [9, 10]. Therefore, this study aimed to model 
and predict mortality rates using the LC model.

Methods

This study was a secondary analysis based on available 
data. The study population included all deaths registered 
in the health department of Golestan University of Medi-
cal Sciences during 2011-2018. Information about mor-
tality (cause of death, age, and sex) was obtained from 
the golestan death registry as an Excel file.

The disease classification system is based on ICD-10. 
Causes of death are determined and coded by the Inter-
national Statistical Classification of Diseases and Re-
lated Health Problems. To correct codes for impossible 
causes of death by age and sex, and for possible causes 
of death in terms of fatality, the global disease load study 
framework for 2010 and 2013 was used [11-13].

For demographic estimates in this paper, the mathemat-
ical method according to Equation 1 was used. Where Pt 

+ n population in the second census, Pt population in the 
first census, n distance between the two censuses, and r 
is the annual population growth rate that is the basis of 
the calculations.

1. 
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In practice, the mortality rate is obtained by dividing 
the number of deaths of each age by the middle popula-
tion of that age. The middle population at any age esti-
mates the population at risk of death based on population 
and housing censuses.

The structure of the proposed model of LC is as 
Equation 3: 
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Results 

According to Equation 3, if the kt mortality index de-
creases linearly over time, the age-specific mortality rate 
will decrease at a constant exponential rate. The error 
terms, εx,t, have a Gaussian distribution with zero mean 
and variance σ2ε and represent part of the changes in 
age-specific mortality rate that cannot be explained by 
the model. Lee and Carter believe that the  parameter 
covers the major scatter in the data and, as a result, the 
error term’s variance is constant over time [14].

After estimating the model parameters and age-specif-
ic mortality rates, the LC model is employed to predict 
mortality rates. For this purpose, Lee and Carter first 
developed a time-series model for kt and then predicted 
the number of kt, they predicted the mortality rate mx,t 
for each age group, and at any particular time. For the 
prediction, first kt is predicted applying time-series mod-
eling, and its future values are then used to predict k_ 
[t+1]. Finding the best model for kt is crucial because an 
inappropriate model will result in incorrect predictions 
of the future behavior of the mortality rate. The random 
walk model with drift for kt is presented as Equation 5:
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Results 

All steps of the model analysis and fitting were per-
formed using Demography software, version 18.1 and 
StMoMo packages in R software, version 3/6/2.

Results

During 2011-2018, 60 082 deaths occurred in Golestan 
Province due to various reasons. The Mean±SD of the 
deceased was 58.92±26.64 years (57.25±26.62 years in 
men and 61.30±26.32 years in women). A total of 43.2% 
were women and 56.8% were men.

Empirical analysis for data

In this section, the possibility of using the LC method to 
predict population mortality has been investigated. The 
classic LC model and its extensions were proportional 
to the mortality rate matrix of Golestan Province from 
2011 to 2018. This model was fitted using a Poisson er-
ror structure. Duplicate algorithms were used to estimate 
the parameters. Also, using the autoregressive integrated 
moving average (ARIMA) framework, A multivariate 
random walk with drift, a variable index with mortality 
time was predicted. In the final stage, the death rate in 
Golestan Province was predicted for the next ten years.

Data source

The annual number of deaths by age is available in 17 
age groups (ranging from less than one year to over 80 
years old, with an interval of 4 years) for the population 
of Golestan Province from 2011 to 2018. The total num-
ber of exposures to the risk of the death is necessary to 
calculate empirical mortality rate. Therefore, x (x1, x17) 
and t (t1, t8), so that xi; i=1, …, 17, i-th age group and tj; 
j=1, …, 8, j shows the seventh year from 2011 to 2018.
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An investigation of the death rate trend from 2011 to 
2018 shows that, across all age groups, this trend has 
been constant; therefore, one of the main assumptions of 
the LC model was established.

By dividing the number of deaths by the total number 
of people at risk of death, the experimental mortality rate 
was obtained and used to fit the LC model. Table 1 pres-
ents the death rate per capita for men and women from 
2011 to 2018. The mortality rate is high in the first age 
group, which includes infants, but decreases for the next 
age group and then increases for the older age groups. 
In addition, the latest age groups, which include the el-
derly (age group>65 years), have the highest death rates. 
Therefore, these tables present the same trends in the real 
world.

Estimation of LC model parameters

The estimation of model parameters is the first step af-
ter data collection. These estimates can then be used to 
predict future mortality. Table 2 presents the estimated 
parameter values αx and βx for the whole population and 
for men and women. Figure 1 also plots past values with 
time-series model predictions and associated confidence 
intervals for men, women, and the total population.

In all age groups, αx values are higher for men than for 
women, indicating that the overall death rate for men is 
higher than for women. Under the LC method, αx is the 
average of the log values of the mortality rate and is es-
timated by averaging over all years. The first and last 
age groups, including infants and older people, have the 
highest αx values. This means that, as expected, these age 
groups have more excellent age effects on mortality. The 
coefficients of women of all ages are below that of oth-

Table 2. Estimated parameters αx and βx by LC model

Age Group
Total Men Women

en 4 1 8 0 
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ers, reflecting the fact that mortality for women is lower 
on average. According to previous studies, after the age 
of 4 years, the mortality rate gradually decreases, and 
after the age of 80 years, it increases [15].

The bx coefficients describe the relative sensitivity of 
death rates to variation in the kt parameter. It is not sur-
prising that sets of coefficients for all three cases look 
pretty similar for each age group. Because of the normal-
ization, their absolute levels have no particular meaning. 
With N age groups, if βx=βy=1/N for all x, y, then all the 
rates would move up and down proportionately, main-
taining constant ratios to one another. However, it can be 
observed that some ages are much more sensitive than 
others. The smaller the age, the greater its sensitivity to 
variations in the t k parameter. The exponential rate of 
change of an age group’s mortality is proportional to the 
bx values (Equation 7):

7. 

The bx coefficients describe the relative sensitivity of death rates to variation in the kt parameter. 

It is not surprising that sets of coefficients for all three cases look pretty similar for each age 

group. Because of the normalization, their absolute levels have no particular meaning. With N 

age groups, if βx = βy = 1/N   for all x, y, then all the rates would move up and down 
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 will be 
constant and each mxt will decrease with its constant ex-
ponential velocity.

Table 2 also presents the estimated βx values, which are 
higher for 0 to 4-year age group than for the other groups, 
indicating that the mortality rate in this age group is very 
different and that this group plays a significant role in kt 
change. Also, the following influential age group is the 
last one, which includes older people. When βx is signifi-
cant for some x, the mortality rate at age x changes sig-
nificantly. When the general mortality rate changes (e.g. 
x=0 for infant mortality) and when βx is small, the rate of 
change at that age changes slightly. This often happens 
in the case of mortality at older ages.

kt decreases directly from 2011 to 2012; however, for 
reasons unclear to us, it increases from 2013 to 2015 and 
2016 to 2018 only to have a downward trend again. If 
we compare male and female mortality, we can see that 
male mortality is higher than female mortality; therefore, 
work on possible improvements in reducing male mor-
tality can be more evident than in females.

Residuals

Figure 1 shows the residuals of the LC model for the 
male, female, and total population in Golestan Province. 
In these figures, lighter colors indicate smaller residuals 

Figure 1. Values plus forecasts and graph of LC model residues for male, female and total population
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and darker colors indicate larger residuals. As shown in 
the plot of independent residuals, residuals with similar, 
relatively large values are grouped together, indicating 
the spatial structure of the residuals. Considering this 
spatial correlation structure for model residues and esti-
mating it is vital in analyzing mortality data.

In the second stage of prediction, age-specific mortality 
rate values are predicted. If the error terms are omitted, 
the changes in mortality rates in a given year are wholly 
interdependent and a function of the time-varying pa-
rameter kt. Therefore, to calculate the confidence interval 
for the mortality rate in each age group and each specific 
year, it is sufficient to calculate the  confidence interval. 

Forecast

At this point, we can proceed directly to the next step: 
modeling kt as a time-series process that depends on 
time. We can fit the time series model with kt to pre-
dict them over the desired time period. In other words, 
we treat this time-dependent parameter as a time series 
and use the Box and Jenkins method [16] to find suit-
able time series models for it, after which we can predict 
it. To use the Box and Jenkins method for time-series 
forecasting, the time series must be stationary, that is, 
it must have a constant mean, variance, and correlation 
over time.

Now, we can use the ARIMA model selected in R soft-
ware to generate a forecast of the kt parameter for the 
next ten years, based on data from 2011 to 2018. 

Once we have predicted the mortality index, we can 
generate values related to the mortality rate. Also, the 
expected mortality rates, classified by age, are presented 
in Table 3 separately for the total population, men, and 
women for the years 2019-2028. According to the re-
sults, the mortality trend in all age and sex groups during 
2019-2028 is expected to be downward. As predicted in 
2028, the mortality rate in the age group over 80 years 
reached from 107.14 to 72.43 in the total population, 
from 90.12 to 42.11 in men, and from 101.49 to 52.25 
in women (per 1000 population). It is also predicted that 
the mortality rate in the age group of less than five years 
will decrease from 2.24 to 0.62 in the total population, 
from 2.35 to 0.84 in men, and from 2.07 to 0.94 in wom-
en (per 1000 population).

Discussion

The present study is an applied study to model and 
predict mortality. First, census and death data have been 

evaluated. After modeling changes in mortality between 
2011 and 2018 and recognizing the mortality pattern, 
mortality rates for Golestan Province up to 2028 have 
been predicted. The findings of this paper show that the 
power and efficiency of the LC model in predicting mor-
tality in Golestan Province is high. The LC model is an 
alternative method that can directly predict mortality by 
age, and the predicted figures can be easily converted 
into any mortality indicator, including life expectancy, 
by constructing a real-life table. This method is superior 
to other methods of directly predicting mortality or life 
expectancy for several reasons. First, if each rate is best 
modeled by an ARIMA model, it needs to estimate many 
parameters. Second, by independently predicting each 
rate, it is necessary to calculate the number of N (N-1)/2 
covariances of the error expressions (N is the number of 
age groups). Whereas in the LC method, since the mor-
tality rate in different age groups in each year is a func-
tion of the parameter, a strong correlation is observed 
between this rate and the index, and the variance and co-
variance of the error expressions are determined by the 
selected model for kt. Third, independent forecasting of 
each rate makes it possible to combine rates and form 
unlikely age structures in the future. In contrast, in the 
LC model, since the trend in all age-specific mortality 
rates is modeled by the  parameter, all estimated rates 
will belong to a life table [3]. Despite all the advantages 
that can be listed for the LC model, and although the 
evaluation of the results obtained in many applications 
of this model shows the high efficiency of the model, it 
should not be forgotten that the assumptions related to 
the fixed age pattern in this model are not met in some 
cases.

It is expected that the mortality rate in all age and sex 
groups during the years 2019 -2028 have a downward 
trend in Golestan province. Jahangiri et al. showed that 
the crude death rate in all age groups under 75 years has 
decreased from 2006 to 2015, and this negative trend 
is expected to continue until 2035 [1]. In addition, this 
trend is increasing in the age group over 75 years. Ac-
cording to the World Bank, Iran’s crude mortality rate 
has changed from 5.14 in 2006 to 4.54 in 2015 [17]. 
According to the Global Development Indicators, Iran’s 
crude mortality rates in 2006 and 2015 were reported as 
5.14 and 4.55, respectively, indicating a declining crude 
death rate in Iran [18].

Recently, due to population aging, much attention has 
been paid to changes in the age structure. However, the 
issue of the country’s aging population is not yet severe, 
but it will soon become a focus of demographic and so-
cial problems. According to studies, if any population 

Heidari A, et al. Modeling Mortality Rates Based on the LC Model. JRH. 2026; 16(1):83-94.



93

January & February 2026. Volume 16. Number 1

policy is implemented in the near future, Iran will face 
population aging. In other words, population aging will 
be inevitable in the future. It is obvious that, from now 
on, the government must pay attention to older people 
in macro and long-term planning and policy-making. In 
addition, policymakers and planners must make arrange-
ments for the social and health well-being of the elderly 
[19].

The main limitation of this research is that the models 
do not consider the results of perceived changes, such as 
medical advances in improving life expectancy, and the 
prevalence of infectious diseases, such as COVID-19, 
may interfere in the accuracy of the model’s predictions 
for the horizon. 

In addition, this study was designed before the onset 
of the COVID-19 pandemic, and due to changes in the 
mortality rates caused by this pandemic, investigating 
the trend of mortality during this pandemic and compar-
ing its results with the present study is recommended.

Conclusion

The results of this study showed that mortality in all 
age and sex groups from 2019 to 2028 has a downward 
trend with a low slope. Therefore, Golestan Province is 
facing an increase in elderly population and the preva-
lence of non-communicable diseases, such as diabetes, 
cardiovascular disease and cancer. Therefore, this issue 
should be considered in the country’s policies and plans, 
and arrangements should be made to support the health 
and well-being of older people. With current trends in re-
source allocation, the needs of many people remain un-
met. Therefore, we must look beyond the health system 
and promote public health through a comprehensive pre-
ventive approach using appropriate measures and poli-
cies to prevent population aging and non-communicable 
diseases. Policymakers must provide solutions to reduce 
the incidence and prevalence of these diseases, such as 
self-care education, creating opportunities for lifestyle 
changes in nutrition, increasing physical activity, reduc-
ing psychological stress, screening, and ongoing follow-
up in case of illness.
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