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ABSTRACT 

The Developmental Origins of Health and Disease hypothesis asserts that there is a 

relationship between early life stressors and adult health. In this study, linear enamel 

hypoplasias (LEH) are used to test if there is a relationship between LEH and premature 

mortality in a human skeletal sample. Analyses were performed in the mandibular canine of 

145 male adult individuals of an urban population from the 19th and first half of the 20th 

century, from an identified human skeletal collection. Cause of death, socio-economic status 

(SES) of the individuals, inferred by their occupation and year of birth were the variables 

tested as possible confounders in the relationship between the presence of LEH and 

premature mortality. 

There was found a statistical significant difference in average age at death between 

individuals with and without LEH. The socio-economic status of the individuals with LEH 

does not seem to affect their age at death. When analyzing the individuals according to their 

cause of death, it is only in the group of individuals who died from infectious diseases that 

there is a statistical significant difference in average age at death between individuals with 

and without LEH. The obtained results are compatible with the hypothesis of a premature 

mortality in individuals with LEH that apparently cannot be explained by their SES.  
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CHAPTER 1 - INTRODUCTION 

 

The study of stress indicators, such as linear enamel hypoplasias (LEHs) can provide 

important information regarding past human adaptation that will reflect the biological, cultural 

and environmental factors that interact with a certain population (Ribot and Roberts, 1996) 

and are of vital importance to understand the variation of adaptive success of human 

population (Wood et al., 1992) as well as the evolutionary significance of variation in human 

developmental processes. 

The study of teeth is important because they are the most abundant bioarcheological 

elements at our disposable and are particularly useful in studies of patterns of morbidity and 

mortality in past populations. Additionally there are only few factors – loss of tooth, dental 

attrition, loss of height in enamel crowns or dental abrasion – that result in loss of information 

(Armelagos, et al., 2009), because they are the “least affected human skeleton element 

during interment” (El-Najjar et al., 1978: 185) and because there is no internal biological 

event that can change mature enamel (Blakey et al., 1994). Since enamel does not remodel 

(Blakey and Armelagos, 1985), it is a more reliable indicator of development disruption than 

any other osteological indicator.  

The importance of the use of LEHs, as non-specific indicator of physiological stress in 

such studies is well pointed out by Armelagos and coworkers (2009), that is precisely the 

non-specific nature of the etiology of LEH that makes it such a good indicator of physiological 

disruption as well as it makes LEH a tool to interpret the adaptive and functional 

consequences of physiological disruption (Hindle, 1998). 

The knowledge of how nutrition and physiological stress in intra-uterine life and 

childhood affects the onset of adult diseases that are considerer epidemic in developed 

countries of the XXI century, such as diabetes, obesity and cardiovascular diseases, can 

bring enormous changes to public health policy, since it can be provide estimates of early-life 

factors that impact the determination of later risk of disease (Gluckman, et al., 2008). So, the 

result of these investigations can result in a direct impact on prevention of chronic diseases 

as well as promoting health in different stages of life (Silveira et al., 2007). 

The Developmental Origins of Health and Disease hypothesis (DOHaD) states that in 

utero and early life conditions affect adult health and disease. DOHaD is of fundamental 

importance to human biology, because it is connected with key issues such as the 

nature/nurture dichotomy; the constraints and adaptation of diseases; the mechanisms of 

energy mobilization; the mechanism of cellular “memory” of fetal and infant events; the 
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understanding of the notion of trade-offs when survival is at stake; and questions of 

environmental predictability or determinism (Lebenthal and Bier, 2007).  

The main aim to this study is to find evidences that consolidate the DOHaD in skeletal 

.samples using the possible existence of a relationship between LEH and age at death that 

cannot be justified by a differential pattern of social/cultural exposure to stressful events in 

adult life.  

 

1.1. The Development Origins of Health and Disease Hypothesis 

 

When David Barker and Clive Osmond examined the Atlas of Mortality from 

Selected Diseases in England and Wales, 1968-1978, they first realized that there was a 

geographic pattern in the distribution of cardiovascular diseases, as well as a connection 

between heart disease mortality rates and infant mortality rates six decades earlier 

(Barker and Osmond, 1986).  

Although they were not the first to associate early life conditions and adult health 

(Forsdahl, 1977), it was their systematic studies (Barker and Osmond, 1986) and 

posterior validation of their findings (Barker et al., 1989a; Barker et al., 1989b) that 

originated the so-called Barker Hypothesis, that stated the existence of a geographical 

pattern that connected past infant mortality and present mortality from cardiovascular 

diseases could be explained by the presence “of adverse environmental influences in 

utero and during infancy, associated with poor living standards, directly increased 

susceptibility to the disease” (Barker, 2007: 413). 

Additionally, Barker (2007) defends that undernutrition in utero and infancy is a 

plausible cause for the increased susceptibility to cardiovascular diseases in adult life, by 

changing – with permanent character – the metabolism, physiology and body structure, 

through a mechanism called developmental plasticity. The developmental plasticity is the 

“ability of a single genotype to produce more than one alternative form of morphology, 

physiological state, and/or behavior in response to environmental conditions” (West-

Eberhard, 1989: 249). This plasticity is essential, in evolutionary terms, since it allows the 

production of better suitable phenotypes to adjust into different environments (Barker, 

2007). 

The Thrifty Phenotype hypothesis was first proposed by Hales and Barker (1992) 

and later reformulated by Gluckman and Hanson (2005), which defended that changes in 

intrauterine environment causes an adaptation of the fetus to enhance his immediate 

chances of survival, that although being beneficial at the moment, could later in life 

manifest in deleterious ways. This is a Predictive Adaptive Response (PAR). At the light 
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of this hypothesis it is the mismatch between the predictions made by the fetus of what 

will be his future environment and the real environment he will have to face in adult life, 

which will result in higher susceptibility to certain diseases. 

This is not a consensus matter, because not all developmental plasticity can be 

seen as adaptive (Bateson and Martin, 1999) and may well be the reflection of the 

disruption of a normal process of development and not the result of any kind of 

adaptation (Joseph and Kramer, 1996). So, the metabolic changes that affects the fetus 

or the child will aid them to survive to the period of stress although will have a negative 

impact on their health as they grow older (Armelagos et al., 2009) as a by-product of the 

fetal adjustment to improve survival.  

Nowadays, the Barkers Hypothesis as been reformulated as the Development 

Origins of Health and Disease Hypothesis (DOHaD), mainly because many of the 

physiological adaptations resulting from stress only occur in the post-natal phase of 

development (Armelagos et al., 2009; Gluckman and Hanson, 2006). 

Stress is a physiological response (Levi, 1972) which is believed to be adaptive, 

because it rearranges organism’s response to a certain environmental condition 

(Goodman et al., 1980). The effects of long periods of stress can cause physiological 

changes that may increase morbidity and mortality (Christian, 1968). Stress, as a 

physiological perturbation, can result in growth disruption (Goodman et al., 1980) and 

enamel hypoplasia is one of the possible results. Although the relationship between 

growth disruption caused by physiological stress in infancy and childhood and an 

increased mortality rates in adulthood is now widely accepted, as the consequence of the 

results of several studies devoted to this field (White 1978; Rose et al., 1978; Goodman 

et al., 1980; Goodman et al., 1984; Duray, 1996; Palubeckaitë, 2001; Slaus et al., 2002; 

Steckel, 2005) there are some difficulties in the interpretation of the mechanisms that 

causes this relationship, that cannot be easily overcome at this stage of our knowledge. 

Indeed, three different mechanisms are presented by Goodman and Armelagos and 

coworkers (Goodman, 1989; Armelagos et al., 2009) as possible explanations to the 

relationship between early life stressor and premature mortality. In the first case it is 

possible that some individuals exhibit some sort of physical frailty that makes them more 

susceptible to the hypoplasias as well as make them die younger. In the second case this 

relationship could be an indicator of differences in social/cultural environments, where the 

individual continued to be exposed to the same stressful factors that caused the 

hypoplasias. In the third case, which is the mechanism defended by DOHaD, the 

physiological stressing that causes the hypoplasia is responsible for a decreased 

capacity of the individual to respond to future stress. It is possible that the stress episode 
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that caused the hypoplasia would biologically damage the immune system of the 

individual (Duray, 1996). 

 

1.2. Linear Enamel Hypoplasias formation and etiology 

 

According to Massler and coworkers (Massler, Schour and Poncher 1941 and 

Schour and Massler 1940 in Blakey and Armelagos, 1985) the normal development of 

dental enamel is regular and sequential. The ameloblasts (enamel-forming cells) apposite 

consecutive horizontal bands of enamel in the cement-enamel junction (CEJ) in a regular 

ring-like fashion and each band represent a period of growth and development. Since it is 

known the age of the beginning of the development of each tooth as well as the period of 

time that each tooth needs to complete its formation (Goodman et al., 1984), it is possible 

to record at what  age the physiological stress occurred (Blakey and Armelagos, 1985) 

and additionally, the enamel defects can only occur at the time of matrix formation (El-

Naijar et al., 1978). The process of enamel formation (amelogenesis) is divided in two. 

First there is the production of the basic structure of the enamel crown (matrix) by the 

ameloblasts. Second there is the maturation (Skinner and Goodman, 1992). The 

hypoplasias result from the disturbance of ameloblasts function during the enamel matrix 

production (Skinner and Goodman, 1992) when cells switch over to maturation earlier 

than normal (Hillson, 1986). Dental enamel hypoplasia is a consequence of the 

temporary disruption in ameloblast activity, which results in a deficiency on enamel 

thickness that result in a depression that may be continuous (line or band) or 

discontinuous (pitted) (Goodman et al., 1980), normally attributed to the stress that 

occurs during infancy and childhood (Cunha et al., 2004).  

Linear enamel hypoplasias (LEHs) are considered to be non-specific indicators of 

stress, because of the wide variety of factors that can cause a disruption of the normal 

function of the ameloblasts, such as nutritional deficiencies, disease, congenital 

abnormalities and trauma (Goodman and Rose, 1990). Presently, there is no way to 

distinguish what specific cause is in the origin of a specific hypoplasia (Armelagos et al., 

2009). As enamel does not recover/remodel after the injury, it supplies a permanent 

record of stress, which is an advantage relatively to other indicators of systemic 

pathology (Blakey and Armelagos, 1985).  

There is a higher frequency of hypoplastic defects on the middle third of the 

crown (Goodman and Armelagos, 1985) and a lowest frequency in incisal/occlusal third 

(Hindle 1998). There is a possible explanation for this within-tooth hypoplastic pattern. 
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“Enamel is laid down initially in dome-like increments at the incisal edge” (Hindle, 1998: 

39) hiding those increments that were formed earlier, so “that the first year and a half of 

the incisor and canine crown formation are not expressed on the surface of the tooth” 

(Skinner and Goodman, 1992: 164). For this reason it is very difficult to find peak-ages of 

hypoplastic occurrences. Goodman also suggests that this within-tooth hypoplastic 

pattern can be due to morphological and physiological factors, like prism length, prism 

direction angle and number of secretory ameloblasts at a certain location on the tooth 

crown (Goodman, 1989). Apparently long prisms are most hypoplastic and the longest 

prisms are in the middle third of the tooth (Goodman, 1989). 

Deciduous enamel development begins in the fifth pre-natal month and ends 

between the 10th and the 12th post-natal month, whereas the permanent dentition begins 

its developmental stage at birth and ends between the 12th and 16th year (Blakey and 

Armelagos, 1985). So, dental enamel provides e permanent record of an organism’s 

response to physiological and chemical conditions from the second intra-uterine trimester 

through early childhood (Armelagos et al., 2009: 265).  Except for the deciduous 

dentition, which permits the study of stress episodes in pre-natal life, most studies are 

limited to the stress events recorded in the permanent dentition that happened in infancy 

and childhood, which is a period that some cohort studies indicate as too late to observe 

the effects of stress in adult mortality (Armelagos et al., 2009). 

 

1.3. Linear Enamel Hypoplasias and premature mortality 

 

According to Armelagos and coworkers (Armelagos et al., 2009) Professor Tim 

White was the first to find evidence that suggested a relationship between LEH and 

premature mortality, in his study of Australopithecine first molars, in 1978, where he 

establishes that individuals with LEH died between the ages of 4 to 10 and individuals 

with no LEH died between 8 and 31. Goodman used this data to calculate the mean age 

at death, which was 7.8 for individuals with LEH and 19.6 for those without LEH 

(Goodman, 1996) 

Cook and Buikstra analyzed deciduous teeth of 170 children (from 100 BC to 500 

AD) in a study published in 1979, whose data was used by Armelagos and coworkers 

(Armelagos et al 2009) to construct a survivorship curve, in which “it is evident that the 

survivorship of those without hypoplasias is greater” (Armelagos et al., 2009: 266). 

Goodman reviewed a series of studies of enamel hypoplasia at Dickson Mound, 

Illinois (950-1300 AD) where the mean age at death of individuals with no hypoplasias 
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was 35.8, whereas individuals with one hypoplasia had 31.4 and 25.6 for those with two 

or more. (Goodman, 1989). 

The Santa Catarina de Guale (a 16th/17th century Franciscan mission in Northern 

America), dental material showed that adults had lesser hypoplasias than sub-adults 

(under 18) – from 5% to 12%, depending on the tooth type, with the exception of the 

mandibular canine. There were no statistically significant differences (chi-square: all 

values of p > 0.05) (Simpson et al., 1990). 

The analyzes of permanent dentition of 143 individuals from Libben, a prehistoric 

native America population, showed a statistically significant difference between age at 

death of individuals with or without enamel hypoplasias (p < 0.04), which represents a 

5.88 years difference (Duray, 1996). 

Ann Stodder conducted a study on 293 individuals from Guam on Mariana 

Islands (800-1521 AD).  The data show that children between 2 and 5 years old had the 

highest frequency of LEH. Subadults (under 16) had higher frequencies of LEH than 

adults (p < 0.05) for upper and lower canines, maxillary first incisor and maxillary third 

premolar; whereas young individuals had higher frequency of LEH than middle age and 

old adults (p < 0.05) for almost every teeth (Stodder, 1997). 

Malville analyzed the permanent anterior dentition of 147 individuals from 

Montezuma County and Mesa Verde National Park (from 500 to 700 AD) and found no 

significantly differences in hypoplasias frequencies between adults and subadults 

(Malville, 1997). 

Saunders and Keenleyside study showed no significant differences between age 

at death of individuals with and without hypoplasias. In this sample where ages are 

documented, mean age at death was 7.4 years more in individuals without hypoplasias 

(p=0.29), whereas in the sample where ages were estimated , mean age at death was 

1.6 years more in individuals without hypoplasias (p=0.385) (Saunders and Keenleyside, 

1999). 

One hundred and four individuals from Nova Raca cemetery, in continental 

Croacia (from 14th to 18th century) were studied by Slaus, who concluded that the 

frequency of hypoplasias in the subadults is significantly higher than in adult (p>0.05) 

(Slaus, 2000). 

 Palubeckaite analyzed 164 adults from Plinkaigalis in Lithuania (Middle Iron Age) 

and his data shows that there is no statistically significant difference in age at death of 

individuals with or without LEH. However, the number of stress episodes per individual 

had a negative effect on life expectancy (p=0.013) (Palubeckaite, 2001). 
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Four hundred and fifty two individuals from three early medieval sites (6th to 9th 

century) and six late medieval ones (10th to 13th century) from continental Croacia were 

studied by Slaus and coworkers. All groups of subadults had a higher number of 

hypoplasias per tooth than adults (Slaus et al., 2002). 

Steckel studied over 3,000 individuals from the Western Hemisphere (from 4500 

B.C. to the early 20th century) and found out that individuals with one LEH had a 3.8 % 

inferior probability of survival than individuals with no LEH, whereas individuals with 2 or 

more LEH had a 7.8 % inferior probability of survival than individuals with no LEH 

(Steckel, 2005). 

An Iron Age tomb at Pella in Jordan was studied by Griffin and Donlon, where the 

prevalence of LEH in subadults was significantly lower than that in adults (p<0.05) but 

when deciduous teeth were removed from the analyses no differences were found (Griffin 

and Donlon, 2009). 

There is an enormous difference between using an identified collection, where 

age at death is known, or using an unidentified one. There is a greater accuracy in the 

results when one knows the exact age at death of the individuals under study. The 

methods used for estimating the age of the individuals through their skeletal remains 

does not gives us a specific age but only a probable age interval, that in adults is usually 

considerable. In the studies above, only Saunders and Keenleyside (1999) used a sub-

sample of 55 individuals of known age. 

Despite the differences in methods, aims and material available in hypoplasia 

studies there is a common factor among almost all of them: there is a recognized 

difference in age at death of individuals with and without hypoplasias, whether there are 

statistically significant or not. The studies shown that individuals with hypoplasia die 

earlier than individuals without hypoplasias. And even if some of the studies, by 

themselves, had no statistically significance (Simpson et al., 1990; Malville, 1997; 

Palubeckaite, 2001), all together are very significantly. 

The importance of this study is that it can provide additional as well as more 

accurate information than the works quoted above. The accuracy of the data results from 

the known age at death of the individuals, which is almost unique in this kind of studies; 

the good preservation of the dentition; and a considerable large sample used (n=145). 

The additional information provided is also quite unique in this kind of studies. Information 

regarding SES, cause of death and year of birth of the individuals is important to assess 

in which way environmental factors influences the possible relationship between early life 

stressors and premature adult mortality.  
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1.4. Aims of the study 

 

The aim to this study was to test if there is a relationship between early life 

stressors resulting in the physiological disruption that causes the formation of LEH, and 

adult health resulting in premature mortality, that cannot be explained by a differential 

pattern of exposure to environment. 

To test this relationship dental and documentary data were collected from an 

adult (>19 years old) male sample of the Lisbon Identified Skeletal Collection, of the 

National Museum of Natural History in Lisbon, Portugal. The known age, occupation, 

cause of death and year of birth of the individuals is an asset of this collection, which 

offers a greater accuracy in the obtained results when comparing to studies regarding 

unidentified collections. 

The specific goals of the study are: 

 Test if there is a relationship between the presence of LEH and early mortality; 

 Test if SES, cause of death and year of birth have any influence in the 

possible relationship between LEH and early mortality; 

 

CHAPTER 2 – MATERIALS AND METHODS 
 

2.1. The collection of identified human skeletons housed at the National 

Museum of Natural History, Lisbon, Portugal 

 

The following description of the Lisbon collection is solely based upon Cardoso 

(2006). In the 1980s Luís Lopes initiated a collection of complete skeletons in order to 

replace the Ferraz Macedo Collection – also known as the “old Lisbon Collection” – that 

was destroyed almost completely in 1978, in a fire that occurred at the National Museum. 

The Luís Lopes Collection, also known as the Lisbon Collection or the “new Lisbon 

Collection” started with a protocol with Lisbon’s City Hall that allowed the Museum to 

collected the skeletal remains of the individuals that were abandoned by their relatives 

and where destined to be destroyed in the incinerator or deposited in the communal 

grave  at the local cemeteries. 
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Three Lisbon cemeteries were the main source of the Lisbon´s Collection: Alto de 

São João, Benfica and Prazeres. The common practice at these cemeteries is to exhume 

the individuals’ remains from their graves after a 5 year period, if the skeletonization is 

completed, and then deposit them in small urns, which are kept in burial niches for a 

periodical fee. If the remains are not claimed after exhumation or the fees are not paid, 

after waiting for a long period of time, the remains are destroyed or deposited in the 

communal graves. It is before the destruction or deposition of the human remains in the 

communal grave that the Museum collects them. 

All individuals are identified through coffin plates, grave numbers and cemeteries 

records. The cemetery records includes information about place of birth and place of 

death, individual´s name, parent´s name, address, marital status, occupation, age at 

death, cause of death, date and hour of death, date and hour of burial, grave number and 

niche number.  

The curation of the collection is still under progress. After 1991, with the 

retirement of Luís Lopes from the Museum, the collecting process was interrupted and 

the curation process almost stopped. From 2000 onwards the curation of the collection 

gained new impetus and the collecting process was reinitiated by the hand of Hugo 

Cardoso.  The aim of this new collecting procedure focused mostly on the 

underrepresented age groups of the collection, like young adults and subadults. 

The main part of the collection was collected by Luís Lopes (1,552 identified 

individuals). Out of the totally of the collection only 699 skeletons are currently available 

for study. This segment of the collection is comprised mainly by individuals of Portuguese 

nationality. Some come from overseas Portuguese colonies, like Mozambique and 

Portuguese India and a few came from Brazil, Spain, France and Italy, but whose 

nationality is unknown. Although all Portuguese districts are represented, Lisbon is by far 

the most represented (45%).  

When referring to the 699 individuals, these were born between 1805 and 1972 

and died between 1880 and 1975 in Lisbon. Ages at death ranges from birth to 98 years 

old. The most frequent age group is that of 50 years old and older. There are 92 

subadults (under 20 years old). Females are in larger number than males, especially in 

older age groups. 

The most representative causes of death are problems in the circulatory system, 

tuberculosis and cancer. The great majority of female’s occupation is housewife’s (85%), 

whereas men´s most common occupation is sales workers (30%). Using the occupation 

of the males as a source of information about a socioeconomic status, the collection can 
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be said to represent the low to middle socioeconomic strata of the city of Lisbon at the 

time. 

 

2.2. A brief historical framework of Portugal and living conditions in Lisbon 

(19th century to first half of the 20th century) 

 

When focusing on issues related to health and disease, the historical context of 

the sample becomes of crucial importance. Issues like population growth, sanitary 

conditions, public health polities, access to medical care, technological progress, 

between others, are intimately connected to health, disease, life expectancy and mortality 

rates in a population. The health state of an individual, which can be translated into the 

diseases he has in life and when and how old he dies, is affected by the environmental 

conditions from which he lives.    

The beginning of the 19th century was marked by the French invasions and 

English domain, additionally the 1820 Liberal Revolution and subsequent civil war, as 

well as the independence of Brazil in 1822, lead the country to a severe financial crisis 

(Alexandre, 1980). The catastrophic financial situation of Portugal was then worsened by 

the liberal struggles (Pinheiro, 1979).  

Although the second half of the 19th century was a time of economic 

development, it was also a time for an increasing gap between Portugal and other 

industrialized European countries that developed at a higher pace.  External dependency, 

especially from England, land ownership structure and a society with a scarce ability to 

create the profound transformations that agriculture, industry and transportations 

revolutions demanded, all contributed to the increasing gap to other industrialized 

European countries (Reis, 1984).  

The political and economical instability of the last years of the 19th century lead to 

the downfall of the monarchic system and the establishment of a Republican system in 

1910. But the republican state failed to free the Portuguese economy from its 

dependency from England. Foreign funds still control the most important sectors of 

economy and Portuguese involvement in World War I, would not allow a sustained 

development of the economy (Ferraz, 1975). 

The slow development of Portuguese industry and the lack of international 

competitiveness, lead to the crisis of 1929-31, which was in the base for the creation of a 

new political regime which became known as “Estado Novo”. The emphasis given to 
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financial consolidation in 1928-29 implied an austerity program that would be very 

unpopular and established a strong dictatorship (Telo, 1994).  

The neutral position adopted by Portugal in World War II, that was transformed in 

a “neutral collaboration” with the Allies, after 1943 (Baiôa et al., 2003), allowed the growth 

of the commerce and industry related to the war effort. Despite that, the economic growth 

was not translated into improved life conditions for the Portuguese (Rosas, 2001). 

The political and economic difficulties lived by the Portuguese in the period under 

study were reflected on the living conditions of the population. Living conditions in Lisbon 

were very difficult especially for the lower classes. There was an undisputed 

demographic growth in the first half of the 19th century, at least since 1835 if not earlier 

(Pereira 1969), especially in the period that went from 1864 to 1890. In that period 

Lisbon´s population grew from 190.311 (1864) to 300.964 in 1890 (Baptista, 1994). In the 

second half of the 19th century industrialization increased the migration flow from rural 

places to the big cities. In 1890 about a third of Lisbon´s population came from the 

countryside (Teixeira, 1992).  

Living conditions in Lisbon can be inferred from a number of different statistical 

indicators, one of which is infant mortality. Analyzing infant mortality rates contributes to 

evaluate health levels and socio-economic development of a population, because infant 

mortality echoes the overall environment an infant and his family lives. In Lisbon, as well 

as in the rest of the country, infant mortality rates express Portugal’s delay in comparison 

with other industrialized European countries. Infant mortality rates in the 1930’s in the 

entire country were very similar with the mortality rates in Western Europe at the end of 

the 19th century: 145‰ (Nazareth, 1985). 

Infant mortality rates did indeed decrease over the decades – in 1920-24 IMR 

was 152.8‰, whereas in 1955-59 it decreased to 87.7‰ -, but still “the longtime 

tendency of high rates in infant mortality extends to the 20th century” (Santos, 1982: 49). 

Gross mortality rates show that, at the end of the 19 th century it was in the major 

cities (Lisbon and Oporto) where the mortality rates were higher. From 1838 until 1907, 

Portuguese mortality rates never went below 19.1‰ (Pereira, 1969) and there were still 

high mortality rates due to epidemics, namely typhus in 1810-1811, cholera in 1833 an 

again in 1856 and finally yellow fever in 1857 (Rodrigues, 1995). Although food crisis 

tended to decrease towards the middle of the 19th century, the last food crisis occurred in 

1856-57 (Pereira, 1969). The economical difficulties felt by the less privileged classes 

would influence the quality as well as the quantity of the food consumed. Gross mortality 
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rates in Lisbon were very high during the 19th century and in the three first decades of the 

20th century, where finally it started to decrease. 

According to the national Institute of Statistics (2001), life expectancy at birth in 

1920 was 35.8 years for men, a number that improved considerably by 1960, when life 

expectancy for men was 60.7. 

The urban growth that Lisbon suffered, especially from the second half of the 19 th 

century onwards, implied growing problems with urban planning – or for the most of the 

time under study, lack of it. With the increasing population density of Lisbon – in 1864 

there were 23.7 inhabitants per hectare, whereas in 1930 that number increased to 70.9 -

, with more than a half of the families living in houses with 4 or more individuals and more 

than a third of the families living with 5 or more people in the same house. These 

problems were further exacerbated by the small size of houses, which contributed to 

overcrowding living conditions, a massive problem in the city at this time (Rodrigues and 

Ferreira, 1991). 

In the beginning of the 19th century the working classes occupied old buildings in 

Lisbon as well as old rural houses nearby industrial areas, which originated a new 

housing model, in the second half of the 19th century called the “patios”. In 1905 there 

were 233 patios in Lisbon, lodging 10.487 people (Matta 1909 in Teixeira, 1992), which 

represented 3% of the Lisbon population registered in the 1900 census (Baptista, 1994).  

Until the end of the 19th century, working class houses were mainly built by 

private contractors and although some build bigger and better houses, the costs of this 

better quality housing lead to higher rents that could not be afford by the working class 

(Teixeira, 1992). 

Access to adequate nutrition was also a problem. At the end of the 19 th century “a 

typical working family spent about four fifths of their salary in food” (Teixeira, 1992: 67). 

The remaining salary only allowed the workers to pay very low rents, so the houses an 

average worker could afford were very small and with no sanitary conditions. 

In the 1880s the City Hall became aware of the deficient sanitary conditions of 

Lisbon and several measures were made to reverse this situation, along with state 

legislation regarding mandatory sanitary and environmental conditions in the construction 

of new buildings. But some proposals were never approved and most of the approved 

ones were hardly achieved. Indeed mortality rates decreased in Lisbon in 1910, but 

despite that legislation effort in the beginning of the 20 th century, the great majority of the 

working class lived in low quality housing (Teixeira, 1992). 
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In the first half of the 20th century, state housing policies targeted mainly at the 

middle class, so the number of houses constructed was low and the rents were higher 

than a working family could pay – rents vary from 80$00 to 200$00 (1935) while an 

average rent in a Lisbon’s shack was 40$00 (Fontoura 1936 in Teixeira, 1992). In the 

1930’s and 1940’s the houses of the most unprivileged remained very low in quality.  

In a study made by Moreira (1950) about housing conditions of Lisbon´s working 

class, was found that 43% of the houses had no piped water, 69% had no electric power 

and 81% had no toilet. 

The overall sanitary conditions of the city as a whole were very bad. For most of 

the 19th century, the supply of drinkable water in Lisbon was mainly made by fountains as 

well as waterbearers, due to the inaccessibility of water home supply for the majority of 

the population. Andrade (Andrade 1851 in Pereira, 1969) recorded 3.003 waterbeares 

who supplied in 25 fountains, 15 spouts and 6 wells in Lisbon. The attempt to provide 

home supply of water in 1858 was a massive failure due to a lack of technical ability and 

proper investment (Silva and Matos, 2000).  

Another good indicator of the population living standards is the level of literacy. 

There is a proven association between literacy and economic growth. Traditionally it is 

consider that 30% to 40% of literates in a population are needed to obtain sustained 

growth (Nunes, 1993).  

Public spending with education was low from the 1860s to 1911, with an average 

3% of GDP. It was only during the 1920’s that public expenditure with education reached 

9% (Nunes, 1993), with the political instability being an obstacle for the implementation of 

an educational policy.  

Compulsory primary education was legally introduced for the first time in 1835, 

but in 1950 still a fifth of the population, between the ages of  7 and 11 years, were not 

going to school (Nunes, 1993), particularly females. 

The demographic growth of Lisbon during the period under study was not 

accompanied by the necessary improvements in sanitary and housing conditions, which 

resulted in an impoverishment of the living conditions of its population, affecting specially 

the most unprivileged ones.  
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2.3. Sample selection and composition 

 

Randomness in sampling and size of the sample are important to construct a 

representative sample, which is usually defined “as having being obtained through a 

procedure which gave every member of the population an equal chance of being 

sampled” (Madrigal, 1998: 8/9). But in human skeletal biology research the randomness 

of the sampling procedure and the size of the sample, which are usually object of a 

careful control in other areas of research, is usually behind the control of the 

investigator, because the great majority of the collections under study are not 

representative of the population and are relatively small I size  

Therefore, the concern when sampling the collection was to obtain a large 

enough sample according to four criteria.  

The first criterion was the use of males only. Women were not included in this 

study because of the lack of information about their socio-economic status (SES), which 

is implied in the occupation of the male segment of the collection. The great majority of 

the women were registered as “doméstica”, which is a Portuguese term which can mean 

either housewife or housekeeper. Since we cannot disentangle the two meanings, this 

occupational classification is useless for obtaining SES data.  

The second criterion was the exclusion of individuals under 20 years old, 

because this study wished to focus on adult mortality. 

 

 

Figure 1: Year of birth distribution of the sample. 
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The third criterion was exclusion according to cause of death. All men who died 

from non-naturals causes, that is, men who died of accidental causes were excluded 

from this study, because their overall health/disease status did not contribute to their 

deaths and consequently, the age at which they have died has no relationship with their 

disease history. 

The fourth and final criterion was to use only individuals with at least one 

mandibular canine fully preserved. 

The sample obtained includes 145 individuals, who were born between 1818 and 

1935 and who died between 1881 and 1967. The eldest individual died at the age of 88 

and the youngest at the age of 20. Average age at death is 53.43 years old. The most 

representative age group is the 40-49 years old group, which represents 23.4% (n=34) 

of the sample, whereas the least representative age group is the 70-79 years old group, 

with 7.6% (n=11). 

Forty individuals (27.6%) were born in Lisbon; 65.5% (n=95) were born 

elsewhere and 6.9% (n=10) have no information about birth place (Table I).  

 

Table I: Individuals birth place 

PLACE OF BIRTH INDIVIDUALS % 

   
Lisbon 40 27.6 
Portuguese Island 1 0.7 
Portuguese colonies 2 1.4 
Rest f the coutry 88 60.7 
Abroad 4 2.8 
Unknown 10 6.8 
   

TOTAL 145 100% 

 

2.4. Recording enamel hypoplasias 

 

Hypoplasias, according to Goodman and coworkers (Goodman et al., 1980:518) “are 

operationally defined as developmental enamel defects that are observed as transverse 

areas of depressed enamel. The depressions may either be continuous (a line or a band) 

or discontinuous (pitted)”. According to some authors  it is not necessary to analyze all 

teeth in a study of LEHs, because analyzing what they consider to be the “best tooth” – 

two maxillary incisors (central) and two mandibular canines – gives an approximately 

95% of the information revealed by a study using all the teeth (Goodman et al 1980). 
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Although the same Goodman (Skinner and Goodman 1992) refers that the appearance of 

hypoplasia on less susceptible teeth may be more indicative of a more physiological 

disruption. Whereas Hillson (Hillson 1986) argues that is important to analyze all teeth 

available for each individual.  

Studying single teeth result in a clear loss of data because it is impossible to 

differentiate hypoplasias caused by systemic stress from those caused by local 

disturbances So, studying multiple tooth result in a more reliable indicator of the 

frequency and the age of occurrence of systemic stress, although the data could be 

disturbed by the possible loss of enamel (Goodman et al 1980). 

Only transverse areas of depressed enamel were recorded as hipoplasias. Pitted 

defects can be easily mistaken with other enamel defects in a macroscopically 

evaluation and were, consequently, not recorded. The labial surface of all mandibular 

canines was analyzed macroscopically, under an oblique light, with the aid of a 10x 

magnifying lens. Rejected teeth had less than an estimated 50% of the tooth crown 

preserved, or were in very poor conditions due to irremovable dirt, stains, attrition or 

general postmortem defects, resulting in a total sample of 239 teeth. 

 

Figure 2: Linear enamel hypoplasia (White and Folkens, 2005). 
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If an individual had both mandibular canines, the one with most linear 

hypoplasias was the one registered. All teeth were recorded for presence (1) or absence 

(0) of LEH as well as number of LEH. The number of LEH (severity) was recorded in as 

a three degree scale: 0 for no LEH; 1 for 1 or 2 LEH; 2 for 3 or more LEH. 

 

2.5. The intra-observer error 

 

The quality of the research depends on the reliability of the data. One means to 

calculate reliability is to estimate intra-observer error. There is vast literature about the 

occurrence of intra-observer measurement error and the reasons why it happens: (1) the 

way light falls on the object, (2) the imperfection of the measurement instruments used, 

(3) the lack of reference point, (4) the personal experience of the observer (Yezerinac et 

al., 1992). 

The more precise is the definition of the phenomenon under study and the less 

intra-observer error is expected. So measuring the intra-observer error is a good way to 

test if the definitions used in a study are not ambiguous. 

A high-level of intra-observer error can lead to the rejection of a valid hypothesis 

(type I error) or to the acceptance of false a null hypothesis (type II error) (Yezerinac et 

al., 1992). 

Intra-observer error was estimated by re-recording LEH in a randomly selected 

sample of 28 teeth from the total of 239 teeth studied. The two observations were 

subsequently compared using three measures of error: the percentage of agreement 

(%A), to evaluate the amount of disagreement and Cohen's kappa coefficient, that takes 

into account the causality of the agreement. 

The percentage of agreement is calculated as: 

   
    

 
      

where n is the total number of paired comparisons and n´ is the number of 

discordant pairs. 

The Cohen's kappa coefficient is calculated as: 
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where Pr(a) is the relative observed agreement among raters and Pr(e) is the 

hypothetical probability of chance agreement. 

 

2.6. Assessing the effects of LEH on the age at death 

 

Prevalence of LEH and average age at death were calculated in order to explore 

the association between LEH and age at death of the individuals. 

Prevalence (P) is a measure of disease frequency that provides the number of 

affected individuals in the sample under study - P = n/N where P = prevalence, n = 

number of affected cases, e N = number of the studied sample. Prevalence is also the 

only disease frequency measure that can be obtained from human skeletal remains 

(Waldron, 2009). 

Prevalence of LEH for the entire sample as well as prevalence of LEH by 

degrees of severity was calculated. The prevalence of LEH in the sample was used to 

compare with the prevalence of LEH in other studies. The sample was then subdivided 

in ten year age groups where age-specific prevalence of LEH and age-specific 

prevalence of LEH by severity were also calculated.  

Average age at death was calculated, for individuals with LEH and individuals 

without LEH, as well as for the three degreed severity LEH groups. Then the average 

age at death of the group with LEH (regardless their severity degree of LEH) was 

compared with average age at death from the group without LEH, using an ANOVA test. 

Further, the comparison of average age at death was made between the three severity 

degrees of LEH, using an ANOVA. When comparisons involved more than two means, 

statistically significant differences between groups where determined using the post-hoc 

test Scheffe. All statistical tests were carried out using IBM SPSS Statistics v19. 

 

2.7. Assessing the effects of SES on the age at death 

 

Socioeconomic status was assessed in order to explore the association of SES 

with the frequency of LEH and age at death of the individuals. 

The importance of assigning a SES to the individuals under study is that socio-

economic differences influence living standards (Cutler et al., 2008) – differential access 

to medical care, housing sanitary conditions, among others – which affect an individual's 
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longevity (Mirowsky and Ross, 2000). The relationship between socio-professional 

hierarchy and longevity increase is widely documented in several studies (Mirowsky and 

Ross, 2000; Sauvaget et al., 2011). 

Professional occupation is considered one of the most reliable indicators of socio-

economic status (Mueller and Parcel, 1981) especially in post-industrialized societies 

(Morgan, 1983), because “the relations of production and the social division of labor 

constitute an array of complex effects on the set of social space. It’s precisely for that, 

that the socio-professional indicator, even when build in a relatively crude manner and 

used isolated, can work with efficiency in research” (Almeida, 1970: 235). 

In this study the individuals’ professional occupation was classified according to 

the 1951 Registrar´s General major groups of occupation (Table II), which is a reliable 

measure of social stratification (Armstrong, 1972). Professional occupations were than 

narrowed to two categories: manual: scored as 1 and non-manual occupation: scored as 

2 (Table III). Ninety two individuals were assigned to a manual occupation (63.5%), 

whereas 47 were classified in non-manual occupation (32.4%). A fraction of the 

individuals - 4.1% (n=6) - could not be properly assigned to either category.   

The classification of the several professional occupations of the sample was, in 

most cases, a simple task, so it will be addressed only the few cases that can raise 

some doubts. The designation “worker” although does not specify the task performed by 

the individual, it is traditionally used for manual labor and it is an expression of low 

status. So, it was consider having a minimum risk to consider “worker” as a manual 

labor. On the side of the non-manual labor, the designation “student” could also 

represent an issue, but for the period under study the education levels were so low, that 

an adult who was still studying could be undoubtedly placed on the high SES group. The 

professional occupations who were not assign to either category were a “retired from the 

railway”, a “church employee”, a “city hall employee”, an “oversea employee”, a “railway 

factor” (?) and an “employee in Portugália Factory”. The first four designations have no 

implicit content, the fifth is an unknown designation and the sixth is quite ambiguous – 

although the individual works in a factory he is register as an employee and not as a 

worker and additionally the indication of the specific factory where he worked could be a 

form of distance to the working class. As the classification of these six professional 

occupations could bring a high risk of error, it was chosen to live them out. 
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Table II - Allocation of the 1951 Registrar´s General major groups of occupations to 

broad “manual” and “non-manual” occupational categories 

OCCUPATIONAL CATEGORIES REGISTRER’S GENERAL 
CLASSIFICATION (1951) 

  

Non-manual Group 1 – Professional 
 Group 2 – Intermediate 

Group 3 – Skilled (non-manual) 
  
Manual Group 3 – Skilled (manual) 
 Group 4 – Partly skilled 
 Group 5 - Unskilled 
  

  
Armstrong 1972 

 

Table III - Professional occupation 

MANUAL LABOR NON-MANUAL LABOR 

  

Baker (padeiro) 2nd Sergeant (2º sargento) 
Barber (barbeiro) Accountant assistant (ajudante de 

guarda-livros) 
Boilermaker (caldeireiro) Army officer (oficial do exército) 
Bricklayer (pedreiro) Bank clerk (empregado bancário) 
Butcher (cortador) Dispatcher (despachante) 
Carpenter (carpinteiro) Civil servent (funcionário público) 
Caulker (calafate) Clerk (escriturário) 
City council guard (Guarda da CML) Corporate employee (empregado 

corporativo) 
Concierge (porteiro) Industrial (indsutrial) 
Dispatcher assistant (assistente de 
despachante) 

Insurance assistant (profissional de 
seguros) 

Driver (motorista) Merchant Navy officer (oficial da 
marinha mercante) 

Electrician (electricista) Office assistant (empregado de 
escritório) 

Factory worker (operário) Owner (proprietário) 
Fishmonger (peixeiro) Pharmacist (farmacêutico) 
Foundryman (fundidor) Pharmacist employer (empregado 

farmácia) 
Gardener (jardineiro) Photographer (fotógrafo) 
Gravedigger (coveiro) Shop owner (comerciante) 
Locksmith (serralheiro) Student (estudante) 
Navy guard (guarda da marinha) Tax auditor (fiscal de impostos) 
Paintor (pintor)  
Paviours (calceteiro)  
Plumber (canalizador)  
Police agent (agente da polícia)  
Postman (carteiro)  
Railwaymen (ferroviário)  
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Saylor (marinheiro)  
Shoemaker (sapateiro)  
Shop assistant (empregado comercial)  
Steam boiler (fogueiro)  
Taylor (alfaiate)  
Toolmaker (ferramenteiro)  
Tram driver (guarda-freio)  
Traveling salesman (caixeiro-viajante)  
Typographer  (tipógrafo)  
Upholsterer (estofador)  
Warehouse servent (fiel de armazém)  
Weaver (tecelão)  
Worker (trabalhador)  
   

  

 
The following professional occupations were not assigned to either category 
 
Church employee (empregado da igreja) 
City hall employee (empregado municipal) 
Employee in Portugália Factory (empregado na fábrica Portugália) 
Oversea employee (empregado no ultramar) 
Railway factor (factor da CP) 
Retired from the railway (aposentado da CP) 

 

After breaking down the sample in two sub-groups according to their SES, age-

specific prevalence of LEH and age-specific prevalence of LEH by severity were 

calculated for both groups. The prevalence of LEH from both groups was than compared 

statistically using a Chi-square test. 

Average age at death was calculated, for individuals with LEH and individuals 

without LEH, as well as for the three degreed severity LEH groups, within each SES 

sub-group. Then the average age at death of the group with LEH (regardless their 

severity degree of LEH) was compared with average age at death from the group 

without LEH, using an ANOVA test. Further, the comparison of average age at death 

was made between the three severity degrees of LEH, using an ANOVA. When 

comparisons involved more than two means, statistically significant differences between 

groups where determined using the post-hoc test Scheffe. All statistical tests were 

carried out using IBM SPSS Statistics v19. 

 

2.8. Assessing the effects of cause of death on age at death 

 

Cause of death was included in the analysis in order to evaluate its associations 

with the frequency of LEH and in the age at death of the individuals. Classifying cause of 
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death was a way to find out if the etiology of the disease had any impact in the possible 

relationship between LEH and age at death. 

The individual’s cause of death was divided into infectious or non-infectious 

diseases with the aid of Dicionário de Termos Médicos (Costa, 2009). Individuals who 

died from infectious diseases were register as score 1 and those who died from non-

infectious diseases as score 2 (Table IV).  

 

Table IV - Cause of death 

INFECTIOUS DISEASES NON-INFECTIOUS DISEASES 

  

Bronchopneumonia (broncopneumonia) Cardiac diseases (doenças 
cardíacas) 

Encephalitis (encefalite) Cerebral apoplexy (apoplexia 
cerebral) 

Endocarditis (endocardite) Diabetes (diabetes) 
Flu wit pulmonary congestion (gripe com 
congestão pulmonary) 

Epilepsy (epilepsia) 

Gastroenteritis (gastroenterite) Gangrene (gangrena) 
Leprosy (lepra) Hypertension (hipertensão) 
Nephritis (nefrite) Sclerosis (esclerose) 
Peritonitis (peritonite) Senility (senilidade) 
Pneumonia (pneumonia) Thromboembolism (embolia cerebral) 
Pulmonary abscess (abcesso pulmonar) Tumor (tumor) 
Pulmonary bacillus (bacilose pulmonar) Ulcers (úlcera) 
Septicaemia (septicemia) Uremia (urémia) 
Syphilitic hepatitis (hepatite sifilítica)  
Tuberculosis (tuberculose)  
Tuberculosis and diabetes  (tuberculose 
e diabetes) 
Typhoid fever (febre tifóide) 
 

 

  

 
The following diseases were not assigned to either category 
 
Acute arthritis (artrite aguda) 
Acute pulmonary edema (edema pulmonary agudo) 
Cerebral hemorrhage (hemorragia cerebral) 
Chronic bronchitis (bronquite crónica) 
Chronic rheumatism (reumatismo crónico) 
Cirrhosis of the liver (cirrose do fígado) 
Hemorrhage (hemorragia) 
Myocarditis (miocardite) 
Right pleural emphysema (enfisema pleural direito) 
Urinary leakage (infiltração urinária) 

 

Having in mind that this is a crude criteria, all cardiac diseases that could not be 

properly assign to infectious diseases where considered non-infectious diseases, due to 
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a majority of non-infectious etiologies in cardiac diseases. In other diseases, where 

different types of etiologies are possible for the same disease, it was only chosen a 

category if in the great majority of the cases it has a specific etiology. That is the case of 

endocarditis, which has several etiologies but in most of the cases is due to an infection. 

Individuals who presented more than one cause of death and at least one of them were 

infectious, where assign to infectious diseases, due to the need to isolate the ones who 

died of non-infectious diseases. That is the case of the individual whose cause of death 

is described as tuberculosis and diabetes.  

Individuals who died from infectious diseases represent 42.1% (n=61) and those 

who died from non-infectious diseases represent 43.5% (n=63). A fraction could not be 

assign to either group – 14.5% (n=21).  

There are 16 different conditions identified as infectious diseases in the study 

sample, in which tuberculosis is the most common with 63.9% (n=39) of cases. In the 

non-infectious diseases there are 12 different types, with tumors being the most 

common cause of death with 34.9% (n=22), followed by heart diseases with 28.6% 

(n=18) of the cases.  

After breaking down the sample in two sub-groups according to the etiology of 

their cause of death, age-specific prevalence of LEH and age-specific prevalence of LEH 

by severity were calculated for both groups. The prevalence of LEH from both groups 

was than compared statistically using the Chi-square test. 

Average age at death was calculated, for individuals with LEH and individuals 

without LEH, as well as for the three degreed severity LEH groups, within each cause of 

death sub-group. Then the average age at death of the group with LEH (regardless their 

severity degree of LEH) was compared with average age at death from the group 

without LEH, using an ANOVA test. Further, the comparison of average age at death 

was made between the three severity degrees of LEH, using an ANOVA. When 

comparisons involved more than two means, statistically significant differences between 

groups where determined using the post-hoc test Scheffe. All statistical tests were 

carried out using IBM SPSS Statistics v19. 
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2.9. Confounders in the relationship between age at death and LEH: SES, 

Cause of Death and Year of Birth 

 

In order to control for possible effects of SES, cause of death and year of birth, 

when assessing the influence of LEH on age at death, a multivariate linear regression 

was calculated, where the dependent  variable is age at death and the independent 

variables are LEH, SES, cause of death and year of birth. As presence/absence and 

degrees of severity of LEH are two different ways of measuring the same variable, the 

analysis was performed twice: initially with the variable “LEH” – which indicates the 

presence or absence of LEH - and secondly with the variable “Severity” – which 

indicates the number of LEH per individual. 

In addition to a multivariate regression model using the entire sample, a separate 

multivariate linear regression was calculated for the SES groups and cause of death 

groups separately. 

The multiple regressation equation used was: 

                           

where a is the intercept, b is the regression weights and k is the number of 

dependable variables. 

 

CHAPTER 3 - RESULTS 
 

3.1. The effects of LEH on the age at death 

 

The prevalence of LEH presence in the studied sample is 80.7% (n=117). When 

considering the different degrees of LEH severity, individuals that have no LEH 

represent 19.3% (n=28); individuals who have one or two LEH correspond to 42.8% 

(n=62) and individuals with 3 or more LEH stands for 37.9% (n=55). 

The 30-39 year age group shows the highest prevalence of LEH (100%; n=12). 

The lowest prevalence of LEH belongs to the 80 years old and older age group (n=19), 

with 63.2% (Table V).  
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Table V - LEH Prevalence by age group 

AGE GROUP PREVALENCE % INDIVIDUALS 
AFFECTED 

TOTAL 
INDIVIDUALS 

    

20-29 84.2 16  19 
30-39 100 12 12 
40-49 82.4 28 34 
50-59 81.5 22 27 
60-69 73.9 17 23 
70-79 90.9 10 11 
80-88 63.2 12 19 

    

TOTAL  117 145 

 

 

Individuals with LEH have an average age at death of 52.05 years old, whereas 

individuals with no LEH have an average age at death of 59.18 years old. Although the 

ANOVA (f=3.396; p=0.067; df=1,143) failed to show statistically significant differences, 

non-significance is only marginal at the 0.05 level and, consequently, the results may be 

considered to show significant differences between mean age at death in these two 

groups. 

When considering the different LEH severity degrees, individuals who show the 

lowest severity have an average age at death of 59.18 years, individuals who show an 

intermediate severity have an average age at death of 52.00 years old and individuals 

with the highest severity have an average age at death of 52.11 years old. The greatest 

differences in mean age at death are seen between the lowest and the other degrees of 

severity. Although the ANOVA results do not show any statistically significant differences 

in mean age between groups (f=1.687; p=0.189; df= 1,142), in individuals with no LEH 

live, on average, 7 years more than either individuals of intermediate or highest severity.  
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Figure 4: Sample distribution by age groups 

 

3.2. The effects of SES on the age at death 

 

The prevalence of LEH obtained by socioeconomic group was 78.3% (n=72) for 

the low SES group, and 85.1% (n=40) for high SES group. The Chi-square test showed 

no statistically significant difference between both groups LEH prevalence (f=0.931; 

p=0.335; df=1). 

In the low SES subgroup, mean age at death of individuals without LEH is 56.0 

years old, whereas individuals with LEH live, on average, to 51.1 years of age. Although 

the ANOVA (f= 1.267; p=0.263; df=1,90) does not show any statistically significant 

differences in mean age at death between the two groups, individuals with LEH live on 

average less 4.9 years than individuals without LEH. Still in the low SES sub-group, the 

average age at death by severity degree is 56.0 years old for individuals who show the 

lowest severity, 51.8 years old for individuals with an intermediate severity and 50.2 

years old for individuals with the highest severity. On average, individuals with no LEH 

live 4.2 years more than individuals with one or two LEH and 5.8 years more than 

individuals with three or more LEH. The difference, in mean age at death between the 

intermediate and the high severity groups is only 1.6 years. The ANOVA (f=0.703; 

p=0.498; df=2,89) results does not show any statistically significant differences in mean 

age between severity groups.  
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In high SES subgroup, individuals with no LEH live, on average, to 70.0 years of 

age, whereas individuals with LEH have an average age at death of 52.0 years old. This 

means that, on average and in this sub-group, individuals without LEH live 18.0 more 

years than individuals with LEH.  The ANOVA results (f=4.592; p=0.038; df=1,45) shows 

there is a statistically significant difference in mean age at death between this two 

groups. 

In the high SES sub-group, the mean age at death by severity of LEH, shows that 

individuals who show the lowest severity live 70.0 years, individuals with intermediate 

severity live 51.6 years and individuals with highest severity live 52.4 years. Individuals 

with no LEH live, on average, more 18.5 years than individuals of intermediate severity 

and more 17.6 years than individuals of high severity. The ANOVA results groups 

(f=2.254; p=0.117; 2,44) do not show any statistically significant differences in mean age 

between severity groups.  

In the high SES group, again it is LEH the only variable that influenced 

individuals’ age at death in a statistically significant way, with a regression coefficient of -

0.310 (t=2.160;  p=0.036, which reveals an inverse relationship between age at death 

and the presence of LEH.  The variables cause of death and year of birth showed no 

statistically significant contribution.  

Then, the variable LEH was replaced by the variable severity, and again 

regression coefficients were calculated for the sub-group of high SES. No variable 

showed a statistical significant effect on age.  

 

3.3. The effects of cause of death on the age at death 

 

When dividing the sample according to the etiology of the cause of death, the 

sub-group of individuals who died of infectious diseases had a prevalence of 83.6% 

(n=51) whereas the sub-group of individuals who died of non-infectious diseases shows 

a prevalence of 81.0% (n=51). The Chi-square test showed no statistically significant 

difference between both groups LEH prevalence (f=0.150; p=0.699; df=1). 

In the sub-group of the individuals who died from infectious diseases, individuals 

without LEH live, on average, 55.4 years, whereas individuals with LEH have an average 

age at death of 43.3 years. Individuals with no LEH live, on average, 12.1 more years 

than individuals with LEH. Although the ANOVA (f=3.783; p=0.057; df=1,59) failed to 
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show statistically significant differences, non-significance is only marginal at the 0.05 

level and, consequently, the results may be considered to show significant differences 

between mean age at death in these two groups. 

The mean age at death by severity of LEH degree, in the sub-group of infectious 

diseases, shows that individuals with the lowest severity live 55.4 years, individuals with 

an intermediate severity live 42.7 years and individuals with the higher severity  live 43.9 

years. Individuals with no LEH live, on average, more 12.7 years individuals with 

intermediate severity and more 11.5 years than individuals with high severity. The 

ANOVA results (f=1.887; p=0.161; df=2.58) do not show any statistically significant 

differences in mean age between the three severity groups.  

In the sub-group of the individuals who died from non-infectious diseases, 

individuals without LEH live, on average, 63.7 years, whereas individuals with LEH have 

an average age at death of 61.3 years. Individuals with no LEH live, on average, 2.4 

more years than individuals with LEH. The ANOVA results show no statistically 

significant differences between the two groups (f=0.222; p=0.640; df=1.61). 

The mean age at death by severity of LEH degree, in the sub-group of infectious 

diseases, shows that individuals with the lowest severity live 63.7 years, individuals with 

an intermediate severity live 60.3 years and individuals with the high severity live 62.7 

years. Individuals with no LEH live, on average, more 3.3 years than individuals with an 

intermediate severity and only more 1.0 years than individuals with the high severity. 

individuals with the high severity live, on average, 2.4 more years than individuals with 

an intermediate severity. The ANOVA results (f=0.252; p=0.778; df=2,60) do not show 

any statistically significant differences in mean age between the three severity groups.  

 

3.4. Confounders in the relationship between age at death and LEH: SES, 

Cause of Death and Year of Birth 

    

The effect of LEH on age is still statistically significant after adjusting for 

socioeconomic status, cause of death and year or birth, with a regression coefficient of -

0.166 (t=2.003; p=0.047). This reveals an inverse relationship between age at death and 

the presence of LEH, which means that younger individuals have more LEH than older 

individuals. The variables cause of death, SES and year of birth showed no statistically 

significant effect on age at death of the individuals. 
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When the variable LEH was replaced by the variable severity on the multiple 

regression model for the entire sample, it was also the only one which showed a 

statistically significant effect on age at death, showing a coefficient of -0.144 (T=1.722; 

p=0.087). This data reveals an inverse relationship between age at death and severity of 

LEH. Again, cause of death, SES and year of birth showed no statistically significant 

contribution to age at death of the individuals. 

In the sub-group of individuals who died from infectious diseases, the variable 

LEH is the one who most influences age at death of the individuals, with a regression 

coefficient of -0.246 (t=1.929; p=0.059); followed by the variable year of birth, which has 

a regression coefficient of -0.222 (t=1.775; p=0.081). When replacing the variable LEH 

with the variable severity, it is the variable year of birth that becomes the most influence 

one in age at death of the individuals, with a regression coefficient of -0.236 (t=1.855; 

p=0.069). 

In the analyzes of the sub group of non-infectious diseases, it is the year of birth 

the variable that has a higher influence in age at death, with a regression coefficient of -

0.741 (t=8.449; p=0.000). When replacing the variable LEH with the variable severity the 

results are very similar to the above, with the variable year of birth presenting exactly the 

same regression coefficient (t=8.497; p=0.000). 

 

3.5. The intra-observer error 

 

Table VI presents the intra-observer error measured for the variables LEH and 

severity. It includes the number of comparisons made to calculate the intra-observer 

error and the two methods used: the percentage of agreement and Cohen's kappa 

coefficient.  

 

Table VI - Intra-observer error 

VARIABLES N %A K 

    

LEH 29 92.59 0.791 
Severity 29 79.17 0.724 
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CHAPTER 4 – DISCUSSION 
 

The major aims of the study was to find out if the physiological disruption that 

originates the formation of linear enamel hypoplasias, from birth until around six years old, 

would affect age at death in adult life, if the differential socio-economic environment of the 

individuals, measured by their SES and year of birth, would influence this possible 

relationship, and additionally if the etiology of cause of death (infectious or non-infectious) 

affects this relationship. 

 

Individuals that were exposed to stressful events during the time span in which the 

crown of their mandibular canine mineralized (from birth to 6 years of age), resulting in the 

formation of LEH, died earlier than individuals with no LEH. On average, all individuals with 

LEH died earlier than individuals without LEH, regardless their SES and the etiology of their 

cause of death, the relationship between early life stressors and early adult mortality only 

lacks statistical significance in those individuals who died from non-infectious diseases, as 

well as those of low SES. Differing SES only affects the longevity of the individuals without 

LEH, in which case high SES individuals live considerably longer than low SES individuals. 

The year of birth affects longevity regardless of cause of death, with individuals who were 

born earlier having a greater life expectancy.  

The use of individuals’ cause of death, divided in infectious and non-infectious 

diseases, was a way to distinguish between communicable diseases, for which there is vast 

literature connecting them with early life stressors, like undernourishment (Ambrus and 

Ambrus, 2004); and non-communicable diseases, which are the main focus of DOHaD 

research. 

The great majority of DOHaD research based upon bioarcheological data, lack the 

information about cause of death of the individuals under study. In that matter, this is an 

advantage of this collection, because cause of death is a known factor, which can provide us 

information about how stressful events in early life affect the susceptibility of the individuals 

to different causes of death according to their etiology. But the data obtained by this variable 

will lack other comparable studies to consolidate these results. 

It is well known that malnutrition and the subsequent micronutrient deficiencies – 

which is one of the factors that can cause the physiological disruption that originates the 

formation of LEH – increases susceptibility to infectious diseases and increases mortality 

(Katona and Katona-Apte, 2008). So, it was expected that in the sub-group of infectious 
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diseases, the LEH prevalence would be high. What the data shows is that in the sub-group of 

non-infectious diseases the LEH prevalence is almost as high as in the infectious one. So, 

there is also a homogenous result concerning prevalence of LEH considering the etiology of 

cause of death. Which could mean that that there is also a strong link between LEH and non-

communicable diseases, regardless the fact that this affects the individual’s longevity or not. 

As it was expected, in the sub-group of the individuals who died from infectious 

diseases, there is a high and statistically significant difference between mean age at death of 

individuals with and without LEH. It is noteworthy that infectious diseases, especially 

tuberculosis, were a frequent cause of death for the period under study, due to the lack of 

medical care as well as the deficient sanitary conditions in which people lived, especially the 

most unprivileged ones. So, although the results from the infectious disease sub-group 

corroborate the previous studies that connect early life stressors with adult mortality, the non-

infectious disease group seemed to have failed to show a significant difference between 

mean age at death of individuals with and without LEH. It is possible that, although early life 

stressors would affects adult health would not affect the life expectancy of the individuals 

who died from non-communicable diseases.  

The use of information about the socioeconomic status of the individuals was meant 

to test one of the possible mechanisms that explain the relationship between early life 

stressors and adult morbidity and mortality. This mechanism refers to the unchangeable low 

socio-economic environment that an individual lives throughout his entire life that makes 

him/her more susceptible to LEH and also to a premature death. In both sub-groups (high 

and low SES) individuals without LEH live, on average, longer than individuals with LEH, but 

it is only in the high SES sub-group that that difference is statistically significant. A high 

socio-economic environment should buffer early life stressors resulting in an increased life 

expectancy, whereas a low socio-economic environment would aggravate early life stressors 

resulting in a decreased life expectancy. But the results here show us the opposite scenario; 

it is in the high SES sub-group that the difference between mean age at death from 

individuals with and without LEH is more accentuated, whereas in the low SES sub-group 

this difference is much inferior.  

The average age at death of the individuals with LEH is very similar in individuals 

from both sub-groups. If the socioeconomic environment was of crucial importance in the 

relationship between LEH and average age at death, once again it would be expected that 

individuals from low SES would have an inferior mean age at death. So, when comparing the 

results from individuals with LEH within both socio-economic strata, what is obtained is a 

homogenous result, where the socio-economic variable apparently has no influence. For the 
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other hand there is a considerable difference between mean ages at death of individuals 

without LEH within both socioeconomic sub-groups. So, what the results show us is that the 

socio-economic environment is of crucial importance in average age at death of the 

individuals, but only for those who had no LEH. 

It is noteworthy that the collection used in this study has been considered as 

belonging to a low to middle socioeconomic strata, according to the reported male 

occupations (Cardoso, 2006). So it is expected that there is not a considerable gap between 

the two SES groups, which could explain the homogeneity of the prevalence of LEH within 

both sub-groups. Regardless of the previous observation, the considerable difference 

between means age at death of individuals from both SES, without LEH, suggest that even in 

a low to middle socioeconomic strata, there are significant differences in overall life 

conditions. This apparent contradiction could be explained by methodological problems in 

assigning the SES of the individuals through their occupation, or by the influence of other 

variables that are not used in this study. 

Unfortunately there are only a few studies that combined LEH of the individuals with 

information about their SES (Palubeckaité et al., 2002) – where no relationship was found 

between the presence of LEH and longevity in none of the SES group -, so more data needs 

to be studied in order to consolidate, or not, the results from the present study. 

 

The other variable used as a possible confounder in the relationship between early 

life stressors and premature mortality was the year of birth of the individuals. Like SES the 

year of birth is also a measure of the quality of the environment in which the individuals live. 

Year of birth of affects age at death of the individuals in both infectious and-non infectious 

sub-groups, although is not the most influential variable in age at death in the sub-group of 

the infectious diseases (the presence of LEH is the most influential variable). Which means 

that individuals who were born in earlier years tend to live more than individuals who were 

born in later years, in either sub-groups.The impoverishment of life conditions, discussed in 

Chapter 2, during the period under study seemed to decrease the health conditions of the 

individuals, affecting their longevity. 

It is not easy to understand why the degree of severity does not seem to affect 

individuals’ age at death. It is possible that when grouping the severity degree in the way it 

was done in this study – with one group for one and two LEH and another for three or more 

LEH – hide the differences between these sub-groups. But this way of grouping individuals 

was done to solve a practical problem of having too many severity groups with very little 

individuals in each. It can be argued that the major impact of the physiological disruption that 
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originates the formation of LEH in the age at death of the individual is the first and second 

defects and that this impact would decrease in the next insults, in a way that the first stress 

episodes an individual lives would affect his health in a negative way, but the continued 

exposure to stress events resulting in more LEH episodes, would have no further significant 

impact. So, it is defendable that one or two stressful events recorded in LEH would be 

enough to suggest a degree of early childhood deprivation that can negatively influence the 

health status of the individual. 

When comparing the prevalence of LEH of this study with other studies, it is 

important to have in mind that the tooth used was the mandibular canine, which is 

considered one of the most hypoplastic teeth, right after the maxillary central incisor 

(Goodman 1989). Besides that, only adult males were used in this study, which can also lead 

to different results, although most studies shows no differential pattern of hypoplasia 

distributions by sex, it is believed that the growing male is more sensitive to stress, but it is 

also known that females, in many contexts – were less culturally protected from famine and 

disease (Goodman et al 1980). It is also important to distinguish between urban and rural 

studies, as well as the chronology of them, because the time and place where an individual 

lives influences the environmental conditions at which he is exposed and consequently 

influences his health status.    

Despite the recognized limitations of comparing the prevalence levels of LEH with 

other studies, the prevalence obtained in this study can be considered high. For instance, 

Goodman and Rose (1990) expect that the actual prevalence of LEH for developed 

countries, where living conditions are good, is inferior to 10%. This idea was confirmed by 

the value obtained by Slayton and coworkers (Slayton et al., 2001) in a study of deciduous 

teeth from well-nourished children in Iowa, USA, which found a LEH prevalence of 6%. And 

even when compared with studies from the same period, the prevalence obtained is still high. 

In a study in which the sample used was an urban 19 th century population from Belleville, 

Canada, the prevalence of LEH from mandibular canines was only 36.1% (Saunders and 

Keenleyside, 1999). Whereas Wasterlain studied the 19 th/20th century identified collection of 

Anthropological Museum of Coimbra University, which has an even higher LEH prevalence: 

91.9% (Wasterlain, 2006). Even some medieval urban populations show a very similar 

prevalence of LEH. Adult canines from medieval collection from Leiria, Portugal, showed a 

LEH prevalence of 81.3% (Garcia, 2007); whereas others show an even higher prevalence, 

like the three medieval/early modern urban populations from Vilnius, Lithuania, studied by 

Palubeckaité and coworkers (2002), where one the samples have a LEH prevalence of 

100%.  
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The difference in mean age at death of individuals with and without LEH is 

corroborated with several other studies (Goodman, 1989; Duray, 1996; Saunders and 

Keenleyside, 1999), although not all of them showed a significant difference (Saunders and 

Keenleyside, 1999), which can be a result of using estimated ages for their individuals. 

Despite the lack of statistical significance in the difference between means age at death of 

individuals and without LEH in some of the studies, there is a marked tendency towards a 

higher average age at death of individuals without LEH. So, if the result of a study, by itself, 

is not very meaningful, the same cannot be said about several studies pointing at the same 

direction. Besides that, the accuracy of the results obtained in an identified collection, where 

there is an age at death for each individual, is obviously higher than in collections where the 

age of the individuals has to be estimated, especially when dealing with adults 

Although the number of LEH episodes per individual as been considered to influence 

negatively age at death of individuals in several studies (Stoder, 1997; Slaus, 2000; Steckel, 

2005), the data from this study show no relationship between LEH severity (number of LEH 

per individual) and age at death. 

 

4.1. Limitations of the study and the sample 

 

Four problems arose from the attempt to assign a SES to the individuals: the 

changes in SES of the same occupation in time; the imprecision and description of the 

occupations; the accuracy of the information and the social mobility of the individuals. 

  As the period under study goes from the beginning of the 19 th century to the 

middle of the 20th century, one has to beware of changes in SES of the same 

professional occupation as well as the changes and imprecision in the description of the 

occupations (Conk, 1978). 

Another problem has to do with the accuracy of the information, because there is 

a tendency to overvalue one´s professional occupation (Vidal, 2004) which can be 

minimized by using a simple two group classification (Cardoso, 2005).  

The potential social mobility of the individuals can also be a problem when 

assigning SES solely for their professional occupation and assuming that the individual’s 

SES remained unchangeable since birth. But some authors defend that for the men with 

some family resources there is a higher probability of maintaining the same socio-
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economic class of their parents, whereas the most unprivileged ones can hardly escape 

the socio-economic position occupied in the beginning of their lives (Estanque and 

Mendes, 1998/1999). So it is pertinent to infer that the SES attributed to the individual 

through their professional occupation as an adult would not be far, in most cases, from 

the SES of the same individual in the early years of his life. In the period under study, 

the incipient economic development of Portugal as well as a very scarce level of literacy 

would not allow a significant social mobility. 

A comment need to be done regarding the accuracy of the classification of the 

etiology of the individuals’ cause of death. Although it is possible that the process of 

recording the cause of death in the cemetery registers was not free of error and also the 

transcription of these element to the Museum database could increased these errors – 

which is also true for all the information used in this study -, the work done by Cardoso 

(2005) in verifying biographic information of this collection with the cemetery books and 

death bulletins at the cemeteries and death registers at civil registration offices, found no 

significant inaccuracies, expect for some transcription errors. 

The second possible error resource was the criterion used to classify the 

diseases etiology, very limited by the inaccuracy of some of the terms used as cause of 

death. Even though these limitations and error sources, it is believed that no major 

errors affected the results. 

It could be argued that the teeth from the elderly individuals would most likely be 

warned out, in a manner that some of the information in the occlusal part of the tooth 

crown could be lost by tooth wear. But Goodman and Armelagos (1985) defend that the 

most hypoplastic defects occur on the middle third of the crown and Hindle (1988) says 

that the lowest frequency of hypoplastic defect occur in the occlusal third of the teeth. 

So, even considering that the teeth were severely worn out – which is not the case of the 

teeth under study – it would be expected that there was not much information loss. The 

possible loss of information due to a higher wear of the elderly individual’s teeth could 

result in the false assumption that there is less hypoplastic defects in more advanced 

ages, which would diminish the strength of the obtained results. 

It is noteworthy that all the possible methodological problems could 

underestimate or overvalue the results obtained in this study and consequently the 

explanatory hypothesis presented. 
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CHAPTER 5 - FINAL CONSIDERATIONS AND FUTURE RESEARCH 
 

What these results show us is that the physiological disruptions originated by stressful 

events early in life, which result in the formation of LEH, have negative health consequences 

resulting in adult premature mortality. This means that there is a relationship between early 

life stressors that originate the formation of linear enamel hypoplasias and early adult 

mortality. That is not a straightforward relationship because it has no statistical significance 

for the individuals who died from non-infectious diseases, as well as for individuals of low 

SES. The variables used as possible confounders in this relationship showed that SES only 

influences the longevity of the individuals without LEH, whereas year of birth affects both 

sub-groups of individuals according to the etiology of their cause of death, with individuals 

who were born earlier living longer. These results are compatible with the hypothesis that 

there is a connection between early life stressors and decreased longevity that cannot be 

explained by a differential exposure to environment, in the individuals who died from non-

infectious diseases. Although SES has no influence in longevity of the individuals with LEH, 

year of birth, which is also an environmental measure, influences age at death.  

Further studies are necessary, especially with identified collections. Ideally, 

information about income and education together with professional occupation – the 

traditional measures of socio-economic status – will help refine the process of grouping 

individuals according to their SES. A more accurate information about SES would 

undoubtedly increase the power of the results obtained. 

Additional information regarding the individuals’ health, like the clinical history of the 

individuals, besides their cause of death, would also be useful to understand if there is a 

strong relationship between non-communicable diseases and early life stressors, despite 

affecting or not the individuals age at death. Knowing the clinical history of the individuals 

would allow the test if there is a relationship between early life stressors and certain 

diseases, like diabetes and cardiovascular diseases. The question whether a certain variable 

affects the individuals’ life expectancy is not the only important issue regarding humans 

health. 
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