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Abstract  
Life expectancy in the United States is stalling in the period 1999 to 2020. In this period, US 

mortality rates were increasing across states, however, not all states have the same 

developments in life expectancy. In the southeast and up northwards are relatively low values 

and, in the north-central region and southwest relatively high values of life expectancy. This 

thesis aims to describe how US life expectancy has developed and which age groups and causes 

of death contributed the most to developments in life expectancy, which are analyzed using 

age- and cause-specific decomposition models. The results show that for the states with the 

lowest life expectancy one pattern in the mortality disadvantage is visible in the age groups. 

The states with the highest life expectancy show two patterns in the age groups in reaching the 

mortality advantage. The causes of death which contribute the most to the gap in life expectancy 

show similarities between the states with the highest and lowest life expectancy, in which 

especially causes of death I00-I99 (Diseases of the circulatory system) and V01-Y89 (External 

causes of morbidity and mortality) are big contributors to the gap, however, also all states have 

different other causes of death which contribute to the gap. Geographical inequality has 

increased when looking at the states with the highest and lowest life expectancy, which is 

related to differences in socioeconomic status, policies, context, composition and lifestyle. 

Policies to improve health should be focused on state-specific mortality rates to increase 

national life expectancy again.  

 

Keywords: life expectancy, United States, cardiovascular diseases, deaths of despair, 

geographical inequality, old age groups, midlife age groups 
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1999 and 2020”. I chose this topic for my thesis because the news reported about stalling and 

increasing life expectancy, especially during the Covid-19 pandemic. However, most of the 

time no attention is paid to which causes of death and age groups are behind the changes in life 
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1. Introduction  
1.1 Background  
In the United States, life expectancy at birth increased from 76.7 to 77.07 years between 1999 

and 2020 (figure 1), meaning that it has almost come to a halt (Murphy et al., 2021; Roser et 

al., 2013). Even before the drop of 1.92 years due to Covid-19 in 2020, life expectancy already 

stalled in the period 2014 to 2018 (Human Mortality Database, n.d.; Murphy et al., 2021). 

Figure 1 shows fluctuations in the development of life expectancy in the US, which displays 

that, before Covid-19, mortality rates already were increasing. During this period, the main 

contributors related to this increase were drug overdoses, alcohol abuse, suicide and organ 

system diseases (Woolf & Schoomaker, 2019).  

In the period 1968 to 2019 in every age group, a dispersion of death rates is visible 

between US states (Couillard et al., 2021). The dispersion of death rates has not had the same 

pace and influence on life expectancy for males and females. This research focuses mainly on 

the development of life expectancy in the states with the lowest and highest life expectancy to 

see how these states contributed to the geographical inequality in life expectancy. In the 

southeast and up northwards are relatively low values of life expectancy and in the north-central 

region and southwest relatively high values of life expectancy.  Furthermore, not in all states in 

the US changes in life expectancy are caused by the same cause of death or age group. 

Differences in the development of life expectancy could be explained by the following factors: 

migration, socioeconomic factors, lack of access to health care, poor-quality health care, 

behaviour, metabolic and environmental risks (Crimmins et al., 2011; Dwyer-Lindgren et al., 

2017; Wang et al., 2013). 

Judging the level of life expectancy requires a reference point, which entails some level 

of arbitrariness. The reference point in this research is the national life expectancy in the US, 

to which the state-level life expectancy is compared. The national life expectancy is chosen as 

a reference point because in every US state the data collection method is similar. Every state is 

using the ICD-10 chapters to collect information about underlying causes of death. Moreover, 

the health care system is similar across the US States. Besides that, the US has a large 

population which means that it reduces the risk of stochasticity, which could be present in small 

populations. Therefore, the 50 states and the District of Columbia are used in this research. 

Comparing different countries could influence the results because the data could be collected 

in different ways, health care systems could be different and different genes and common 

diseases could be present (Vallin & Meslé, 2008). Heterogeneity also exists among the US 

states in common diseases and genes.  

To sum up, US life expectancy has changed, however, not in every state in the same 

way. Therefore, it is important to compare the national life expectancy with the state-level life 

expectancy to see what causes the differences. The outcome of this research could be relevant 

for policymakers because they could see which specific causes of death need attention and in 

which age groups the most profits are achievable. Furthermore, the research could help 

policymakers to give an overview of which states have the highest and lowest life expectancy, 

what causes this and which approaches could work best to improve life expectancy. Therefore, 

policies could be made and this research could be used to drive progress in life expectancy 

again and decrease the geographical inequalities.  
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Figure 1: Life expectancy total population US between 1999 and 2020 

 
Source: Own figure based on (Human Mortality Database, n.d.; Murphy et al., 2021).  

 

1.2 Academic relevance  
From 1800 till the end of the 20th century life expectancy has increased which is related to the 

health transition. Due to several developments, like economic modernization and rising 

standard of living mortality rates decreased and life expectancy increased (Riley, 2001). The 

epidemiological transition theory shows how the pattern of common diseases has changed and 

has changed the mortality rates (Santosa et al., 2014; Omran, 1971). However, as can be seen 

in figure 1, recently life expectancy in the US is stalling. Among the different US states, life 

expectancy developments are different. In some states like Alaska and California, life 

expectancy is still increasing and in other states like West Virginia life expectancy is declining 

(Barbieri, 2021; Woolf & Schoomaker, 2019). Looking at geographical inequalities is an 

important aspect of how the national life expectancy develops because it shows divergence or 

convergence across US states. Besides that, looking at geographical differences also shows that 

life expectancy does not have the same developments in every state at the same time (Vallin & 

Meslé, 2004).  

This research aims to be relevant by providing information about how US state life 

expectancy has developed by focusing on the states with the lowest and highest life expectancy 

compared to the national life expectancy and how geographical inequality has developed over 

time by looking at the whole population, in the states with the highest and lowest life expectancy 

in the period 1999 to 2020. This research is trying to fill this research gap by analyzing life 

tables and using decomposition models. 

 

1.3 Research objective  
The objective of this research is to analyse how life expectancy has developed in the US states 

with the lowest and highest life expectancy and which age groups and causes of death 
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contributed the most to these developments. Besides this, the research aims to see which causes 

of death and age groups drive the geographical inequality in life expectancy in the US. 

 

1.4 Research questions 

1.4.1 Main research question  
What drives changes and geographical inequalities in life expectancy across US states? 

 

1.4.2 Subquestions  
1. How has the life expectancy changed across US states, and especially the gap 

between states with the lowest and highest life expectancy, between 1999 and 2020?  

2. Which age groups contribute the most to the differences in life expectancy in US 

states with the lowest and highest life expectancy between 1999 and 2020?  

3. Which causes of death contribute the most to the differences in life expectancy in 

US states with the lowest and highest life expectancy between 1999 and 2020?  

4. What makes specific US states laggards or pioneers in life expectancy between 1999 

and 2020?  

 

1.5 Structure   
Chapter 2 discusses the literature and theories to construct a conceptual model.  Based on the 

conceptual model and literature hypotheses are formulated. In chapter 3 the data and the 

methods used in this research are described. In chapter 4, the results of the research and 

discussion are described. In the final chapter, the conclusion and recommendations are stated.  
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2. Theoretical framework   
2.1 Theoretical background  

2.1.1 Health transition  
From 1800 till the end of the 20th century, life expectancy at birth increased from 

approximately 30 years to approximately 67 years. Already in the 18th century, the change in 

life expectancy started, first in Northwestern Europe with some pioneering countries. In most 

countries before the 19th century life expectancy was stable at 30 years. In the 19th century life 

expectancy began to increase and continued to increase in Northwestern Europe. The increase 

in life expectancy in the 19th century is related to a decline in death rates, however, death rates 

did not decline for infant mortality or mortality above 65 years (Riley, 2001). For the 18th 

century and before the 18th century is not much data available, which makes it difficult to say 

something about the trends in life expectancy before the 18th century. This increase in life 

expectancy is called the health transition. The health transition is not a general pattern for all 

countries. The pattern of the transition is different in every country, however, common for all 

countries is that mortality rates declined and life expectancy increased. The latter the health 

transition began in a country, the more compressed the transition is. 

Many studies looked into the causes of the health transition. The causes that engender 

the change were economic modernization, medical knowledge, and a rising living standard 

which lead to a change in nutrition, although, the respective weight of these explanations is still 

disputed. The complicated interrelationships between these changes make it difficult to identify 

the factors behind the changes. Therefore, scholars looked at the changes in causes of death to 

see how life expectancy has developed (Colgrove, 2002; Riley, 2001). In this research, the 

change in disease pattern will be the main cause to research the changes in life expectancy. In 

the end, many countries showed a change in the disease pattern, which lead to a change in the 

mortality pattern (Riley, 2001). The changes in the disease pattern are also described in the 

epidemiological transition theory.  

 

2.1.2 Epidemiological transition theory  
The epidemiological transition theory was developed by Omran. The theory outlines the 

changing pattern in leading causes of diseases and the interaction between the changing 

patterns. Moreover, the epidemiological transition theory focuses on the economic, 

demographic and sociologic determinants and consequences of the pattern changes. The theory 

consists of five stages in which there is a shift in the disease and mortality pattern. During this 

shift, there is a shift from infectious diseases to degenerative and man-made diseases (Santosa 

et al., 2014; Omran, 1971).  

 The first stage is the age of pestilence and famine. This stage has high mortality levels 

which are fluctuating because of living conditions, epidemics and famines.  The life expectancy 

in this stage is on average between 20 and 40 years. In this stage, most causes of death are 

infectious diseases (Santosa et al., 2014; Omran, 1971).  

In the second stage, the age of receding pandemics mortality levels declines and life 

expectancy increases which is caused by sanitation improvements and medical breakthroughs. 

The life expectancy is between 30 and 50 years (Omran, 1971). During this stage infectious 

diseases are still an important cause of death, however, non-communicable diseases are also 

increasing (Santosa et al., 2014).  

The third stage is the age of degenerative and man-made diseases, in this stage, mortality 

levels continue to decline and become stable at a low level. During this period life expectancy 

increases to above 50 years. The dominant cause of disease in the third stage are non-

communicable diseases (Santosa et al., 2014; Omran, 1971).  
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 The fourth stage of the epidemiological transition theory is called the age of declining 

cerebrovascular mortality, ageing, lifestyle modifications and resurgent diseases, in this stage 

life expectancy increases up to 80-85 years. During this period, the levels of mortality caused 

by cardiovascular diseases declined and stabilized because of improved medical care and 

lifestyle changes (Santosa et al., 2014).  

The fifth stage is called the age of aspired quality of life, with paradoxical longevity and 

persistent inequities. This stage is about disease control, health promotion and an increase in 

healthy life expectancy. During this stage, new diseases will emerge. Furthermore, there will 

be inequalities between people and countries. In this stage, depression is becoming an epidemic 

because of our stressful lifestyles and competitiveness according to Omran (1998). 

Some scholars are mentioning a combination of causes that lead to a change in mortality 

patterns. Others argue that every country has its causes that lead to changes in death rates and 

doubt the universality of the epidemiological transition theory because of high variation within 

stages of the theory, which makes it hard to use the epidemiological transition theory for making 

predictions. Besides that, the later stages of the model are not universal for all countries because 

multiple ways to reach low mortality levels are possible (Sudharsanan et al., 2022).  

 

2.1.3 Divergence and convergence in mortality  
The epidemiological transition theory by Omran expected a convergence in life 

expectancy. However, in practice, the convergence did not happen, for example, in the health 

crisis in Eastern Europe and AIDS crisis in Africa. This demonstrates that not all countries have 

the same developing pattern and that in some periods, countries experience rises and other 

countries stagnation or decreases at different paces in life expectancy which could lead to 

convergence or divergence in life expectancy. Vallin & Meslé (2004) created a model based on 

the health transition by Frenk et al. (1991). The model consists of three stages, which are based 

on the epidemiological transition theory, the cardiovascular revolution and the ageing process. 

In each stage, the transition generates firstly divergence in life expectancy between countries 

that pick up the innovation earlier and those who lag, and when the innovation is diffused across 

all countries, the laggards catch up and thus there is convergence in life expectancy (Vallin & 

Meslé, 2004).  

 The first stage of the model is similar to the first three stages of the epidemiological 

transition theory. During this stage, infectious diseases were replaced by chronic diseases. At 

the beginning of this stage, life expectancy is diverging because some states were pioneers in 

the epidemiological transition and others followed, which lead to a stage of convergence. At 

the beginning of the 20th century, the world has a difference of 27 years in life expectancy, 

which declined to 5 years in 1960 (Vallin & Meslé, 2004).  

The second stage consists of a cardiovascular revolution, which started after the 1960s. 

In this stage, the western world had rapid progress and the eastern countries had a stagnation or 

a decrease in life expectancy which leads to divergence in life expectancy. This divergence was 

related to the political and socio-economic systems. After the end of the Cold War, the Eastern 

countries started to make progress again in their life expectancy which leads to a convergence 

in life expectancy (Vallin & Meslé, 2004).  

In the third stage, Vallin and Meslé (2004) look at ageing in societies which also leads 

to a new process of divergence and convergence. The new process of divergence and 

convergence is related to the fact that some countries have already started to battle against an 

ageing society and other countries are lagging in this process. 

However, not all differentials in life expectancy will disappear due to convergence. 

People’s health is also affected by individual characteristics (composition) and by area 

characteristics (context) (Leyland & Groenewegen, 2020). The composition effect is about how 

the population is made up, for example, how many people are smoking, and how many people 
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have a high income. The context is about the setting in which people live, for example, urban 

or rural or if the area is affected by pollution (Hazen & Anthamatten, 2020). The combination 

of both factors influences how healthy people are and both factors have an influence on 

mortality levels. Composition and context could also be an explanation for geographical 

inequalities in life expectancy. In this research, however, composition and context are not 

included in the data, thus the reader should be aware of this by drawing conclusions based on 

the geographical inequalities described in the paper.  

 

2.2 Previous studies  

2.2.1 Previous evolution of US Life expectancy  
Many researchers have looked into US life expectancy and geographical inequalities in life 

expectancy, which gives many different views on which age groups and which causes of death 

contributed to the stalling life expectancy. Focusing on the geographical inequalities helps to 

shed light on the stalling life expectancy because it could explain which causes of death and 

age groups contributed the most to the stalling life expectancy in different states.  

US life expectancy has not kept the same pace of improvement as other countries in the 

1980s. In the US in the 1980s, the death rates were already quite low and since then no big 

improvements were visible. In the 21st century, the stagnation in the death rates was especially 

visible for women older than 80 years. However, some trends still show that death rates are 

declining for the older age groups (80 years and older) (Rau et al., 2008). 

Rau et al. (2008) found that the number of octogenarians and nonagenarians increased, 

because of survival improvements in younger age groups and a decline in mortality levels at 

age 100 years and older. Furthermore, they found that these improvements did not follow a 

universal pattern. This could be related to the health transition, and the states that are lagging 

were not able to go to the next stage (Rau et al., 2008). 

The developments in US life expectancy have a different trend than other OECD 

countries (Harper et al., 2021). In 2010 the life expectancy in the US stopped increasing and 

since 2014 life expectancy started to decrease. This was caused by an increase in all-cause 

mortality among young and middle-aged adults. Contrary, a decline in infant and early 

adolescent mortality levels and for the older age group of 65 years and older were visible. The 

main causes for the increase in mortality are for example drug overdoses, hypertensive diseases 

and organ system diseases and injuries (Muennig et al., 2018; Mokdad et al., 2018; Woolf & 

Schoomaker, 2019; Woolf & Aron, 2018). Deaths caused by drug overdoses, alcohol abuse and 

suicide are also called deaths of despair (Couillard et al., 2021). 

 Besides that, compared to the OECD countries, also in the younger age groups, the US 

is performing worse, which is related to more violent deaths and motor vehicle accidents 

(Harper et al., 2021). Although, not all researchers agree on what causes the stalling life 

expectancy.  Research by Mehta et al. (2020) shows that by looking at the total population, not 

deaths of despair but cardiovascular diseases are the main cause of the stalling life expectancy. 

The reason for this different conclusion is that the research by Mehta et al., (2020) looks at all 

age groups, whereas Woolf & Schoomaker (2019) only looked at midlife mortality.  

 Looking at the different US states, differences in life expectancy have increased since 

the 1980s. The increase in difference is related to different regional mortality trends, which are 

related to more and less advantaged areas of the country, in which the more advantaged areas 

had a greater increase in life expectancy than the less advantaged areas (Crimmins et al., 2010).  

For example, in the south of the US mortality improvements were slower in the 2000s compared 

to other areas of the country (Harper et al., 2021). The phenomenon of lower life expectancy in 

the south is particularly present in the states of Alabama, Kentucky, Mississippi and Tennessee 

(Fenelon, 2013). On the other hand, in the 2000s the life expectancy in Alaska and California 

had increased (Barbieri, 2021; Woolf & Schoomaker, 2019). 



 7 

The divergence in life expectancy across US states could be explained by different 

causes. One of the explanations for the increase in divergence of US life expectancy is the 

increase in midlife mortality levels, which did not take place in every state at the same pace and 

in some states, in all age groups, the mortality levels increased (Barbieri, 2021; Woolf & 

Schoomaker, 2019). The divergence in mortality rates in all age groups could be explained by 

differences in education levels, labour market prospects and rising income differences. States 

with an on average higher educated population have lower mortality rates. The research by 

Couillard et al., (2021), concludes that the divergence in midlife mortality could be explained 

by decreases in mortality according to educational attainment. Furthermore, differences in how 

high- and low-income states deal with health policies increased the divergence in mortality 

levels (Couillard et al., 2021).  

 Moreover, research by Whitmore Schanzenbach et al., (2016) shows that divergence in 

life expectancy is caused by that, not all health measures reach everyone in the population at 

the same time. An example is smoking behaviour, which is higher in older cohorts than in 

younger cohorts, which also could be the explanation that in older age groups mortality levels 

for diseases caused by smoking and cancers caused divergence.  

Another factor that causes divergence in life expectancy is opioid overdoses, especially 

in the Northeast and East North Central regions of the US. Besides that, a decline in the decrease 

of cardiovascular diseases also caused divergence in life expectancy in the US (Harper et al., 

2021).  

In conclusion, the literature shows that different explanations are possible for the 

stagnating US life expectancy, notably, the literature shows the pattern that the decrease in 

cause-specific mortality rates is not found in all age groups. In different age groups, there could 

be different causes of death generating the stalling in life expectancy. However, some findings 

show a small improvement in death rates in older age groups, and other research does not show 

these improvements.  

 

2.3 Conceptual model  
From the literature review and the theories, a conceptual model has been constructed, as can be 

seen in figure 2. The conceptual model shows the main concepts of this thesis and how the 

concepts are related to each other. State mortality levels are influenced by different factors. One 

of the factors that influence the state mortality level is economic development, which is related 

to the wealth situation in a state. In research by Riley (2001), the effect of economic 

modernization leads to a change in lifestyle, which also influences the most common causes of 

death, which is also visible in the epidemiological transition theory by Omran (1971). A second 

factor that influences the state mortality level is population composition, does a state have a 

young or old population and a third factor is the context, which is related to the living situation 

in a state. Research by Leyland & Groenewegen (2020) acknowledges these differences and 

the influence of composition and context on a health level, which influences the mortality 

levels. The final factor that influences the state mortality level is public health, which is related 

to the main causes of death and changes in the main causes of death. The changes in the 

mortality pattern are visible in the epidemiological transition theory by Omran (1971) and the 

health transition (Riley, 2001). All these factors combined, lead to the state mortality level. 50 

states and the district of Columbia are included in this research, which leads to 51 different state 

mortality levels. All these state mortality levels are different and thus show geographical 

inequalities. The different state mortality levels combined lead to the national life expectancy 

in the United States.  

This research focuses on public health and how the causes of death in different age 

groups change over time and how this influences life expectancy. Therefore, the main concept 
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used in this research is public health. The other factors also influence life expectancy, however, 

due to data limitations in this thesis, these factors will not be included in the analysis.  

 

Figure 2: Conceptual model 

 
Source: Own figure.  

 

2.4 Hypotheses  
Based on the literature the following hypotheses are formulated:  

 

1. Young and middle-aged adult age groups contribute the most to the differences between 

national life expectancy and state life expectancy, especially due to the causes of death 

I00-I99 (Diseases of the circulatory system) and V01-Y89 (External causes of morbidity 

and mortality).   

2. There is a geographical divergence in US state life expectancy because of differences 

in midlife mortality levels.  

3. The cause of death V01-Y89 (External causes of morbidity and mortality) has had the 

greatest contribution to the divergence in life expectancy in the US in the period 1999 

to 2020.  
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3. Data and methodology  
3.1 Study design  
To what extent geographical inequalities in US State life expectancy have developed and which 

causes of death and age groups contributed most to changes in life expectancy, is investigated 

by quantitative research. In this research, the numerical data describes and explains how life 

expectancy and geographical inequality have changed (Babbie, 2021). The research is 

descriptive, which is related to the purpose. The purpose is to describe what is holding back 

progress in US life expectancy and which causes of death, age groups and states are contributing 

to this and which patterns are visible in the states with the lowest and highest life expectancy. 

According to Babbie (2021), descriptive research is one of the major purposes of social 

sciences.  

 

3.2 Setting  
The study area of this research are the 50 states of the US and the District of Columbia. The 

research is a diachronic analysis because the data is collected over the period 1999 to 2020 for 

50 states and the District of Columbia to see how life expectancy has changed over this period 

and what caused these changes (Babbie, 2021). The data is collected for the whole period. Due 

to privacy issues, death counts with 9 or fewer deaths are suppressed (more in section 3.3.1). 

This research focuses on life expectancy for a longer period because life expectancy always 

fluctuates because of wars, pandemics or economic crises and because of stochasticity in small 

populations like in some of the US states (Riley, 2001). By looking at a longer period, a more 

stable pattern of how life expectancy changed is visible.  

Besides the states, the data is collected by sex because the National Center for Health 

Statistics shows that life expectancy is different for males and females and previous research 

showed that developments in life expectancy in the US for males and females are also different. 

The difference between male and female life expectancy depends on biological factors and 

social factors (Arias et al., 2021; Crimmins et al., 2019; Zarulli et al., 2021). 

The data is collected in 10 years age groups (table 1), except for the first two age groups 

and the last age group. The first two age groups are shorter than 10 years because of the U-

shape pattern in age-specific mortality rates (Engelman et al., 2017). The oldest age group is a 

relatively young open-ended age group, which was imposed by the CDC distribution tool. The 

open-ended age group is related to the fact that the highest age at which a person could die is 

unknown.           

Table 1: Age groups 

Age 

Groups  

<1 

1-4 

5-14 

15-24 

25-34 

35-44 

45-54 

55-64 

65-74 

75-84 

85+ 

Source: Own table. 
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3.3 Databases 

3.3.1 CDC Wonder database  
In mortality analysis, high-quality data is important to get reliable results and to be able to get 

to the right conclusions. Good quality data is important because it shows the real mortality 

pattern and changes over time. Furthermore, it helps to monitor trends in public health by 

identifying health risks (Hua et al., 2021: Majewska, 2017).  

 

The Centers for Disease Control and Prevention (CDC) wonder Underlying Cause of Death 

database is an open-access database on which the data for 20 causes of death is visible. The 20 

causes of death are based on the ICD-10 chapters and are visible in table 2. The main advantage 

of using this dataset is that in the whole study area the data is collected in the same way. In this 

research, the data is collected via an open-access database, which is reachable via this link 

(https://wonder.cdc.gov/controller/datarequest/D76). The dataset is produced by the Mortality 

Statistics Branch, Division of Vital Statistics, National Center for Health Statistics, Centers for 

Disease Control and Prevention and United States Department of Health and Human Services 

(CDC, n.d.-b; U.S. Department of Health and Human Services, 2004).  

 In the CDC wonder database, the total number of deaths for every age group is known, 

but, due to privacy, for some categories, when the value is below 9, the real value is suppressed. 

If these values were considered as zeros without further considerations, this could lead to the 

problem that the results of which age groups and causes of death contributed the most to the 

difference in life expectancy are under- or over-estimated. To solve the problem, several options 

are possible. One of the options is to compare the number of deaths known with the total number 

of deaths to see if certain age groups or causes of death differ from the national numbers, which 

could have an influence on the results (more in section 3.4). Another solution could be to spread 

the deaths which are suppressed in the CDC wonder databases over all 20 causes of death, 

which could give biased results.  

The database presents the underlying cause of death in the United States of America 

during the period 1999 to 2020. The database consists of mortality and population on different 

geographical scales. The underlying cause of death is “the disease or injury which initiated the 

train of morbid events leading directly to death or circumstances of the accident or violence 

which produced the fatal injury.” (WHO, 1979, p. 6). 

In the absence of a population register in the USA, the data in the database is collected 

via death certificates that are independent from any previous administrative information about 

the deceased. The cause on the death certificate is given by a physician, medical examiner or 

coroner. The death certificates are shared with the states, and the states send the information to 

the National Center for Health Statistics. If the cause of death is not completely sure, the 

certifiers may include terms like probably on the certificate. The more complete the data is, the 

better it is for the quality of the data. Around 20-30% of the death certificates contain missing 

information, although this does not mean that the certificates are inaccurate. An example of 

information that is sometimes missing is the age of death, which leads to the death going to the 

category non-stated. This category, which consists of a small percentage of total deaths, will be 

excluded from the analysis. Another solution was to spread the non-stated deaths uniformly 

across all the causes of death, however, causes of death with small numbers could be distorted 

and therefore influence the final result, because not every cause of death is present in the 

population in the same way (CDC, n.d.-d). 

Another influence on the result could be that in the dataset only one underlying cause 

of death is noted. In the database, the first cause of death will be used as the underlying cause 

of death. This could lead to that the influence of some causes of death could be underestimated 

when those causes of death are often present as comorbidities but not as the causes of death 

itself (U.S. Department of Health and Human Services, 2004). 

https://wonder.cdc.gov/controller/datarequest/D76
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Table 2: Causes of death according to ICD-10 main chapters 

Cause of death  Code  

Certain infectious and parasitic diseases A00-B99 

Neoplasms  C00-D48 

Diseases of the blood and blood-forming 

organs and certain disorders involving the 

immune mechanisms 

D50-D89 

Endocrine, nutritional and metabolic disease E00-E88 

Mental and behavioural disorders F01-F99 

Diseases of the nervous system G00-G98 

Diseases of the eye and adnexa H00-H57 

Diseases of the ear and mastoid process H60-H93 

Diseases of the circulatory system  I00-I99 

Disease of the respiratory system J00-J98 

Diseases of the digestive system K00-K92 

Diseases of the skin and subcutaneous tissue  L00-L98 

Diseases of the musculoskeletal system and 

connective tissue 

M00-M99 

Diseases of the genitourinary system N00-N98 

Pregnancy, childbirth and the puerperium O00-O99 

Certain conditions originating in the 

perinatal period 

P00-P96 

Congenital malformations, deformations and 

chromosomal abnormalities 

Q00-Q99 

Symptoms, signs and abnormal clinical and 

laboratory findings, not elsewhere classified 

R00-R99 

Codes for special purposes U00-U99 

External causes of morbidity and mortality  V01-Y89 

Source: Own table based on https://wonder.cdc.gov/controller/datarequest/D76  

 

3.3.2 WHO Mortality Database 
To be able to gauge the completeness of the CDC wonder data and see if the suppressed values 

in the data have a big influence on the results, data on national deaths is collected from the 

WHO Mortality Database. The data of the WHO Mortality Database is collected by the 

responsible authorities in the countries. There could be a difference in the data of the countries 

and the WHO because the WHO use standard classifications to present the data. The data in the 

WHO mortality database is based on the underlying causes of death which are the same as in 

the CDC database. The data is only included in the database if the data is coded according to 

the ICD-10 classification. One caution should be that the data is complete for the population 

covered but that not all deaths in the country are included in the database (WHO, 2022).  

According to the WHO mortality database, the data in the US is 100% complete. 12.1% 

of the data is ill-defined or non-specific causes of the total deaths which means that the code 

used does not have a proper medical interpretation. The data has a usability of 87.9% which 

means that the United States has high usability. Comparing the WHO and CDC data does not 

lead to a problem because in both datasets the code on the death certificates is used in the same 

way, which is related to the fact that the data is provided by CDC to the WHO. This number is 

calculated by using the data from the period 2008 to 2019. According to the WHO the usability 

is defined as “the percentage of all deaths which are registered with meaningful cause-of-death 

https://wonder.cdc.gov/controller/datarequest/D76
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information” (WHO, 2020). It is calculated by multiplying the completeness with the 

proportion of deaths that have a meaningful cause of death (WHO, 2020).   

 

3.4 Data validation 
Appendix 1 tables 4 and 5 show the suppressed values in the data for females and males. It is 

visible that the lowest number of suppressed cells for all causes of death is lower in the age 

group <1 and after that, the number of suppressed cells for all causes of death increases till the 

age group 5-14. After this age group, the number of suppressed cells is decreasing. This pattern 

is explained by the age-specific mortality rates, which generally have a U-shape (Engelman et 

al., 2017). Indeed, age groups with low mortality rates tend to generate low death counts, which 

are more likely to be suppressed for privacy reasons. 

Logistic regression was performed to see which age groups, causes of death, sex and 

year are more likely to exhibit suppressed death counts. The dependent variable is suppressed 

cells, with a success if the cell is suppressed. By looking at the regression output (Appendix 2 

table 6), the results for every age group are not statistically different from the reference category 

(5-14). The different causes of death (appendix 2 table 6) have a statistically different effect 

compared to the reference category A00-B99 (Certain infectious and parasitic diseases). By 

looking at the log odds, of the causes of death C00-D48 (Neoplasms), E00-E88 (Endocrine, 

nutritional and metabolic disease), G00-G98 (Diseases of the nervous system), I00-I99 

(Diseases of the circulatory system), J00-J98 (Disease of the respiratory system), K00-K92 

(Diseases of the digestive system), V01-Y89 (External causes of morbidity and mortality) have 

a negative and significant effect on the 0.001 percent level on the number of suppressed values, 

compared to the reference category A00-B99 (Certain infectious and parasitic diseases), which 

means that they decrease the number of suppressed values. In the dataset, those diseases have 

more often a number instead of a suppressed value, probably because the death rates of these 

causes make them less likely to result in small death counts.  

On the contrary, the log odds of D50-D89 (Diseases of the blood and blood-forming 

organs and certain disorders involving the immune mechanisms), F01-F99 (Mental and 

behavioural disorders), L00-L98 (Diseases of the skin and subcutaneous tissue), M00-M99 

(Diseases of the musculoskeletal system and connective tissue), N00-N98 (Diseases of the 

genitourinary system), O00-O99 (Pregnancy, childbirth and the puerperium), P00-P96 (Certain 

conditions originating in the perinatal period), Q00-Q99 (Congenital malformations, 

deformations and chromosomal abnormalities), R00-R99 (Symptoms, signs and abnormal 

clinical and laboratory findings, not elsewhere classified), U00-U99 (Codes for special 

purposes) have a positive and significant effect on the 0.001 percent level on the number of 

suppressed values compared to the reference category. This means that those diseases in the 

dataset more often have a suppressed value instead of a valid death count than A00-B99 

(Certain infectious and parasitic diseases). The two insignificant causes of death H00-H57 

(Diseases of the eye and adnexa) and H60-H93 (Diseases of the ear and mastoid process) are 

small groups and therefore they could be too small to say if the effect is caused by these 

diseases.  

The coefficient of the independent variable year also has a negative significant effect on 

the suppressed values (Appendix 2 table 6). The more recent the year, the less suppressed values 

are present in the data, which could be related to the slow rise in the population size. By looking 

at the independent variable sex, the effect for males in comparison to females is negative and 

significant at the 0.001 percent level. The odds for males are 14% lower than for females. This 

shows that males have a lower number of suppressed cells than females. This could be related 

to that for males in the younger age groups the risk of dying is slightly higher, which could 

decrease the suppressed cells in the younger age groups and causes of death with fewer deaths 

(Zarulli et al., 2021). Another explanation could be a gender bias by male physicians in the 
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diagnosis of the cause of death. By adding the new independent variables to the model, the 

previous independent variables stay constant, which means that the model is robust.  

 Table 3 shows the percentage of deaths known by cause of death. Two have a percentage 

of zero, which are H00-H57 (Diseases of the eye and adnexa) and H60-H93 (Diseases of the 

ear and mastoid process). Additionally, in the cause U00-U99 (Codes for special purposes), 

only 6,89% of the deaths are known. These categories have a low value because only a few 

people died from one of these diseases, which does not have a significant influence on 

calculating the life expectancy and thus does not affect the conclusions. Furthermore, for these 

causes of death, many age groups and years display no death from this disease. Other causes of 

death like A00-B99 (Certain infectious and parasitic diseases), E00-E88 (Endocrine, nutritional 

and metabolic disease), F01-F99 (Mental and behavioural disorders), G00-G98 (Diseases of 

the nervous system), N00-N98 (Diseases of the genitourinary system), P00-P96 (Certain 

conditions originating in the perinatal period), R00-R99 (Symptoms, signs and abnormal 

clinical and laboratory findings, not elsewhere classified) and V01-Y89 (External causes of 

morbidity and mortality) have a percentage which is higher than 97% which means that for 

those cases, almost all deaths are known and there are only a few suppressed values. However, 

if the missing 3% all come from a handful of small states, it still could affect the results. It is 

not possible to solve this. In three categories, there is a percentage which is higher than 100%, 

which are the categories C00-D48 (Neoplasms), I00-I99 (Diseases of the circulatory system) 

and J00-J98 (Disease of the respiratory system), which means that in the CDC database there 

are more cases known than in the WHO database. These causes of death are only slightly higher 

than 100%, which could be caused by that the data transferred to the WHO was later corrected 

(WHO, 2022).  

By comparing the data from the CDC and the WHO, on average the different causes of 

death have a very high percentage of deaths that are known, with a few exceptions that are not 

likely to affect the results. The death categories with smaller death counts have lower 

proportions known, which could be related to the fact that more age groups have 9 or fewer 

deaths for these causes of death, and thus more suppressed values.  

 

Table 3: Percentage of deaths known by causes of death 

 
Source: Own table based on CDC wonder database and WHO mortality database. 
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3.6 Ethical considerations  
In the process of quantitative research, it is important to think about ethical considerations. The 

data in this research is secondary data because the data used in the research is collected by the 

CDC, which means that the CDC is responsible for the collection and the storage of the data, 

which the CDC have experience with and has extensive regulations to protect the confidentiality 

of the data (CDC, n.d.-a). The researcher may assume that the confidentiality and privacy of 

the respondents have priority in the data collection process. Although, even the researcher 

should take care of ethical considerations by using the data and preventing harm to the persons 

while still guaranteeing their anonymity. Furthermore, it is important that the researcher does 

not misuse the data and only use the data for the purposes for which the data is collected.  

Besides the ethical considerations in the data collection and storage process. During the 

whole research cycle, the research must have social value, which means that the results should 

provide knowledge in the discipline of demography. Besides that, the research needs to have 

scientific validity, which means that the research should have followed the scientific method to 

have reliable and applicable results (Acevedo Pérez et al., 2017).  In the analysis and reporting 

part of the research, it is important that the researcher is more familiar with the limits of the 

study and that the researcher make them known to the readers (Babbie, 2021). 

 

3.7 Methods  

3.7.1 Life expectancy  
Life expectancy is one of the measures of the health of a population and its development (Roser 

et al., 2013). It is defined as “The average number of years that a newborn is expected to live 

if current mortality rates continue to apply” (Hazen & Anthamatten, 2020, p. 95). Worldwide, 

big differences exist in life expectancy, the more developed a country is, the higher the life 

expectancy is on average. One factor that has a major influence on life expectancy is infant 

mortality. The reason that infant mortality has a major influence on life expectancy is that the 

lifespan for infants is short, which decreases the average lifespan the most years (Hazen & 

Anthamatten, 2020).  

In life expectancy, a difference can be made between cohort and period life expectancy. 

The cohort life expectancy is how long on average a birth cohort lives. It is only possible to 

calculate the cohort life expectancy if everyone in the cohort has died. This could lead to 

outdated information about the health situation in a population because the whole population 

already passed away (Ortiz-Ospina, 2017).  

An alternative way to calculate life expectancy is the period life expectancy. The period 

life expectancy is the average number of years people in a certain period live. To calculate the 

period life expectancy a hypothetical cohort is assumed to have the same mortality rates during 

the whole period. This leads to the disadvantage of this method, which is that it does not take 

into account changing mortality rates over time (Ortiz-Ospina, 2017).  

 

3.7.2 Life table analysis  
The life table is one of the main used tools in demography. A life table is a table that illustrates 

different pieces of information about mortality in an observed or hypothetical birth cohort. A 

life table is an easy way to describe the various aspects of the variation of mortality with age 

and cause of death (Hinde, 1998; Preston et al., 2000). The life table assumes that mortality 

rates are constant in an age group. The broader chosen the age group, the less likely it is that 

this assumption holds. This research contains 10 years age groups, except for the age groups 

<1, 1-4 years and 85+. The youngest age groups are smaller than 10 years because more people 

die at younger ages than older ages in the youngest age groups. The 85+ is an open-ended age 
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group because it is not clear to which age someone survives. To solve the problem, with the 

assumptions in the life table, the nqx can be set equal to 1 (Hinde, 1998).  

A life table has different columns with information about mortality in the population. 

The first column is x, which contains the age groups. The second column is lx, which contains 

the number of people alive in a certain age group. The third column is ndx, which contains the 

number of people dying in a certain age group. This column could also be split into multiple 

causes of death. In the fourth column, nqx, is the probability of dying in a certain age group. 

The fifth column is the nPx, which contains the probability of surviving in a certain age group. 

The sixth column is nLx, which is the number of person-years lived. The seventh column is the 

e0 which is the life expectancy at a certain age. The eighth column is nmx which is the death 

rate in a cohort in an age group. The last column, nax, contains the average person-years lived 

in the interval by the people who died in the interval (Preston et al., 2000). 

It is possible to have a period or a cohort life table. A cohort life table is a life table 

based on a cohort. It could be difficult to construct a cohort life table because it is necessary to 

wait till a complete cohort is deceased, which could lead to the fact that the data is outdated. 

An alternative is the period life table, a period life table is a life table that shows what would 

happen to a certain cohort if the cohort follows the mortality pattern for a certain period. A 

period life table shows what would happen to a hypothetical cohort if mortality conditions stay 

the same through the whole period (Preston et al., 2000). This thesis used the period life table, 

which is related to the fact that the data is for a recent period, to get an overview of how 

mortality developed.  

 Besides the difference between cohort and period life tables, it is also possible to 

construct single-decrement life tables and multi-decrement life tables. A single-decrement life 

table is a life table that has one absorbing state. However, this research contains twenty 

absorbing states, which means that the life table has various causes on which a person could 

die (Oeppen, 2008). The multiple decrement life table is often used to see the contribution of a 

certain cause of death on life expectancy and how life expectancy changed. The main 

assumptions of the multiple-decrement life table are that multiple causes of death are mutually 

exclusive of each other and the probability that someone will die is in the existence of the other 

causes (Carey, 1989; Land et al., 1994).  

 

3.7.3 Decomposition  
By generating life tables for different populations, it is useful to know what causes the 

differences between the populations. However, after creating life tables, it is not possible to 

compare the life tables directly with each other over time directly from the input rates (Canudas 

Romo, 2003).  

To work around this disadvantage, decomposition methods are a useful way to analyze 

mortality patterns. Decomposition is the principle of separating demographic measures into 

different components to see how each of these components contributes to the understanding of 

the phenomenon under study. Different ways of decomposition exist. One of them is age 

decomposition, which helps to estimate the contribution of each age group to the total change 

over time. Another decomposition technique that could be used is the cause of death 

decomposition. Using this technique makes it possible to see the contribution of every cause of 

death to the total gap in life expectancy. A third way to decompose is to use different categories, 

for example, males and females (Canudas Romo, 2003). So, decomposition models help to 

estimate what mortality differences a specific age group or cause of death contribute to the gap 

in life expectancy (Preston et al., 2000). Decomposition models are a way to see how each age 

group and cause of death contribute to differences. Another advantage of decomposition models 

is that decomposition models show which cause of death and age group contributes the most to 
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the change and what kind of action policymakers could implement to make further progress in 

life expectancy (Auger et al., 2014).  

Different decomposition models exist. The two broad methods to decompose life 

expectancy are the analytical approach, i.a. by Pollard and Arriaga, and the other method is the 

numerical approach by Andreev and Horiuchi (Andreev et al., 2002; Preston et al., 2000).  

The Pollard decomposition method is based on the force of mortality concept. In the 

method, the interaction effect and the main effect are combined. The interaction terms are the 

effects that are rising because of changes in mortality in two or more age groups. However, a 

disadvantage of this method, is that it needs detailed information in life tables about the age 

groups 85+ (Murthy, 2005).  

Arriaga’s decomposition model is based on temporary life expectancy. A change in 

mortality in a specific age group affects the life expectancy of other age groups. This could 

have a direct or an indirect effect on life expectancy. A direct effect on life expectancy is that 

there are changes in life years within an age group because of changes in mortality in that age 

group. The indirect effect is that the number of years lived increases due to mortality changes 

within a specific age group. Therefore, this change will lead to a change in the number of 

survivors till the end of the age group. It is assumed that mortality does not change in other age 

groups. The interaction effect is that there will be changes in other age groups, because of the 

changes in mortality in a certain age group. Furthermore, an interaction effect is always present 

because of mortality changes in an age group, which influences the number of survivors in a 

certain age group. The direct and indirect effects came because of the change only within a 

certain age group (Arriaga, 1984; Murthy, 2005).  

In this research the package DemoDecomp is used in R. The package DemoDecomp 

offers two different decomposition methods (Riffe, 2018). The first method uses stepwise 

replacement (Andreev et al., 2002). The stepwise replacement method estimates the effect of 

replacing a cell in one matrix with a cell in the other matrix. This method could be used to 

decompose the difference in life expectancy. The package performs all the possible 

replacements to calculate the results. This method is quite similar to the Arriaga decomposition 

method (Andreev et al., 2002; Andreev & Shkolnikov, 2012). The second method is Pseudo-

continuous decomposition (Horiuchi et al., 2008). In this thesis, the stepwise replacement 

method is used for the analyses because the results were more stable than with an analytical 

approach.  
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4. Results and discussion  
4.1 Geographical inequalities  
Geographical inequalities in life expectancy are analysed by looking at the life expectancy 

developments in the period 1999 to 2020. To analyse the developments in life expectancy 

different maps and graphs are created based on life tables. The data to make the maps and 

graphs comes from the CDC Wonder database and WHO Mortality database. Firstly, maps of 

the US states are created, in which the states are sized according to the life expectancy to 

investigate how geographical inequalities in life expectancy are visible in the US. Thus, the 

bigger the size of the state, the higher the life expectancy will be. Alaska which has on average 

a higher life expectancy, look small, however, compared to the other states it still contains a big 

surface, which is related to the map projection. In appendix 3 figure 10 a map of the US is 

visible which includes all the state names.   

 Figures 3.1 and 3.2 show that the states in the north, central and southwest have a high 

life expectancy for females and males. Moreover, Hawaii also has a high life expectancy 

compared to the other states in the US. Additionally figures 3.1 and 3.2 show that the southeast 

of the US, the states of Louisiana, Mississippi and Alabama have low values of life expectancy 

compared to the other states in the US.  

 

Figure 3: US state life expectancy 2020  

 

 
 
 

 

 
Source: Own figure based on CDC wonder database. 

Figure 3.1: US state life expectancy for females 2020 

Figure 3.2: US state life expectancy for males 2020 
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4.1.1 Convergence and divergence  
In figure 4.1 the difference between the lowest and highest life expectancy for females in the 

period 1999 to 2020 is visible. Figure 4.1 shows that in 1999 the gap in life expectancy was 

5.06 years, till 2019 the gap increases to 5.88 years. The pattern in the period 1999 to 2014 is 

quite constant. After 2014 the gap increases from 5.36 years to 5.88 years, which shows a 

divergence in life expectancy. In 2020 the gap in life expectancy is 7.53 years, which is most 

likely related to the Covid-19 pandemic and could therefore be an outlier. More data for years 

after 2020 is needed to see how this gap develops. During the period 1999 to 2020 for females, 

the states with the lowest life expectancy are Mississippi, Louisiana, Alabama and West 

Virginia. All those states are located in the southeast of the US. The states with the highest life 

expectancy are Hawaii, Vermont and North Dakota.  

 Figure 4.2 shows the gap in life expectancy between the states with the lowest and 

highest life expectancy for males in the period 1999 to 2020. The pattern shows on average a 

convergence in life expectancy in the period 1999 to 2013. In this period, the gap in life 

expectancy decreased from 8.3 years to 6.28 years, which is a decrease of 2.02 years. In the 

period 2014 to 2019, the gap in life expectancy stabilized. The gap in life expectancy in 2014 

was 6.72 years and in 2019 6.77 years. In 2020 the gap in life expectancy was 9 years, which 

most likely is caused by the Covid-19 pandemic, therefore data from more recent years is 

needed to see if 2020 is an outlier or if the gap in life expectancy is increasing. The states with 

the lowest life expectancy are the District of Columbia and Mississippi and the states with the 

highest life expectancy are Hawaii, Vermont, North Dakota and Utah.  

 

Figure 4: Gap in life expectancy in years in the period 1999 to 2020 

 

 

 
 

 

 

Figure 4.1: Gap in life expectancy in years for females 
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Source: Own figure based on CDC wonder database. 

 

4.1.2 Lowest and highest life expectancy  
Figure 5.1 shows the states with the lowest and highest life expectancy for females in the period 

1999 to 2020. In the period 1999 to 2020, the highest life expectancy has increased from 81.95 

years to 83.08 years. In the period 1999 to 2020 the states with the highest life expectancy have 

an increase in additional years of life of 0.05 years per year. The increase in life expectancy for 

the states with the highest life expectancy seems linear with a small drop around 2011 and 2020. 

After 2011 the gap in life expectancy between Hawaii and North Dakota increased as can be 

seen in figure 5.1. In the same period, the lowest life expectancy for females has decreased from 

76.89 years to 75.52 years, however, 2020 is most likely influenced by the Covid-19 pandemic, 

until 2019 the lowest life expectancy increased to 77.37 years. In the period 1999 to 2019, the 

increase in life expectancy for the states with the lowest life expectancy seems also to show a 

linear pattern with 0.02 years of additional years of life per year. Thus, in the period 1999 to 

2020, the states with the highest life expectancy made a progress and have an increased life 

expectancy. The states with the lowest life expectancy have an increase in life expectancy in 

the period 1999 to 2019, however, in the period 1999 to 2020 a decrease, which is caused by 

the year 2020. During the whole period, the same states with the highest life expectancy are 

keeping the lead, which is also the case for the states with the lowest life expectancy. The 

general pattern shows that the states with the highest life expectancy have a higher increase in 

life expectancy than the states with the lowest life expectancy, although the difference in 

increase is really small. 

 Figure 5.2 shows the states with the lowest and highest life expectancy for males in the 

period 1999 to 2020. The highest life expectancy in 1999 was 77.05 years and increased to 

78.01 years in 2020. In this period, the states with the highest life expectancy have an increase 

in additional years of life of 0.04 years per year. The increase in life expectancy for the states 

with the highest life expectancy seems linear, with a small drop in 2020. In the same period for 

the states with the lowest life expectancy, the life expectancy increased from 68.73 years in 

1999 to 69.01 years in 2020. In this period the states with the lowest life expectancy have an 

increase in additional years of life of 0.01 years per year. The increase in life expectancy for 

the states with the lowest life expectancy seems linear, with a drop in 2020. Thus, in the period 

1999 to 2020, the states with the highest life expectancy made a progress and have an increase 

in life expectancy. The states with the lowest life expectancy have an increase in life 

expectancy, however, the increase in life expectancy is lower than for the states with the highest 

life expectancy. Both, the states with the highest and lowest life expectancy only made a small 

Figure 4.2: Gap in life expectancy in years for males 
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increase in life expectancy, which also influence the stalling national life expectancy, both the 

highest and lowest states contributed to the stagnation. 

In the period 1985 to 2010, life expectancy developments in the US show that not every 

state has the same developments or the same pace of development in life expectancy for males 

and females, which could be related to five different factors: migration, socioeconomic factors, 

lack of access to healthcare, poor-quality health care and behaviour, metabolic and 

environmental risks (Wang et al., 2013). These differences in life expectancy developments 

could also explain why the states with the highest and lowest life expectancy are not the same 

but differ across gender.  

 

Figure 5: States with the lowest and highest life expectancy in the period 1999 to 2020 

 

 

 
 

 
Source: Own figure based on CDC wonder database.  
 

 

 

Figure 5.1: States with the lowest and highest life expectancy females 

Figure 5.2: States with the lowest and highest life expectancy males 
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4.2 Females laggard  
Figure 6.1 shows that in Alabama in the period 2003 to 2019 the age groups 1-4, 5-14 and 15-

24 have on average a decreasing effect on the gap in life expectancy in comparison with the 

national life expectancy. The age groups 45-54, 55-64 and 75-84 have the biggest contribution 

to the gap in life expectancy. 

Besides that, figure 6.2 shows that in Louisiana in the period 2003 to 2019 the age 

groups 1-4, 5-14 and 15-24 on average are decreasing the difference in life expectancy or have 

a small contribution to the gap in life expectancy in comparison with the national life 

expectancy. The age groups 35-44, 45-54, 55-64, 65-74 and 75-84 have the biggest contribution 

to the gap in life expectancy. 

Additionally, figure 6.3 shows that in Mississippi in the period 2003 to 2019 the age 

groups 1-4, 5-14 and 15-24 have in some years a small contribution to the difference in life 

expectancy, however, in most years these age groups have a decreasing effect on the difference 

in life expectancy in comparison with the national life expectancy. The age groups 45-54, 55-

64, 65-74 and 75-84 are the biggest contributors to the difference in life expectancy.  

In West Virginia, in the period 2003 to 2019 as can be seen in figure 6.4 is that the age 

groups <1, 1-4, 5-14 and 15-24 have on average over time a decreasing effect on the gap in life 

expectancy. The age groups 55-64, 65-74 and 75-84 have the biggest and relatively stable 

contribution to the difference in life expectancy. The age groups 35-44 and 45-54 have an 

increasing contribution to the gap in life expectancy.  

 Figure 7.1 shows that in Alabama in the period 2003 to 2019 the causes of death I00-

I99 (Diseases of the circulatory system), J00-J98 (Disease of the respiratory system) and V01-

Y89 (External causes of morbidity and mortality) are the biggest contributors to the difference 

in life expectancy. The cause of death C00-D48 (Neoplasms) has also a constant contribution 

to the gap in life expectancy, although, a lower contribution than the ones mentioned previously. 

The other causes have on average a small or no contribution to the gap in life expectancy.  

In Louisiana, as figure 7.2 shows, in the period 2003 to 2019, the causes of death with 

the biggest contribution to the gap in life expectancy are C00-D48 (Neoplasms), E00-E88 

(Endocrine, nutritional and metabolic disease), I00-I99 (Diseases of the circulatory system) and 

V01-V89 (External causes of morbidity and mortality). The other causes have on average a 

small or no contribution to the gap in life expectancy. 

 Figure 7.3 shows that in Mississippi in the period 2003 to 2019 the causes of death C00-

D48 (Neoplasms), I00-I99 (Diseases of the circulatory system) and V01-Y89 (External causes 

of morbidity and mortality) are the biggest contributors to the gap in life expectancy. The causes 

of death I00-I99 (Diseases of the circulatory system) and V01-Y89 (External causes of 

morbidity and mortality) have a quite constant contribution to the gap in life expectancy. The 

causes of death C00-D48 (Neoplasms) and J00-J98 (Disease of the respiratory system) have a 

slightly increasing contribution to the gap in life expectancy. The cause of death C00-D48 

(Neoplasms) is especially after 2013 a big contributor to the gap in life expectancy. The other 

causes have on average a small or no contribution to the gap in life expectancy.  

 In West Virginia, in figure 7.4, in the period 2003 to 2019, the causes of death C00-D48 

(Neoplasms), I00-I99 (Diseases of the circulatory system), J00-J98 (Disease of the respiratory 

system) and V01-Y89 (External causes of morbidity and mortality) are during the whole period 

big contributors to the difference in life expectancy. The cause of death R00-R99 (Symptoms, 

signs and abnormal clinical and laboratory findings, not elsewhere classified) is in the years 

2004 to 2011 and 2016 to 2017 a big contributor, and in the other years a small contributor. The 

cause of death E00-E88 (Endocrine, nutritional and metabolic disease) shows an increase in the 

contribution to the gap in life expectancy. The other causes have on average a small or no 

contribution to the gap in life expectancy.  
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The states with the lowest life expectancy for females all show the same pattern in the 

mortality disadvantage. In all states, the younger age groups have a small but non-negligible 

contribution to the difference in life expectancy, and the contribution peaks around the older 

midlife age groups (50s and 60s), with a clear increase in some states, and the old age groups 

(60+), with a more stable pattern. Besides that, the four states with the lowest life expectancy 

show similarities in the pattern of the contribution of the different causes of death to the gap in 

life expectancy. In Alabama, Louisiana, Mississippi and West Virginia the causes of death C00-

D48 (Neoplasms), I00-I99 (Diseases of the circulatory system) and V01-Y89 (External causes 

of morbidity and mortality) are big contributors to the gap in life expectancy.  

 The mortality disadvantage in those four states could be related to socioeconomic status. 

Research by Fenelon (2013) shows that Mississippi, Louisiana and Alabama have high levels 

of poverty and rural isolation, which affects social and economic opportunities. The lower 

socioeconomic status also influences the obesity rate which especially in older age groups has 

an influence on the mortality rates (Fenelon, 2013). The high obesity rates are related to 

unhealthy lifestyles, like high rates of tobacco use, poor diet, physical inequality and low fruit 

and vegetable consumption, this could be an explanation for the high contribution of the cause 

of death I00-I99 (Diseases of the circulatory system). Research by Akil & Ahmad (2011) shows 

that the low prices of unhealthy food make it more affordable for people with a low 

socioeconomic status, which could decrease health. Other reasons for the high contribution 

could be low access to food stores and low access to physical care facilities. The high 

contribution of the cause of death C00-D48 (Neoplasms) could be caused by pollution and 

smoking, which increases the chances of developing neoplasms. The states Mississippi, 

Louisiana and Alabama show higher smoking rates, compared to other states in the US, which 

leads to a higher prevalence of lung cancer in older age groups. The effect of neoplasms is 

strengthened by poor screening behaviour and low socioeconomic status (Aly et al., 2021; 

Mississippi State Department of Health, n.d.). The negative health effects caused by the 

previous factors are especially visible in the age groups 50 years and older. In West Virginia, 

Mississippi and Alabama the cause of death J00-J98 (Disease of the respiratory system) is also 

a big contributor. In West Virginia as research by Bennet et al., (2019) show the big contribution 

of the cause of death J00-J98 (Disease of the respiratory system) could be explained by the high 

smoking rates and air pollution. The high contribution of causes of death C00-D48 (Neoplasms) 

and/or J00-J98 (Disease of the respiratory system) could also be related to local habits by 

physicians in how they note down the causes of death on the death certificate because in both 

causes of death, diseases related to smoking and air pollution are included. The big contribution 

of the cause of death V01-Y89 (External causes of morbidity and mortality) to the gap in life 

expectancy could be explained that in rural areas health care facilities are far away. Another 

explanation could be policies, which are less focused on safety or economic stability. Moreover, 

alcohol-impaired drivers could also be an explanation for the high number of motor vehicle 

accidents (Dollar et al., 2020; Mokdad et al., 2018). Besides that, in rural regions, people drive 

more, which increases the risk of accidents. Research by Woolf et al., (2019) shows that the 

deaths of despair in midlife age groups are a big contributor to the stalling life expectancy. In 

West Virginia especially the midlife age groups are contributing to the gap, which could be 

related to deaths of despair V01-Y89 (External causes of morbidity and mortality). Another 

factor that could explain the contribution of the older midlife age groups and the old age groups 

to the gap in life expectancy is the knowledge about the health risks and the belief in science as 

mentioned by Fenelon (2013). Additionally, inequalities in educational attainment could 

explain the big contribution of the cause of death E00-E88 (Endocrine, nutritional and 

metabolic disease) in Louisiana and West Virginia (Amarasinghe et al., 2009; Srikanthan et al., 

2016; Tomblin & Lewis, 2011). Montez et al., (2020) analyzed the influence of policies on 

public health, which could also be an explanation for the states with the lowest life expectancy. 
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In these states, social security, like labour protection and income security is less profound, 

which could have negative health effects.   

These findings support partially hypotheses 1 and 2 for the states with the lowest life 

expectancy for females. The middle-age adult age groups have a big contribution to the gap in 

life expectancy, however, the young adult age groups have a decreasing effect on the gap in life 

expectancy, which is related to the risks of the factors that cause the mortality disadvantage is 

only visible later in life. Besides that, the old age groups also are a part of the explanation of 

the gap in life expectancy. Additionally, in middle and young adult age groups, I00-I99 

(Diseases of the circulatory system) is a big contributor to the gap in life expectancy and also 

deaths of despair (V01-Y89) is a big contributor in these age groups, however, in this cause of 

death are all external causes of death included, which makes it also possible that motor vehicle 

accidents, for example, could be the biggest contributors to the gap in life expectancy instead 

of deaths of despair. The results show that the cause of death V01-Y89 (External causes of 

morbidity and mortality) is a big contributor to the gap in life expectancy, but the cause of death 

I00-I99 (Diseases of the circulatory system) has on average a bigger contribution to the gap in 

life expectancy, which shows that the results are not in line with hypothesis 3. This is caused 

by lifestyle factors, which could cause cardiovascular diseases later in life. 

 

4.3 Females pioneers  
Figure 6.5 shows that in North Dakota in the period 2003 to 2019 almost all age groups in the 

whole period are contributing to the gap in life expectancy. Especially the age groups 35-44, 

45-54 and 55-64 are contributing to the gap in life expectancy. However, the contribution of 

these age groups to the gap in life expectancy is decreasing in more recent years.  

Meanwhile, figure 6.6 shows that in Hawaii in the period 2003 to 2019 all age groups 

are contributing to the gap in life expectancy. During the whole period, all age groups have 

lower mortality rates than the national mortality rates. Especially the age groups 65-74 and 75-

84 are contributing on average around 50% to the difference in life expectancy.  

  Figure 7.5 shows that in North Dakota in the period 2003 to 2019 the causes of death 

C00-D48 (Neoplasms), I00-I99 (Diseases of the circulatory system), J00-J98 (Disease of the 

respiratory system) and V01-Y89 (External causes of morbidity and mortality) have a big and 

constant contribution to the gap in life expectancy. The other causes have on average a small 

or no contribution to the gap in life expectancy.  

 Figure 7.6 shows that in Hawaii in the period 2003 to 2019 the causes of death C00-

D48 (Neoplasms), I00-I99 (Diseases of the circulatory system), J00-J98 (Disease of the 

respiratory system) and V01-Y89 (External causes of morbidity and mortality) are the biggest 

contributors the gap in life expectancy. The causes of death I00-I99 (Diseases of the circulatory 

system), J00-J98 (Disease of the respiratory system) and V01-Y89 (External causes of 

morbidity and mortality) show a quite constant contribution to the gap in life expectancy during 

the whole period. The cause of death C00-D48 (Neoplasms) shows a decreasing effect in the 

contribution to the gap in life expectancy towards the end of the period. The causes of death 

A00-B99 (Certain infectious and parasitic diseases), E00-E88 (Endocrine, nutritional and 

metabolic disease), G00-G98 (Diseases of the nervous system), K00-K92 (Diseases of the 

digestive system) and R00-R99 (Symptoms, signs and abnormal clinical and laboratory 

findings, not elsewhere classified) also have a notable, although a bit lower, contribution to the 

gap in life expectancy. During the whole period, the contribution of the cause of death Q00-

Q99 (Congenital malformations, deformations and chromosomal abnormalities) is fluctuating, 

in some years with a low contribution, close to zero and in other years a contribution higher 

than 0.1 years.  

 Comparing the life expectancy of the states with the highest life expectancy for females, 

two different patterns are visible in Hawaii and North Dakota. In Hawaii, the age groups 65-74 
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and 75-84 are the biggest contributors to the gap in life expectancy. In North Dakota, the age 

groups 35-44, 45-54 and 55-64 are the biggest contributors to the mortality advantage. Besides 

that, in the pattern of the contribution of the causes of death in the gap in life expectancy Hawaii 

and North Dakota show similarities and differences. In both states, the causes of death C00-

D48 (Neoplasms), I00-I99 (Diseases of the circulatory system), J00-J98 (Disease of the 

respiratory system) and V01-Y89 (External causes of morbidity and mortality) have a big 

contribution to the gap in life expectancy. The differences are visible in that the causes of death 

A00-B99 (Certain infectious and parasitic diseases), E00-E88 (Endocrine, nutritional and 

metabolic disease) and G00-G98 (Diseases of the nervous system) contribute to the gap in life 

expectancy in Hawaii, however, in North Dakota, these causes of death have a much smaller 

contribution to the gap in life expectancy.  

 The two clusters of pioneer states could be explained by different factors. The reason 

that in Hawaii the older age groups are contributing the most to the gap in life expectancy could 

be related to migration, wealthier and healthier retirees migrate to spend their old days in 

Hawaii. The contribution of many causes of death such as A00-B99 (Certain infectious and 

parasitic diseases), C00-D48 (Neoplasms), I00-I99 (Diseases of the circulatory system), E00-

E88 (Endocrine, nutritional and metabolic disease), J00-J98 (Disease of the respiratory system) 

and V01-Y89 (External causes of morbidity and mortality) to the gap in life expectancy also 

show the migration pattern of healthy and wealthy migrants. Besides that, research by Wu et 

al., (2017) also shows the ‘salmon effect’, which shows outmigration of old sick immigrant 

groups, which go back to their home country, to be close to family and have access to cheaper 

health care. The pattern of outmigration could, therefore, have an effect on the mortality rates 

in the older age groups. North Dakota shows a different pattern compared to Hawaii, which 

could be explained by a more active lifestyle due to the rural nature of the state or a positive 

selection of migrants. In more recent years a decreasing trend in the midlife age groups is 

visible, which could be related to the cause of death V01-Y89 (External causes of morbidity 

and mortality), which is also mentioned in research by Harris et al., (2021). Another explanation 

for the big contribution of the causes of death I00-I99 (Diseases of the circulatory system), J00-

J98 (Disease of the respiratory system) and V01-Y89 (External causes of morbidity and 

mortality) to the gap in life expectancy could be related to the Healthy Hawaii Initiative. This 

programme strives for making the healthiest choice the easiest one, to promote a healthy 

lifestyle, it includes taxes on smoking, promoting physical activity and eating healthy, which 

decreases the risks of cardiovascular diseases and cancers, which are mainly present in the ages 

50 years and older. Besides that, the programme includes policies about avoiding car traffic 

around schools, which decreases car use and increases physical activity. This could also be an 

explanation for the big contribution of the cause of death V01-Y89 (External causes of 

morbidity and mortality) (Agner et al., 2020). In North Dakota, the big contribution of causes 

of death C00-D48 (Neoplasms) and I00-I99 (Diseases of the circulatory system) could be 

related to composition and context. For North Dakota it is not sure why North Dakota has low 

cancer rates, it could be related to the environment or related to less income inequality and 

social norms (Williamson & Ahmed, 2021; Xu et al., 2021).  

 The results for the pioneer states for females are partially in line with hypothesis 1, in 

some clusters of pioneer states especially the midlife age groups are contributing to the gap in 

life expectancy. However, the young adult age groups have a small contribution to the gap in 

life expectancy. Additionally, the results show that causes of death V01-Y89 (External causes 

of morbidity and mortality) and I00-I99 (Diseases of the circulatory system) have a big 

contribution to the gap in life expectancy. The results are also partially in line with hypothesis 

2, in one cluster the midlife age groups are the biggest contributors to the gap in life expectancy, 

however, in the other cluster especially the oldest age groups are the biggest contributors to the 

gap in life expectancy. The results for the pioneer states for females are not in line with 
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hypothesis 3 because the cause of death V01-Y89 (External causes of morbidity and mortality) 

is a big contributor to the gap in life expectancy but the cause of death I00-I99 (Diseases of the 

circulatory system) has on average a bigger contribution to the gap in life expectancy. The big 

contribution of I00-I99 (Diseases of the circulatory system) is caused by lifestyle factors.  

 

4.4 Males laggard  
Figure 8.1 shows that in the District of Columbia in the period 2003 to 2019 the age groups 1-

4 and 5-14 have a decreasing effect on the difference in life expectancy compared to the national 

life expectancy. The age groups 55-64 and 65-74 have the biggest contribution to the difference 

in life expectancy. The age group 35-44 has in the period 2003 to 2009 also a big contribution 

to the difference in life expectancy, however, after 2009, this age group has a decreasing effect 

on the gap in life expectancy.   

 Besides that, figure 8.2 shows that in Mississippi in the period 2003 to 2019 the age 

groups 1-4 and 5-14 have a small effect on the difference in life expectancy in comparison with 

the national life expectancy. The age groups 45-54, 55-64 and 65-74 are the biggest contributors 

to the difference in life expectancy. In Mississippi, the contribution of all age groups stays 

relatively constant over time.  

Figure 9.1 shows that in the District of Columbia in the period 2003 to 2019 the cause 

of death I00-I99 (Diseases of the circulatory system) has a high contribution to the gap in life 

expectancy. The cause of death V01-Y89 (External causes of morbidity and mortality) has a U-

shape contribution to the gap in life expectancy, the contribution is high in the period 2003 to 

2010, in the period 2011 to 2014 the cause of death has a decreasing contribution to the gap in 

life expectancy and in the period 2015 to 2019 an increasing contribution to the gap in the life 

expectancy. The causes of death A00-B99 (Certain infectious and parasitic diseases) and P00-

P96 (Certain conditions originating in the perinatal period) have a strongly decreasing 

contribution to the gap in life expectancy. The cause of death R00-R99 (Symptoms, signs and 

abnormal clinical and laboratory findings, not elsewhere classified) has on average in the years 

2003 to 2009 a relatively high contribution to the difference in life expectancy, however, after 

2009 the cause of death R00-R99 (Symptoms, signs and abnormal clinical and laboratory 

findings, not elsewhere classified) has a decreasing contribution to the gap in life expectancy.  

 Figure 9.2 shows that in Mississippi in the period 2003 to 2019 the cause of death C00-

D48 (Neoplasms), I00-I99 (Diseases of the circulatory system) have a big and constant 

contribution to the gap in life expectancy. The cause of death V01-Y89 (External causes of 

morbidity and mortality) also has a big and constant contribution, although much smaller than 

the previous causes of death.  

 The states with the lowest life expectancy show one pattern in the mortality 

disadvantage in the age groups. Both states show the pattern that the age groups 55-64 and 65-

74 are the biggest contributors to the mortality disadvantage. After 2009 the District of 

Columbia starts to deviate from this pattern and shows an increase in life expectancy, which 

could be related to the one city action plan, in which different health improvement actions are 

stated. Examples of these plans are reducing infant mortality, lowering the obesity rate and 

expanding access to quality health care. Another explanation could be that the District of 

Columbia is becoming more and more a transient city, thus an increase in immigration of white 

affluent migrants, which could have a positive effect on the mortality levels. Gentrification 

could also be an explanation, with more affluent white people entering the city and a decrease 

in the lower socioeconomic population, which affects mortality levels (Government of the 

District of Columbia, 2013; Jackson, 2014). 

 The mortality disadvantage in Mississippi could be explained by socioeconomic status. 

Mississippi has high poverty rates and rural isolation, which according to research by Fenelon 

(2013) affects the social and economic opportunities which could affect the health situation and 
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the mortality levels. The cause of death I00-I99 (Diseases of the circulatory system) has a big 

contribution to the gap in life expectancy which could be explained by socioeconomic status, 

low access to food stores, access to physical care facilities, and low prices of unhealthy food, 

which makes it more affordable, especially for people with low socioeconomic status (Akil & 

Ahmad, 2011). An unhealthy lifestyle could lead to higher obesity rates, which especially leads 

to an increase in old-age mortality levels, which is also shown in the research by Fenelon 

(2013). In the District of Columbia, it could be explained by physical inactivity, unhealthy diet 

and tobacco use as research by Kret et al., (2014) shows, which especially lead to an increase 

in old-age mortality levels. To decrease the effect of the influence of cardiovascular diseases 

on the contribution to the gap in life expectancy, a policy programme called Cardiovascular 

Disease and Diabetes Prevention Program is implemented (Kret et al., 2014). 

 The cause of death V01-Y89 shows a different pattern in the contribution to the gap in 

life expectancy. In the District of Columbia, the pattern is fluctuating and in Mississippi the 

pattern is constant. The contribution to the gap in life expectancy in Mississippi as research by 

Dollar et al., (2020) and Mokdad et al., (2018) show could be related to the accessibility of 

health care facilities in rural areas and alcohol-impaired drivers. Besides that, Mississippi is a 

rural state, which leads to higher car use, which could lead to a higher risk for traffic accidents.   

In the District of Columbia, the contribution to the gap in life expectancy is fluctuating, which 

could be related to the small population size in the District of Columbia. Another difference is 

that in the District of Columbia the causes of death A00-B99 (Certain infectious and parasitic 

diseases) and P00-P96 (Certain conditions originating in the perinatal period) have a decreasing 

contribution to the gap in life expectancy, and in Mississippi the contribution of these causes 

of death is constant. The decrease in the cause of death A00-B99 (Certain infectious and 

parasitic diseases) could be explained by more attention to the prevention, and treatment of 

HIV, and due to a needle exchange programme (Government of the District of Columbia 

department of health, n.d.). Besides that, an explanation for the differences in the contribution 

of causes of death between states could be the composition of the population and the 

implementation of health policies (Riddell et al., 2018).  

Analyzing the results shows that the states with the lowest life expectancy for males are 

only partly in line with hypotheses 1 and 2. The results show that especially the older midlife 

age groups and old age groups are contributing the most to the gap in life expectancy and the 

young age groups are decreasing or have a small effect on the gap in life expectancy. This could 

be related to implemented policies in the laggard states and in lifestyle, which leads to diseases 

which are only visible later in life. In the midlife age groups, the causes of death I00-I99 

(Diseases of the circulatory system) and V01-Y89 (External causes of morbidity and mortality) 

are big contributors to the gap in life expectancy and have a big influence on the gap in life 

expectancy.  

Additionally, the results are not in line with hypothesis 3 which states that the cause of 

death V01-Y89 (External causes of morbidity and mortality) is a big contributor to the gap in 

life expectancy, however, the cause of death I00-I99 (Diseases of the circulatory system) has 

on average a bigger contribution to the gap in life expectancy. This is caused by lifestyle factors, 

which cause cardiovascular diseases later in life.  

 

4.5 Males Pioneers  
Figure 8.3 shows that in Vermont in the period 2003 to 2019 all age groups have on average 

lower mortality rates compared to the national mortality rates, which could be related to the 

small size of the state’s population. The age groups 45-54 and 55-64 have the biggest 

contribution to the difference in life expectancy. On average the contribution of the higher 

middle age groups declined during the whole period.  
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In Utah, as can be seen in figure 8.4 in the period 2003 to 2019 all age groups have 

lower mortality rates compared to the national mortality rates. The age groups 55-64, 65-74 and 

75-84 are the biggest contributors to the gap in life expectancy. On average all age groups have 

a quite constant contribution to the gap in life expectancy.  

 Besides that, figure 8.5 shows that in North Dakota in the period 2003 to 2019 all age 

groups have on average lower mortality rates compared to the national mortality rates. The age 

groups 45-54 and 55-64 have the biggest contribution to the gap in life expectancy. In 2018 and 

2019 the effect of the contribution of these age groups decreased, and the contribution of the 

age groups 25-34 and 35-44 increased.  

 Finally, figure 8.6 shows that in Hawaii in the period 2003 to 2019 all age groups have 

lower mortality rates compared with the national mortality rates. The age groups 65-74 and 75-

84 are the biggest contributors to the gap in life expectancy. In the period 2003 to 2008 the age 

groups 55-64 is also a big contributor to the difference in life expectancy, however, after 2008 

the contribution of this age group decreases. All the other age groups show during the period a 

quite constant contribution to the difference in life expectancy.   

Figure 9.3 shows that in Vermont in the period 2003 to 2019 the cause of death I00-I99 

(Diseases of the circulatory system) has the biggest contribution to the gap in life expectancy. 

The contribution of I00-I99 (Diseases of the circulatory system) decreased during the period. 

The causes of death K00-K92 (Diseases of the digestive system), J00-J98 (Disease of the 

respiratory system) and V01-Y89 (External causes of morbidity and mortality) have a 

fluctuating contribution to the gap in life expectancy, in some years the contribution to the gap 

is high and in other years the contribution is low.  

 Figure 9.4 shows that in Utah in the period 2003 to 2019 the causes of death C00-D48 

(Neoplasms) and I00-I99 (Diseases of the circulatory system) have the biggest contribution to 

the gap in life expectancy, both causes of death show during the period a decrease in the 

contribution to the gap in life expectancy. The cause of death V01-Y89 (External causes of 

morbidity and mortality) has in the period 2003 to 2015 a negative or a small contribution to 

the gap in life expectancy. After 2015 the contribution to the gap in life expectancy is 

increasing. A stunning fact is that figures 9.2 and 9.4 show that Utah and Mississippi show the 

same pattern, in which both states show a strong contribution of the causes of death C00-D48 

(Neoplasms) and I00-I99 (Diseases of the circulatory system), however, in opposite directions.  

 Moreover, figure 9.5 shows that in North Dakota in the period 2003 to 2019 the causes 

of death C00-D48 (Neoplasms), I00-I99 (Diseases of the circulatory system) and V01-Y89 

(External causes of morbidity and mortality) have the biggest contribution to the gap in life 

expectancy. However, over time the contribution of these causes of death to the gap in life 

expectancy is fluctuating. The cause of death A00-B99 (Certain infectious and parasitic 

diseases) has also a big influence on the gap in life expectancy, this cause of death shows on 

average a decrease in the contribution to the gap in life expectancy over time.  

 Figure 9.6 shows in Hawaii in the period 2003 to 2019 the causes of death C00-D48 

(Neoplasms) and V01-Y89 (External causes of morbidity and mortality) have the biggest 

contribution to the gap in life expectancy. The cause of death I00-I99 (Diseases of the 

circulatory system) has at the beginning of the period a high contribution to the gap in life 

expectancy, which is decreasing over time. Besides that, it is striking that in Hawaii the 

mortality advantage is spread over many causes of death.  

 The four states with the highest life expectancy in the period 2003 to 2019 show two 

different patterns in the contribution to the gap in life expectancy in the age groups. In North 

Dakota and Vermont the age groups 45-54 and 55-64 are the main contributors to the mortality 

advantage. In Hawaii and Utah, the age groups 65-74 and 75-84 are the main contributors to 

the mortality advantage. In the contribution of the causes of death, similarities and differences 

are visible in every state. The different patterns could be explained by different factors. The 



 28 

mortality advantage in the midlife age groups in North Dakota and Vermont could be related 

to a more active lifestyle, which could be related to the rural nature of the state or a positive 

selection of migrants. The decreasing effect of the midlife age groups could be related to the 

increases in midlife mortality levels, related to deaths of despair (Harris et al., 2021). In 

Vermont, the low midlife mortality rates could also be related to the small population or the 

composition of the population (Woolf & Schoomaker, 2019). In Hawaii, the low mortality 

levels in the old age groups could be related to migration because wealthier and healthier 

retirees are migrating to Hawaii and old sick immigrants causing outmigration according to Wu 

et al., (2017). In figure 9.6 is also visible that in Hawaii the mortality advantage is spread over 

many causes of death like C00-D48 (Neoplasms), I00-I99 (Diseases of the circulatory system) 

and V01-Y89 (External causes of morbidity and mortality), which is in line with a general 

selected population of wealthy retirees, no specific cause of death is responsible for the big gap 

in life expectancy. A similarity among Vermont, Utah, North Dakota and Hawaii is that the 

cause of death I00-I99 (Diseases of the circulatory system) is a big contributor to the gap in life 

expectancy. In Hawaii the big contribution of the cause of death I00-I99 (Diseases of the 

circulatory system) to the gap in life expectancy could be explained by the Healthy Hawaii 

Initiative, which is a programme in which they making the healthiest choice the easiest one, to 

promote a healthy lifestyle. This includes taxes on smoking, promoting physical activity and 

eating healthy (Agner et al., 2020). In North Dakota, this could be explained by the 

environment, less income inequality and social norms (Xu et al., 2021). In Utah, the big 

contribution could be explained by low smoking rates and physically active people, which 

reduces the negative health effect of cardiovascular diseases (Yorgason et al., 2018). By 

reducing the mortality levels of the cause of death I00-I99 (Diseases of the circulatory system) 

the effects of the mortality advantage are especially visible in the age groups 50 years and older.  

 A difference is that in Hawaii and North Dakota the cause of death V01-Y89 (External 

causes of morbidity and mortality) is a big contributor to the gap in life expectancy. In Hawaii, 

this could be explained by the Healthy Hawaii Initiative, which includes policies about avoiding 

car traffic around schools, which decreases car use and increase activity. This could also be an 

explanation of the big contribution of the cause of death V01-Y89 (External causes of morbidity 

and mortality). However, in Vermont and Utah, this cause of death shows a more fluctuating 

pattern in the contribution to the gap in life expectancy, which in Vermont could be related to 

the small population size. Besides that, the rural environment could also have an influence on 

the fluctuating pattern because in a rural environment people drive more and could have more 

accidents. Another difference is that in North Dakota, Utah and Hawaii the cause of death C00-

D48 (Neoplasms) has a big contribution to the gap in life expectancy. In Utah, this could be 

related to low smoking prevalence and physically active people, which lead to lower mortality 

levels in old age groups (Yorgason et al., 2018). In Vermont, the cause of death C00-D48 

(Neoplasms) does not have a big contribution to the gap in life expectancy, which could be 

related that no policies are implemented in the previous period. In the next period, the policy 

the 2025 Vermont Cancer plan is implemented to reduce the burden of neoplasms (Vermont 

Department of Health, 2021). For North Dakota it is not sure why low cancer rates are present, 

it could be related to the environment or related to less income inequality and social norms 

(Williamson & Ahmed, 2021; Xu et al., 2021). 

 The results show that hypothesis 1 is partly accepted, which states that young and 

middle-aged adult age groups cause the gap in life expectancy, especially due to the causes of 

death V01-Y89 (External causes of morbidity and mortality) and I00-I99 (Diseases of the 

circulatory system).  In one cluster of states, the middle-aged adult age groups are the biggest 

contributor however in the other cluster the older age groups are the biggest contributor to the 

gap. In the younger and adult age groups, indeed the causes of death I00-I99 (Diseases of the 

circulatory system) and V01-Y89 (External causes of morbidity and mortality) are the biggest 
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contributors to the difference in life expectancy, which could be related to lifestyle and the 

socioeconomic status of the states. Hypothesis 2 is also partly accepted because in one cluster 

of pioneer states that midlife mortality is the biggest contributor to the gap in life expectancy, 

however, the other cluster shows that the oldest age groups are the biggest contributor. 

hypothesis 3 is rejected which is related to the fact that the contribution to the gap in life 

expectancy is higher for I00-I99 (Diseases of the circulatory system) than for V01-Y89 

(External causes of morbidity and mortality). 
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Figure 6: Age decomposition of the difference in life expectancy with national average 

females  

States with the lowest life expectancy for females in the period 2003 to 2019 

 

 

 
 

  

 
 

States with the highest life expectancy for females in the period 2003 to 2019 

 

 

 
 

 

 
 

 

Figure 6.2: Louisiana Figure 6.1: Alabama 

Figure 6.3: Mississippi  Figure 6.4: West Virginia 

Figure 6.5: North Dakota  

Source: Own figure based on CDC wonder and WHO Mortality database. 

 

Figure 6.6: Hawaii  
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Figure 7: Cause specific decomposition of the difference in life expectancy with national 

average females  

States with the lowest life expectancy for females in the period 2003 to 2019 

 

 

 
 

 

 

 
 

States with the highest life expectancy for females in the period 2003 to 2019 

 

 

 
 

 

 

 

 

Figure 7.1: Alabama  Figure 7.2: Louisiana 

Figure 7.3: Mississippi Figure 7.4: West Virginia  

Figure 7.5: North Dakota Figure 7.6: Hawaii 

Source: Own figure based on CDC wonder and WHO Mortality database. 
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Figure 8: Age decomposition of the difference in life expectancy with national average males 

States with the lowest life expectancy for males in the period 2003 to 2019 

 

 

 
 

States with the highest life expectancy for males in the period 2003 to 2019 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

Figure 8.1: District of Columbia 
Figure 8.2: Mississippi 

Figure 8.3: Vermont Figure 8.4: Utah 

Figure 8.5: North Dakota Figure 8.6: Hawaii 

Source: Own figure based on CDC wonder and WHO Mortality database. 
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Figure 9: Cause specific decomposition of the difference in life expectancy with national 

average males 

States with the lowest life expectancy for males in the period 2003 to 2019 

 

 

 
 

States with the lowest life expectancy for males in the period 2003 to 2019 

 

 

 
 

 

 

 
 

 

 

 

 

 

Figure 9.1: District of Columbia Figure 9.2: Mississippi 

Figure 9.3: Vermont Figure 9.4: Utah  

Figure 9.5: North Dakota Figure 9.6: Hawaii 

Source: Own figure based on CDC wonder and WHO Mortality database. 
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5. Conclusion 
The research focused on developments in life expectancy in the US and how geographical 

inequalities have developed in the period 1999 to 2020 by looking into the laggard and pioneer 

states. In this chapter, the research questions will be answered, and the limitations and 

recommendations of this research are mentioned. The main research question is “What drives 

changes and geographical inequalities in life expectancy across US states?” This thesis focused 

mainly on what makes specific US states laggards or pioneers in life expectancy between 1999 

and 2020.  

 

In conclusion, this research has found that geographical inequality for females has increased 

for males the geographical inequality has decreased in the period 1999 to 2020. For females, 

the increase in the gap in life expectancy could be explained by that the states with the highest 

life expectancy made more increase in life expectancy than the states with the lowest life 

expectancy, although it is a small difference. The decrease in the gap in life expectancy for 

males could be explained by policies, which increased the life expectancy in the laggard states.  

The differences in life expectancy in the laggard states for females are caused by one 

pattern in the age groups. The gap is mainly caused by older midlife and old age groups and the 

causes of death C00-D48 (Neoplasms), I00-I99 (Diseases of the circulatory system) and V01-

Y89 (External causes of morbidity and mortality). The pattern of being a laggard is caused by 

the socioeconomic situation, which affects lifestyle factors. Besides that, also the living context 

and the socioeconomic composition of the population have an effect on why a state is a laggard. 

The pioneer states for females show two different patterns in which age groups are 

contributing to the gap in life expectancy. One cluster of the pioneer states is caused by midlife 

age groups and the other cluster is caused by old age groups. In the pioneer states the causes of 

death C00-D48 (Neoplasms), I00-I99 (Diseases of the circulatory system), J00-J98 (Disease of 

the respiratory system) and V01-Y89 (External causes of morbidity and mortality) are big 

contributors to the gap in life expectancy. The two clusters of being a pioneer are related to 

migration and lifestyle factors, which influence the health situation.  

The laggard states for males, the mortality pattern in the age groups is similar in the 

period 2003 to 2009 and after that, it starts to deviate. The gap is mainly caused by older midlife 

and old age groups and the causes of death C00-D48 (Neoplasms), I00-I99 (Diseases of the 

circulatory system) and V01-Y89 (External causes of morbidity and mortality). The difference 

in the pattern is caused by differences in policies, one state is making progress in life expectancy 

and the other state is not making progress. The laggard position is also related to the 

socioeconomic situation and lifestyle factors, like food consumption and physical activity. 

The pioneer states for males show two patterns in the age groups in the contribution to 

the gap in life expectancy for males. One cluster is caused by midlife age groups and the other 

cluster is caused by old age groups. In the pioneer states for males, the causes of death C00-

D48 (Neoplasms) and I00-I99 (Diseases of the circulatory system) are the biggest contributors. 

The different patterns are related to lifestyle factors, like living context and migration.   

In all the states with the lowest and highest life expectancy differences are visible in the 

causes of death, which contributed the most to the difference in life expectancy besides the 

previously mentioned causes of death.  

5.1 Limitations  
Some points should be taken into account by interpreting the final results and conclusion of this 

research. An important point to consider is the geographical scale of the study. This study 

looked at differences in life expectancy at the state level. A disadvantage of looking at the state 

level is that the inequalities in life expectancy within states are not visible in this research 

anymore, which is related to the Modifiable Areal Unit Problem. This could affect that the 
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counties with the lowest or highest life expectancy are not in the states with the highest or 

lowest life expectancy, which influence the pattern of geographical inequality.  

 Another limitation of the research is that this research only focused on the states with 

the highest and lowest values of life expectancy, however, geographical inequality could also 

be increasing if the variability among the other states is increasing. When the variability is 

increasing, the states that are not laggards or pioneers have bigger gaps in life expectancy 

between them, which has an effect on the geographical inequality of life expectancy.  

 Besides that, a limitation of this research is that the data contains suppressed values, 

which did not have a big influence on the results by comparing the number of suppressed values 

with the national death numbers. The suppressed values are related to limited access to the data. 

However, by treating the data as mentioned in chapter 3, it was possible to do the analysis, 

although, it could lead to minor differences in the contribution of every cause of death and age 

group to the gap in life expectancy.  

 Another limitation is that the package DemoDecomp contains an issue which gives no 

contribution to the gap in life expectancy in the 85+ age group. The total gap in life expectancy 

which is calculated by the package will be the same when the 85+ age group is included, only 

the values of the other age groups will slightly change. Unfortunately, this could not be fixed 

for the final version of the thesis.  

 In this research, the geographical inequalities in life expectancy are only researched by 

looking into public health as an indicator for life expectancy, which is related to data limitations. 

However, more factors, like population composition, context and economic development have 

an influence on how life expectancy develops. By looking into the literature, it shows also that 

the composition, context and socioeconomic situation have an influence on why some states 

are laggards or pioneers in life expectancy. By including more factors in the analyses, it will be 

better possible to see which other factors also influence life expectancy and in which causes of 

death and age groups these factors have a big contribution to the gap in life expectancy.  

 

5.2 Further research and policy recommendations  
Further research should be on which factors explain the gap in life expectancy, especially for 

the states which are pioneers in life expectancy. This research shows that for the laggard states, 

much research is done into why these states are lagging. On the other hand, for some of the 

pioneering states, few explanations are available to explain why these states are pioneers in life 

expectancy. Focusing more on why states are pioneer states, it could help policymakers to make 

policies to decrease the gap in life expectancy or it could show policymakers if the policies are 

causing the mortality advantage or not.   

For policymakers, it is recommended to look into which age groups and which causes 

of death contribute to the decreasing or stalling or increasing life expectancy, to make policies 

to increase life expectancy or to see how policies are over time influencing life expectancy 

developments. Especially in the states who are lagging in life expectancy policymakers should 

focus on decreasing the effect of the cause of death I00-I99 (Diseases of the circulatory system) 

on the gap in life expectancy. Policymakers could use this knowledge to implement policies 

which are making healthier lifestyles possible.  

  For the pioneer states, policymakers could use this research to see which age groups 

and causes of death already have a mortality advantage and in which age groups, and compare 

themselves with other pioneer states which show a different pattern in being a pioneer state and 

learn from each other. Policymakers could use this to implement specific plans to increase the 

healthy lifestyle for the old age groups or for the midlife age groups or to improve traffic safety. 

By implementing the policies at the state level, policymakers could focus first on what is the 

biggest contributor to the gap in life expectancy in a specific state and try to solve this.  
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Appendix 1 Proportion minimum and maximum suppressed cells 
Table 4: Proportion minimum and maximum suppressed cells for every age groups in a year 

for females  

 <1  1-4 5-14 15-

24 

25-

34 

35-

44 

45-

54 

55-

64 

65-

74 

75-

84 

85+ 

1999 Min 

0.5 

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.45 

Max 

1 

Min 

0.25 

Max 

1 

Min 

0.25 

Max 

0.9 

Min 

0.3 

Max 

0.85 

Min 

0.25 

Max 

0.85 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.75  

2000 Min 

0.5 

Max 

1 

Min 

0.65  

Max 

1 

Min 

0.55 

Max 

1 

Min 

0.45 

Max 

1 

Min 

0,3 

Max 

1 

Min 

0,25  

Max 

0,85 

Min 

0,25  

Max 

0.85 

Min 

 0.25 

Max 

0.9 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.7  

Min 

0.25 

Max 

0.8  

2001 Min 

0.45 

Max 

1 

Min 

0.65  

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.45 

Max 

1 

Min 

0.3  

Max 

1 

Min 

0.25  

Max 

0.9 

Min 

0.25  

Max 

0.85 

Min 

 0.2 

Max 

0.85 

Min 

0.25 

Max 

0.8 

Min 

0.25  

Max 

0.75 

Min 

0.25  

Max 

0.70   

2002 Min 

0.45 

Max 

1 

Min 

0.65  

Max 

1 

Min 

 0.65 

Max 

1 

Min 

0.35 

Max 

0.95 

Min 

0.25  

Max 

0.95 

Min 

0.25  

Max 

0.85  

Min 

0.25  

Max 

0.85 

Min 

 0.25 

Max 

0.80 

Min 

0.25  

Max 

0.75 

Min 

 0.25 

Max 

0.7 

Min 

0.25  

Max 

0.7 

2003 Min 

0.55 

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.35 

Max 

0.95 

Min 

0.25  

Max 

0.95 

Min 

0.2  

Max 

0.95 

Min 

0.25 

Max 

0.85 

Min 

 0.25 

Max 

0.80 

Min 

0.25  

Max 

0.75 

Min 

0.25  

Max 

0.75 

Min 

0.25  

Max 

0.65 

2004 Min 

0.45 

Max 

1 

Min 

0.65  

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.4 

Max 

1 

Min 

0.25 

Max 

1 

Min 

0.25 

Max 

0.9 

Min 

0.2 

Max 

0.85 

Min 

 0.25 

Max 

0.8 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.65 

Min 

0.25  

Max 

0.7 

2005 Min 

0.45 

Max 

1 

Min 

0.65  

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.35 

Max 

0.95 

Min 

0.25  

Max 

0.95 

Min 

0.25 

Max 

0.95 

Min 

0.2 

Max 

0.75 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.65 

Min 

0.25 

Max 

0.65 

2006 Min 

0.5 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.4 

Max 

1 

Min 

0.25 

Max 

1 

Min 

0.2 

Max 

0.9 

Min 

0.25 

Max 

0.85 

Min 

0.25 

Max 

0.85 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.65 

2007 Min 

0.45 

Max 

1 

Min 

0.6  

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.4  

Max 

1 

Min 

0.3 

Max 

0.95 

Min 

0.25 

Max 

0.9 

Min 

0.2 

Max 

0.85 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.55 

Min 

0.25 

Max 

0.6 

2008 Min 

0.5 

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.65  

Max 

1 

Min 

0.4 

Max 

0.95 

Min 

0.25  

Max 

1 

Min 

0.25  

Max 

0.95 

Min 

0.25  

Max 

0.85 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.60 

Min 

0.25 

Max 

0.60 

2009 Min 

0.55 

Max 

1 

Min 

0.7 

Max 

1 

Min 

0.6  

Max 

1 

Min 

0.45  

Max 

0.9 

Min 

0.3 

Max 

1 

Min 

0.25 

Max 

0.95 

Min 

0.2  

Max 

0.85 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.6 

Min 

0.25  

Max 

0.6 
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2010 Min 

0.55 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.4  

Max 

1 

Min 

0.3 

Max 

1 

Min 

0.25 

Max 

1 

Min 

0.25 

Max 

0.85 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.55 

2011 Min 

0.55 

Max 

1 

Min 

0.6  

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.4 

Max 

1 

Min 

0.3 

Max 

0.95 

Min 

0.25 

Max 

1 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.75 

Min 

0.25  

Max 

0.7 

Min 

0.25 

Max 

0.55 

2012 Min 

0.55 

Max 

1 

Min 

0.7 

Max 

1 

Min 

0.7 

Max 

1 

Min 

0.4 

Max 

1 

Min 

0.3 

Max 

0.95 

Min 

0.25  

Max 

0.9 

Min 

0.2 

Max 

0.85 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.65 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.6 

2013 Min 

0.6 

Max 

1 

Min 

0.7 

Max 

1 

Min 

0.7 

Max 

1 

Min 

0.4 

Max 

1 

Min 

0.25 

Max 

1 

Min 

0.25 

Max 

0.9 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.7 

Min 

0.25  

Max 

0.7 

Min 

0.25  

Max 

0.65 

Min 

0.25 

Max 

0.5 

2014 Min 

0.65 

Max 

1 

Min 

0.75 

Max 

1 

Min 

0.7 

Max 

1 

Min 

0.45 

Max 

1 

Min 

0.25 

Max 

0.95 

Min 

0.25 

Max 

1 

Min 

0.2 

Max 

0.8 

Min 

0..25 

Max 

0.6 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.55 

2015 Min 

0.6 

Max 

1 

Min 

0.7 

Max 

1 

Min 

0.7 

Max 

1 

Min 

0.4 

Max 

1 

Min 

0.25 

Max 

0.95 

Min 

0.25 

Max 

0.9 

Min 

0.2 

Max 

0.85 

Min 

0.25 

Max 

0.7 

Min 

0.25  

Max 

0.65 

Min 

0.25 

Max 

0.55 

Min 

0.25 

Max 

0.5 

2016 Min 

0.6 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.4 

Max 

0.95 

Min 

0.25 

Max 

0.95 

Min 

0.25 

Max 

0.9 

Min 

0.2 

Max 

0.85 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.65 

Min 

0.25 

Max 

0.65 

Min 

0.25 

Max 

0.5 

2017 Min 

0.55  

Max 

1 

Min 

0.75 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.4  

Max 

0.95 

Min 

0.25 

Max 

0.95 

Min 

0.25 

Max 

0.95 

Min 

0.25 

Max 

0.85 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.65 

Min 

0.25 

Max 

0.55 

Min 

0.25 

Max 

0.5 

2018 Min 

0.6 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.45 

Max 

1 

Min 

0.25 

Max 

0.95 

Min 

0.25 

Max 

0.9 

Min 

0.25 

Max 

0.85 

Min 

0.25 

Max 

0.65 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.55 

2019 Min 

0.55 

Max 

1 

Min 

0.7 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.5  

Max 

1 

Min 

0.25 

Max 

0.95 

Min 

0.25 

Max 

0.95 

Min 

0.25 

Max 

0.85 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.55 

Min 

0.25 

Max 

0.5 

2020 Min 

0.6 

Max 

1 

Min 

0.8 

Max 

1 

Min 

0.7 

Max 

1 

Min 

0.4 

Max 

1 

Min 

0.2 

Max 

0.95 

Min 

0.2 

Max 

0.9 

Min 

0.2  

Max 

0.85 

Min 

0.2  

Max 

0.65 

Min 

0.2 

Max 

0.55 

Min 

0.2 

Max 

0.45 

Min 

0.2 

Max 

0.45 

Source: Own table based on CDC wonder database 
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Table 5: Proportion minimum and maximum suppressed cells for every age groups in a year 

for males 

 <1  1-4 5-14 15-

24 

25-

34 

35-

44 

45-

54 

55-

64 

65-

74 

75-

84 

85+ 

1999 Min 

0.45 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.55 

Max 

1 

Min 

0.40 

Max 

0.95 

Min 

0.3 

Max 

0.95 

Min 

0.3 

Max 

0.85 

Min 

0.3 

Max 

0.8 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.85  

2000 Min 

0.45 

Max 

0.95 

Min 

0.55  

Max 

1 

Min 

 0.55 

Max 

1 

Min 

0.45 

Max 

0.95 

Min 

0.3  

Max 

0.95 

Min 

 0.3 

Max 

0.85  

Min 

0.3  

Max 

0.85 

Min 

0.25 

Max 

0.8 

Min 

 0.25 

Max 

0.7 

Min 

0.25  

Max 

0.65  

Min 

 0.25 

Max 

0.85 

2001 Min 

0.45 

Max 

1 

Min 

0.65  

Max 

1 

Min 

0.55  

Max 

1 

Min 

0.4 

Max 

1 

Min 

0.30 

Max 

0.95 

Min 

0.25  

Max 

0.85 

Min 

0.25  

Max 

0.85 

Min 

0.25  

Max 

0.70 

Min 

0.25  

Max 

0.75 

Min 

0.25  

Max 

0.70 

Min 

 0.25 

Max 

0.85 

2002 Min 

0.4 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.55 

Max 

1 

Min 

0.4 

Max 

0.95 

Min 

0.35  

Max 

0.95 

Min 

0.3  

Max 

0.9 

Min 

0.25  

Max 

0.8 

Min 

 0.25 

Max 

0.7 

Min 

0.25  

Max 

0.75 

Min 

0.25  

Max 

0.70 

Min 

0.25  

Max 

0.85 

2003 Min 

0.50 

Max 

0.95 

Min 

0.55  

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.45 

Max 

0.95 

Min 

0.3  

Max 

0.95 

Min 

0.25  

Max 

0.85 

Min 

0.25  

Max 

0.8 

Min 

 0.25 

Max 

0.70 

Min 

0.25 

Max 

0.70 

Min 

0.25 

Max 

0.65 

Min 

0.25  

Max 

0.85 

2004 Min 

0.45 

Max 

0.95 

Min 

0.6  

Max 

1 

Min 

0.6  

Max 

1 

Min 

0.4  

Max 

0.95 

Min 

0.35 

Max 

0.95 

Min 

0.25 

Max 

0.95 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.8 

2005 Min 

0.45 

Max 

1 

Min 

0.65  

Max 

1 

Min 

0.5  

Max 

1 

Min 

0.4 

Max 

0.95 

Min 

0.35  

Max 

0.95 

Min 

0.3 

Max 

0.9 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.70 

Min 

0.25 

Max 

0.65 

Min 

0.25  

Max 

0.75 

2006 Min 

0.4 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.4  

Max 

0.95 

Min 

0.3 

Max 

0.95 

Min 

0.25 

Max 

0.9 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.7 

Min 

0.25  

Max 

0.65 

Min 

0.25 

Max 

0.6 

Min 

0.25  

Max 

0.55 

2007 Min 

0.45  

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.4 

Max 

0.95 

Min 

0.3 

Max 

0.95 

Min 

0.3 

Max 

0.9 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.7 

Min 

0.25  

Max 

0.6 

Min 

0.25 

Max 

0.65 

2008 Min 

0.45 

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.6  

Max 

1 

Min 

0.4 

Max 

0.95 

Min 

0.35 

Max 

0.95 

Min 

0.3  

Max 

0.9 

Min 

0.25 

Max 

0.8 

Min 

 0.25 

Max 

0.7 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.55 

Min 

0.25 

Max 

0.75 

2009 Min 

0.55 

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.6  

Max 

1 

Min 

0.45 

Max 

0.95 

Min 

0.3 

Max 

0.95 

Min 

0.3 

Max 

0.9 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.7 

Min 

0.25  

Max 

0.65 

Min 

0.25 

Max 

0.55 

Min 

0.25 

Max 

0.75 
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2010 Min 

0.5  

Max 

1 

Min 

0.7 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.45  

Max 

0.95 

Min 

0.35  

Max 

0.95 

Min 

0.3 

Max 

0.85 

Min 

0.25  

Max 

0.85 

Min 

0.25 

Max 

0.65 

Min 

0.25 

Max 

0.65 

Min 

0.25 

Max 

0.65 

Min 

0.25 

Max 

0.7 

2011 Min 

0.45 

Max 

1 

Min 

0.6  

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.45 

Max 

0.95 

Min 

0.35 

Max 

0.95 

Min 

0.3  

Max 

0.85 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.65 

Min 

0.25 

Max 

0.65 

Min 

 0.25 

Max 

0.7 

2012 Min 

0.45 

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.65  

Max 

1 

Min 

0.45 

Max 

0.95 

Min 

0.3 

Max 

0.95 

Min 

0.3 

Max 

0.95 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.7 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.75 

2013 Min 

0.5  

Max 

1 

Min 

0.7 

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.4 

Max 

0.95 

Min 

0.3 

Max 

0.95 

Min 

0.3 

Max 

0.9 

Min 

0.25 

Max 

0.75 

Min 

0.25  

Max 

0.6 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.55 

Min 

0.25  

Max 

0.7 

2014 Min 

0.5 

Max 

1 

Min 

0.65  

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.45 

Max 

0.95 

Min 

0.3 

Max 

0.95 

Min 

0.25 

Max 

0.9 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.65 

Min 

0.25  

Max 

0.65 

Min 

0.25  

Max 

0.55 

Min 

0.25  

Max 

0.65 

2015 Min 

0.5 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.45  

Max 

0.95 

Min 

0.3 

Max 

0.95 

Min 

0.3 

Max 

0.9 

Min 

0.25 

Max 

0.75 

Min 

0.25 

Max 

0.65 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.55 

Min 

0.25 

Max 

0.6 

2016 Min 

0.55 

Max 

1 

Min 

0.65  

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.4  

Max 

0.95 

Min 

0.3  

Max 

0.95 

Min 

0.3 

Max 

0.9 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.6 

Min 

0.25  

Max 

0.55 

Min 

0.25  

Max 

0.7 

2017 Min 

0.5  

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.6 

Max 

1 

Min 

0.45 

Max 

0.95 

Min 

0.35 

Max 

0.95 

Min 

0.35 

Max 

0.9 

Min 

0.25 

Max 

0.8 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.55 

Min 

0.25 

Max 

0.55 

2018 Min 

0.55 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.65  

Max 

1 

Min 

0.5 

Max 

0.95 

Min 

0.3 

Max 

0.95 

Min 

0.25  

Max 

0.9 

Min 

0.25 

Max 

0.85 

Min 

0.25 

Max 

0.65 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.55 

Min 

0.25 

Max 

0.55 

2019 Min 

0.55 

Max 

0.95  

Min 

0.6 

Max 

1 

Min 

0.65  

Max 

1 

Min 

0.4 

Max 

0.95 

Min 

0.3 

Max 

0.95 

Min 

0.25 

Max 

0.85 

Min 

0.25  

Max 

0.8 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.55 

Min 

0.25 

Max 

0.6 

Min 

0.25 

Max 

0.65 

2020 Min 

0.5 

Max 

1  

Min 

0.65 

Max 

1 

Min 

0.65 

Max 

1 

Min 

0.35 

Max 

0.95 

Min 

0.25 

Max 

0.95 

Min 

0.25 

Max 

0.85 

Min 

0.2 

Max 

0.75 

Min 

0.2  

Max 

0.6 

Min 

0.2 

Max 

0.5 

Min 

0.2 

Max 

0.5 

Min 

0.2  

Max 

0.6 

Source: Own table based on CDC wonder database. 
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Appendix 2 Regression output suppressed cells  
 

Table 6: Regression output  

 
Source: Own table based on CDC wonder and WHO Mortality database. 
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Appendix 3 Map of the US states  
Figure 10: Map of the US states 

 
Source: (OntheWorldMap, 2020).  

 
 

 


	Abstract
	Preface
	List of figures
	List of tables
	List of abbreviations
	1. Introduction
	1.1 Background
	1.2 Academic relevance
	1.3 Research objective
	1.4 Research questions
	1.4.1 Main research question
	1.4.2 Subquestions

	1.5 Structure

	2. Theoretical framework
	2.1 Theoretical background
	2.1.1 Health transition
	2.1.2 Epidemiological transition theory
	2.1.3 Divergence and convergence in mortality

	2.2 Previous studies
	2.2.1 Previous evolution of US Life expectancy

	2.3 Conceptual model
	2.4 Hypotheses

	3. Data and methodology
	3.1 Study design
	3.2 Setting
	3.3 Databases
	3.3.1 CDC Wonder database
	3.3.2 WHO Mortality Database

	3.4 Data validation
	3.6 Ethical considerations
	3.7 Methods
	3.7.1 Life expectancy
	3.7.2 Life table analysis
	3.7.3 Decomposition


	4. Results and discussion
	4.1 Geographical inequalities
	4.1.1 Convergence and divergence
	4.1.2 Lowest and highest life expectancy

	4.2 Females laggard
	4.3 Females pioneers
	4.4 Males laggard
	4.5 Males Pioneers

	5. Conclusion
	5.1 Limitations
	5.2 Further research and policy recommendations

	References
	Appendix 1 Proportion minimum and maximum suppressed cells
	Appendix 2 Regression output suppressed cells
	Appendix 3 Map of the US states

