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Abstract 

The main aim of this thesis is to analyse and describe the life length of women between 50 and 75 years 
who lived in northern Sweden in the areas of Skellefteå, Norsjö and Jörn during the 19th century. This 
survival anlaysis will be done on data collected from the 19th century parish registry from 
Demografiska Databasen at Umeå University. The main aim is broken down into a few specific 
research questions. These include the effect on longevity by; the number of children, being married, 
the social status, marital birth, birth number and in which of the three areas that the woman lived in. 
The analysis is executed using the Cox Proportional hazard model which is one of the most commonly 
used methods for analysing survival data. After examining the data, building a model and performing 
the regression, the following result is presented. Evidence for married women to live longer than never 
married women is found. Belonging to the agrarian underclass has a negative effect on longevity and 
there are significant differences between the different communities. There is no evidence of a 
relationship between longevity and the number of children the woman had, and no conclusions can be 
made about longevity and birth number, or longevity and being born within a marriage.  



	  

	  

Sammanfattning 

Titel: Kvinnors livslängd – En överlevnadsanalys på 1800-talskvinnor med Coxregression 

Huvudsyftet med denna uppsats är att analysera och beskriva livslängden hos kvinnor mellan 50 och 
75 år som levde i norra Sverige i Skellefteå, Norsjö och Jörn på 1800-talet. Denna överlevnadsanalys 
görs på data från kyrkböcker och har tillhandahållits av Demografiska Databasen vid Umeå 
Universitet. Huvudmålet bryts ner till ett antal specifika forskningsfrågor. Dessa består av att 
undersöka effekten på livslängd påverkad av antal barn, att vara gift, social status, född inom 
äktenskapet, nummer i barnaskaran samt vilken socken som kvinnan bodde i. Analysen utförs med 
hjälp av Coxregression som är en av de vanligaste metoderna för att genomföra överlevnadsanalys. 
Efter att ha undersökt datat, byggt modellen och genomfört regressionen kan följande resultat 
presenteras. Gifta kvinnor lever längre än ogifta. Att tillhöra agrar underklass har negativ effekt på 
livslängden och signifikanta skillnader mellan livslängd och vilken socken kvinnan bodde i hittades. 
Inget samband hittades mellan livslängden och antal barn samt att inga slutsatser kan dras mellan 
livslängd, född inom äktenskapet eller nummer i barnaskaran.  
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1. Introduction  

The main aim of this thesis is to analyse and describe the longevity of women, who have passed fertile 
age and lived in the areas of Skellefteå, Norsjö and Jörn in northern Sweden during the 19th century. 
This study starts when the women attain the age of 50 years and ends when they reach 75 years. This 
restriction is for this entire paper. The main aim will be accomplished by searching the answers to a 
number of research questions, presented below.  

• Do ever married women live longer than never married women? 

• Does the number of children affect the longevity?  

• Does the social status have any effect on life length?  

• Was it less hazardous to live in Skellefteå, the larger community, than in the smaller 
communities of Norsjö and Jörn? 

• Is there a difference in life length depending on which birth number the individual had among 
its siblings?  

• Does a woman live longer if she was born within a marriage? 

This research will be done on data found in the 19th century parish registries of Skellefteå, Norsjö and 
Jörn, collected from the database of Demografiska Databasen (DDB) at Umeå University. A number of 
variables have been selected, believed to help describe the data and help find the answers to the 
research questions. To analyse the material a Cox Proportional Hazard (Cox PH) model is fitted using 
the statistical software R.  

During the 19th century it was hard work just to stay alive and northern winters were long and cold. In 
the original dataset from DDB 45% did not live to be 18 years old. Related to our data frame the late 
1860s was unusually hard. It affected the regions of interest, Skellefteå, Norsjö and Jörn severely since 
most people were farmers who depended on their crops. (Fahlgren 1956, 253-257, 279)  

Gustav II Adolf ordered the ecclesial community to keep record of the population in Sweden since it 
was considered valuable for taxation and conscription of military personnel. In 1686 it was stated in 
law to include all parishes in the country. Between 1686 and 1991 the church had the sole 
responsibility for the recordkeeping. Though the handling of the registry books was not regulated in 
law until 1860 and the clergymen where rather free to include what data they found important in the 
books. (Kyrkböcker 2011)  

At present time the parish records are a very valuable source of information about life and people in 
the olden days. A lot of research is done on the data and large digitalization projects as DDB are 
continuously under progress, making the data easier to handle and increasingly available. 

1.1 Literature Review 
Bourg É (2007) reviewed research that compares the trade-off between longevity of women and 
number of children. The conclusion of the article is that the effect on women is at best questionable 
and varies in size and direction when comparing studies. Another research carried out by Hurt et al. 
(2006) came to the same conclusion, that there is no evidence of consistency between different studies 
carried out under similar settings.   

The problem with linking fertility to longevity is that under different circumstances the effect is 
different. As an example poor women living in scarcity is affected in a negative way during pregnancy 
and while breastfeeding due to their inability to increase their energy intake. This does on the other 
hand not affect rich women since they live in abundance and can easily replenish their energy supplies. 
(Jasienska 2009)  
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A Finnish study by Joutsenniemi (2006) comparing marital status and self-rated health in health 
surveys carried out in the years of 1978 to 1980 and 2000 to 2001 found that married groups where 
healthier than non-married. This is consistent with the findings of a Canadian life expectancy review 
on 20th century Canadians. Adams (1990) found that married men can expect to survive eight years 
longer than non-married men. The difference is not as remarkable with women. Married women can 
expect three years longer lifespan than their non-married counterparts.  

Kaplan and Kronick (2006) came to a similar conclusion but they also noted that for men over 65 there 
is no significant difference in life expectancy between never married and married. For women in the 
same age group the difference was significant saying that married women live longer. 

A Swedish report by Modin (2003) on male longevity, with primary interest in how marital birth 
affects longevity, found significant evidence that there is a higher hazard for non-married men that 
was born outside of marriage. This study was done on males born between the years 1915 to 1929 so 
these results will probably not apply to women born over 100 years earlier.  

Modin (2003) also saw a significant interaction effect between living non-married and being born 
outside of marriage. For married men marital birth versus born out of marriage had no significant 
effect on longevity while non-married men showed a highly significant effect. Modin (2003) theorize 
that this discrepancy might be due to destructive behavior being predominant with single men and 
that behavior might be intensified due to the social stigma being born illegitimate. 

To sum this up it seems hard to find consistent evidence in any direction when testing longevity with 
number of children. It appears that a married person is healthier and some studies have concluded 
that married live longer than non-married. From this it can be concluded that marital status does 
affect longevity. While some of the research reviewed here is done under different settings, as being 
conducted on 20th century populations, some of these variables might have similar effect in the 19th 
century. Considering Modins (2003) report, the world has changed more from the 1920s till present 
day than between 1800 and 1920. It is important to remember that terms change as time passes. 
Future research will probably report a smaller effect on longevity from variables such as marital birth 
since it is not seen as a disgrace in our time.  
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1.2 Data description 
The studied population consists of women born in Skellefteå, Norsjö and Jörn from year 1800 to 1815. 
When fitting a Cox PH model effects from variables must be constant over time, this is discussed in the 
theory section, chapter 2. To meet this requirement the women will be followed from their 50th 
birthday until they become 75 years or die whichever comes first.  The study starts from the age of 50 
as women by then can be assumed to have passed birth giving age and will have no more pregnancies. 
This is done since it was a huge risk for the mother to give birth to a child (Jasienska 2009). When the 
women reach an age of 75 the effect of covariates are no longer constant, other factors are probably 
affecting the longevity of the oldest people. The length of a year is assumed to 365 days for simplicity. 
After sorting out everyone who did not meet these requirements the sample size was n=1250 
individuals. 

The variables in this study are, as mentioned, selected from the parish registry and delivered by DDB. 
All of these where not suitable for this kind of study and after sorting out the interesting and viable 
variables there are only a few left. The covariates are listed below and they are fixed at the start of the 
study. 

• SurvivalDays - The dependent variable. Number of days the individual survived from the start 
of the study. (Minimum 12 days up to a maximum of 17170 days. The oldest woman lived to be 
a total of 97 years).  

• AktenskapligB - Dichotomous variable, 1 =Born within a marriage, 0=Born outside of 
marriage. In these times it mattered greatly whether the parents was married or not when a 
child was born. Children that were born with an unmarried mother experienced a harder life 
and had a very low social position (Modin 2003).  

• Children - The number of children a woman gave birth to. Discrete variable (Minimum = 0, 
maximum = 21) 

• Civilst - Dichotomous variable, 1=ever married, 0=never married. 

• Forsamling - A factor variable describing the parish the individual belongs to, Skellefteå, 
Norsjö or Jörn. Skellefteå with 1034 Individuals in the dataset was a larger community than 
both Norsjö (132 individuals) and Jörn (84 individuals). Skellefteå is the reference factor. 

• ParitetG - The individuals birth number among its siblings. Number 3 for example means that 
the person was born as child number 3. Discrete variable (minimum = 1, maximum =17). 

• Socmax - Dichotomous variable, the maximum achieved social status. 1=agrarian underclass. 
0=all other social classes consisting of Business owners, Senior officials, Farmers, Self-
employed, Officials, Qualified laborer, Agrarian underclass, Unqualified laborer, Former 
(Authors note: undefined) and Unknown 

 

The women enter the study at a specific age, which means the studied data is left-truncated. In this 
case however, the left-truncation can be overlooked since all individuals enter the study at the same 
age. Hence ‘SurvivalDays’ can be used as the dependent variable without correcting for entry time. The 
material contains observations that are right-censored. Right censoring occurs when an individual’s 
date of death for some reason is a missing value. These observations will be included in the study and 
censored at the date they were last recorded alive. The number of censorings because of a missing 
death date is 97. An important assumption when using censored data in the analysis is that the actual 
survival time for an individual is independent of the censoring, which is the case in this situation. 
(Collett 2003, 4) and (Klein and Moeschberger 1998, 56-59, 288) After investigating the data we 
conclude that we do not have left-censoring or right-truncation. Truncation and Censoring is further 
explained in chapter 2. 
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During a lifetime there are millions of events that will affect longevity and for an analysis to be well 
executed it is important to keep lurking variables as constant as possible. As seen in Figure 1.2.1 the 
histogram over year of death has a peak formed around the years 1867-1870. Further research on the 
subject reveals that famine broke out in 1867 and lasted till 1870. The year 1867 is commonly known as 
“Storsvagåret” and was an unusually hard time for the people in Skellefteå, and the other communities, 
due to bad harvest and on top of that political allocation deficiencies (Fahlgren 1956, 255). The best 
model that can be found using the Cox PH will be tried with a time dependent variable that covers the 
years of the famine, and the result will be analysed. 

 
Figure 1.2.1 Histogram, Year of death. X-axis = Year, Y-axis = Number of deaths. Source: Own calculations 

with our data. 

 

1.3 Problems with the data 
The human factor is a common source of missing data. Random missing values, for example due to 
officials forgetting to note certain variables are not a huge problem if there are not too many. The 
assumption that the missing values are randomly distributed for all groups is not unreasonable to 
make. A more important concern is the risk of systematic error since the clergymen did not have any 
stated objectives on which data to record, the parishes might to some extent have different data 
recorded.  

The risk of a church burning down to the ground with all records lost forever is another possible source 
of missing data. In Norsjö a new church was built in the year 1911 and burned down the next year 
(Våra Kyrkor 1990, 647).  

Loss of data might also have occurred when the parish records where imported by hand into electronic 
databases. A thing to note is that sometimes the birth date or death date is noted as 1st of January or 
30th of June regardless of the exact date. We assume this will not affect the outcome of the study.  

Of the variables included in the study only ‘ParitetG’ has missing values, around 21%. This might affect 
the data unfavorably and has to be considered. The parish records also have a weakness considering 
undetermined data and these dubious values are somewhat open for interpretation. 
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2. Theory 

Analyzing time-to-event data is different from other areas of analysis. A specific matter that needs to 
be handled is the event of losing track of an individual. This becomes a problem if trying to use other 
types of regression models where the hazard might become biased due to censored individuals not 
having a complete life length registered. 

Censoring is usually categorized after which part of the lifetime is missing, the beginning, the end or an 
interval in mid-life. The most common censoring in applied settings is right-censoring which is when 
an individual’s end time, or death, is unidentified. Left censoring is when the start time is unknown to 
the researcher. This can happen for example when studying cancer patients where the individual do 
not enter the study until she is diagnosed with cancer but might have had the cancer for years prior to 
the diagnosis. (Klein and Moeschberger 1998, 57-60)  

Truncation arises when individuals are not even included in the research. As an example consider 
studying life length on a retirement home. To be accepted into the retirement home one has to be 
retired. That means all observations that would have entered the retirement home but died before 
retirement will be left truncated and excluded from research. One of the key assumptions when 
working with left-truncated data is that the individuals delayed entry time and the event time is 
independent given the covariates. (Klein and Moeschberger 1998, 64, 135, 288) Right truncation is the 
opposite, to enter a research the event must have happened before a certain time point (Klein and 
Moeschberger 1998, 56). Say that a research is conducted between 1 Jan 2008 and 31 Dec 2010 where 
time from infection to breakout of a disease is studied. All individuals infected prior to 31 Dec 2010 but 
had a breakout after is never included in the research and this will bias the results. In this study 
truncation is not an issue since we include the entire known population given they have reached an age 
of 50 years.  

2.1 Proportional hazard 
Proportional hazard survival analysis can roughly be split in three categories, descriptive models, 
semi-parametric regression models and parametric regression models. The descriptive or 
nonparametric methods are limited in the sense that they do not handle covariates but can be used to 
compare groups. The Kaplan-Meier estimator is a nonparametric method and plots a survivorship 
function for visual interpretation and gives a probability that the groups have different hazards. The 
semi-parametric models can handle covariates but the underlying baseline hazard function is 
unspecified. The Cox PH is one of the most widely used semi-parametric models (Kleinbaum and Klein 
2005, 95-96). A fully parametric model can be used if the baseline hazard is known through previous 
research. Fitting a parametric model has some advantages, in particular the usability of the coefficients 
and the possibility to fit values to predict longevity. (Hosmer and Lemeshow 1999, 271)  

2.2 Cox PH 
The proportional hazards and the Cox PH theory will only briefly be presented here. For a more 
detailed theoretical walk through please review Cox’s (1972) article, which has been the most common 
way of performing survival research since it was introduced. The model proposed by Cox (1972) for 
proportional hazards is often written as, 

ℎ !,! = ℎ! !   ×  !
!!

!
!!! !!, 2.2.1 

where the hazard function ℎ !,!  must be non-negative (Klein and Moeschberger 1998, 27). ! is a 
vector of random variables, ! = (!!, !!,… , !!). ! is time and !! the random variables unknown 

coefficients where ! = (1,2,… , !). ℎ! !  is the time dependent baseline hazard that represents the 
hazard function for an individual who has all the values of the covariates in the model set to zero. 
exp( !!

!
!!! !!) is the risk function for covariates. (Collett 2003, 72) 
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In survival analysis cumulative hazard ! !,!  is an important concept. It can be thought of as the sum 
of all hazards an individual is exposed to as time goes by. Mathematically this can be written as,  

! !,! = ℎ !,!!
! . 

The corresponding survivor function ! !,!  describes the proportion of a population still alive this is 
interpreted by (Collett 2003, 11) as,  

! ! = Pr  (! ≥ !), 

the probability to survive until time ! or longer. It can be derived from ! !,!  using the equality, 

! !,! = !!!(!,!), 2.2.2 

from Hosmer and Lemeshow (1999, 73). The resulting expression by Hosmer and Lemeshow (1999, 
92-93) is, 

! !,! = [!!(!)]!
!!

!
!!! !!

, 
2.2.3 

where !!(!) is the baseline survivorship function and exp !!
!
!!! !!  is the same risk function for 

covariates as above. (Hosmer and Lemeshow 1999, 90-93).  

Cox PH is a multiplicative model which means that the effects of covariates are multiplicatively 
related. Consider the hazard function in equation 2.2.1, for two covariates it can be rewritten as,  

ℎ !,! = ℎ! !   ×  !(!!!!!!!!!) =   ℎ! !   ×  !(!!!!)×!(!!!!), 

hence a multiplicative model. 

2.3 Proportionality and hazard ratio 
To get the relative hazard ratio (HR) between individuals or groups the exponential of e is calculated 
(Hosmer and Lemeshow 1999, 135). The HR for a single dichotomous covariate shortens down to !! 
according to, 

!" !, ! = !! !   ×  !!(!)

!! !   ×  !!(!)
 , 

where ℎ! !  cancels out, and !!(!) = 1. The denominator becomes one and the HR is reduced to, 

!" !, ! = !!. 

The hazard ratio between two groups must be constant over time since the difference is a 
multiplication of the baseline hazard and the additional risk of the covariate. This is where the 
proportional part of the equation comes in. The foundation when working with Cox PH is the 
proportional hazards. The predictor is said to be proportional if it is not dependent on time. 
(Kleinbaum and Klein 2005, 96-98, 134) Study paragraph 2.5 and 2.6 for information on how to 
evaluate proportionality.  
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2.4 Partial Likelihood estimation 
With a Cox PH model the betas and the survival function is estimated without specifying the baseline 
hazard. As a consequence of this a proportional hazard model cannot be fitted using maximum 
likelihood since the maximum of the likelihood function is dependent on the baseline hazard. In its 
place a partial likelihood is used for estimation. Hosmer and Lemeshow (1999, 93-97) calculate the 
partial likelihood in accordance to Cox (1972) proposal. Cox called it a partial likelihood since it only 
involves the subjects that are confirmed dead when calculating the probabilities. The right-censored 
individuals are only used in the risk set until the time they are censored, that way the censored are also 
contributing to the Likelihood calculations. (Kleinbaum and Klein 2005, 99)  

According to Collett (2003, 64) the maximum partial likelihood estimator ! !  becomes,  

! ! = !!
!!!

!!
!!!!∈!(!!)

!!
!
!!! , 

where !! is a vector of covariates for the !th individual ordered by survival time. !  is the vector of the 
corresponding coefficients. !!   is the observed survival times, !! = !!, !!,… , !!. !(!!) is the individuals 
alive, both censored and uncensored, in the risk set at time !!. The censoring variable !! takes the value 
zero if the !th survival time (!!) is censored, and one otherwise. This is to exclude probabilities of 
censored observations from the likelihood. (Hosmer and Lemeshow 1999, 96) and (Collett 2003, 64) 

In essence the likelihood is subject !s covariate values !"#(!′!) divided by the sum of everyone in the 
risk sets covariate values multiplied over all individuals. The censored individuals are not counted 
since their probabilities are set to one. This has only the vector ! unknown. 

To get the point estimator  ! the log of the likelihood is maximized since the log is easier to handle 
mathematically and it maximizes in the same point as the likelihood function. To find the maximum of 
the log-likelihood the derivative with respect to  ! is set to zero. In order to calculate the p-value and 
the confidence intervals the matrix !(!) is needed. It is found the same way as in ordinary maximum 
likelihood calculations by taking the inverse of the second derivative of the log likelihood  log  (!   ! ). 
(Collett 2003, 69)  

The above estimation is done under the assumption that there are no tied survival times, which in 
most cases is unreasonable to assume. To account for this the true partial likelihood must be 
approximated. According to Hertz-Picciotto and Rockhill (1997) in most scenarios Efrons (1977) 
approximation is the best method and will be used throughout this text. For a mathematical 
explanation of this approximation please review Efrons (1977) text on the matter.  

2.5 Assumptions and model assessment 
The Cox PH model is sensitive to violations of the proportional hazards assumption. The most popular 
way to evaluate the proportional assumption graphically is log-log plots. These are constructed by 
taking the logarithm of the survivor function twice and plot against time or the log of time. Using the 
survivor function in equation 2.2.3 and taking the log twice gives,  

log − log !! ! !
!!

!
!!! !!

= log −! !!
!
!!! !!× log !! !    = !!

!
!!! !! − log log !! ! . 

Note that the function equals the log cumulative hazard log! !,!  according to 2.2.2. This calculation 
should make the plots approximately linear when comparing individuals with different covariate 
values plotted against time, given that the covariates are independent of time. (Collett 2003, 142) If the 
plots are parallel the proportional hazards assumption holds. If proportionality cannot be assumed for 
a variable the variable must be excluded or no conclusions can be drawn from the Cox PH model. 
(Hosmer and Lemeshow 1999, 91) and (Kleinbaum and Klein 2005, 137).  
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2.6 Residuals 
Another way to check proportionality is by performing a Goodness-of-fit test that mathematically 
checks the Schoenfeld residuals on each covariate. !! = the covariate is proportional, and !!= the 
covariate is non-proportional. The result of this test will only be noted as passed or not passed when 
performed in section 4. The Schoenfeld residual  !!"#  is calculated as,  

!!"# = !!(!!" − !!"), 

where, 

!!" =
!!"!!

!!!!∈!(!!)

!!
!!!!∈!(!!)

. 

!!" is the value of the !th covariate and the !th individual, ! = 1,2,… , !  and ! = 1,2,… , ! . !(!!) is the 

risk set at time !! and !! is zero for censored individuals and one for uncensored. This means that all 
censored individuals will end up with a residual of zero.   

In order to calculate the scaled Schoenfeld residuals !!"∗  let !!" = (!!!! , !!!! ,… , !!"#)′ be a vector of the 

Schoenfeld residuals for the !th individuals ! covariates. (Collett 2003, 118) 

!!"∗ = !×!(!)×!!", 

where !(!) is the estimated variance-covariance matrix of Cox PH fitted ! and ! is the number of 
deaths in the dataset. (Collett 2003, 118) 

When fitting a Cox PH model no intuitive residuals exist as in ordinary least square regression. Instead 
several approximations have been proposed to evaluate different parts of the model. The Martingale 
residuals are used to find nonlinearity among the covariates. These residuals (!!") are calculated from 
the Cox-Snell residuals !!"   as, 

!!" = !! − !!", 

where the Cox-Snell residual is,  

!!" = !! !!  . 

!! !!  is the estimated cumulative hazard for the time interval (0, !!) for the !th individual and, 

!! =
0
1  
!"  !"#$%&"'          
!"  !"#$"%&'$( 

as explained by Collett (2003, 112, 115). Expressed in words !!" can be seen as the difference between 
number of observed deaths !! at time !!  and the number of expected deaths  !!(!!) at time !! (Collett 
2003, 116). 

Dfbeta is calculated to show how much the coefficient for each covariate would change if observation ! 
would be excluded. All the ! observations can be found along the y-axis in the dfbeta-plot, and are 
excluded one at a time to calculate the difference in  !.  



	  

	  

9 
	  	  

2.7 Extension of the Cox PH model to handle time dependent covariates 
The original Proportional Hazards model proposed Cox (1972) can be extended to handle time 
dependent covariates (Hosmer and Lemeshow 1999, 250). In order to allow a variable to change with 
time the hazard function must be modified into the following, 

 

ℎ !,!(!) = ℎ! !   ×  !
!!

!
!!! !(!)!. 

The only difference is that !! is substituted with  !(!)!. Now the hazard function is generalized to 

handle both time varying and constant covariates, where the constant covariates have the same value 
for all  !. The partial likelihood function becomes, 

! ! = !!
!!!(!(!))

!!
!!!(!(!))!∈!(!!)

!!
!
!!! , 

this model assumes that the effect,  !, of the time-varying variable stays constant over time. (Hosmer 
and Lemeshow 1999, 250) 

 

3. Method  

There are a number of different ways to study survival data. When covariates are included various 
multiplicative and additive models can be used. An option to the Cox PH model is a parametric model, 
where the baseline hazard function needs to be specified. For a fully parametric model a Weibull 
distribution is one of the most commonly fitted distributions and a Gompertz distribution is commonly 
used for human mortality. (Collett 2003, 190-191) 

Kaplan-Meier estimates are another option when performing survival analysis. The estimation is non-
parametric and can only compare differences between groups. (Hosmer and Lemeshow 1999, 27-84) 
In this study it is only used to estimate the overall survivor function and evaluating the proportionality 
assumption. 

The choice of method in this study is the Cox PH model, a widely used and popular model for survival 
research. A reason for the popularity is that the hazard function is the product of the baseline hazard 
function and the exponential of e, which means that the calculated hazard is always non-negative. An 
additional reason for the popularity is in large part due to the robust semi-parametric nature. The 
robustness means that Cox PH can handle covariates without the need to specify an underlying hazard 
function and will approximate the results from the true model. A drawback with the Cox PH model is 
the requirement of proportionality. For variables breaking the proportional assumption an additive 
model can be fitted that allows the effect of a covariate to change over time. (Kleinbaum and Klein 
2005, 96-98) 

An extended Cox PH model with time-dependent variables is used to account for big environmental 
events such as the famine in the years 1867-1870 which affected the studied areas. This is however 
something that is needed to be taken with a grain of salt since it is purely mathematically calculated 
variable with the only empirical connection that during certain time periods more people died, which 
is obvious when looking at Figure 1.2.1. The variable used is,  

• Famine. Dichotomous, time dependent variable. 1= year 1867 to 1870. 0= else. 
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4. Empirical Findings  

4.1 The survivor function  
The plot of the Kaplan-Meier survivor function estimate Figure 4.1.1 shows how quickly the population 
dies. It plots the proportion that still was alive at a certain age. The points marked along the plot 
represent individuals becoming censored. At the age of 75 years the study stops, and after that no 
deaths is observed, instead individuals alive are treated as censored in the regression. In the figure this 
is marked grey. 

 

Figure 4.1.1 Estimated Survival plot. X-axis = Individuals age of death. Y-axis= Proportion of survivors.  

Source: Own calculations with our data.  

 

4.2 Proportional hazards assumption  
The assumption of proportional hazards is checked to see whether the covariates could be used in the 
Cox PH model. This is as mentioned in paragraph 2.5 done graphically with log-log plots. The key is to 
check if the lines in the upper part of the plot are parallel. If it can be concluded that the lines are 
parallel it means that the hazard is constant over time and the assumption of proportionality holds. 
(Klein and Moeschberger 1998, 338-342) 

In Figure 4.2.1, on the next page, the log-log plot of ‘AktenskapligB’ is shown. The two lines are not 
parallel i.e. the hazard is not constant over time and the proportional assumption is violated. Therefore 
‘AktenskapligB’ can not be included in the model. This removal is discussed in part 5.  
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Figure 4.2.1 Kaplan-Meier log-log plot of the variable ‘AktenskapligB’. On the X-axis is the time. On the Y-

axis is log(-log(survival)). Source: Own calculations with our data. 

The plots for ‘Forsamling’, ‘Civilst’ and ‘Socmax’ is shown in Figures 7.1.1 to 7.1.3 in Appendix A. 
‘Forsamling’ seems to fulfil the proportionality assumption. The decision of whether or not to keep 
‘Civilst’ and ‘Socmax’ is not easy choices. We argue that more observations would smooth the curve to 
meet the assumption and therefore ‘Socmax’ is kept in the model. ‘Civilst’ is also kept in the model for 
a similar reason, but both will be carefully checked with a goodness-of-fit test. To check a continuous 
or discrete variable graphically is difficult so the same goodness-of-fit test will be used to check the 
proportionality assumption for the discrete variables ‘Children’ and ‘ParitetG’. 

4.3 Model building 
Table 4.3.1 shows variables checked alone one at a time. The lower 0.95 and upper 0.95 confidence 
intervals of the hazard ratios are shown. This table helps give a hint how the covariates acts on its own 
and shows if the hazard is low or high. 

 Lower .95 Upper .95 

AktenskapligB  0.5251  1.228 
Children 0.9693 1.011 
Civilst 0.6172 0.9409 
Forsamling[NOR] 0.6823 1.1398 
Forsamling[JRN] 0.4534 0.9058 
ParitetG 0.9495 1.011 
Socmax 1.114 1.778 

Table 4.3.1 Single variables fitted by themselves one at a time in a Cox PH model. 
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When evaluating the models the model likelihood significance is regarded in first hand and secondly 
the covariate p-values. In the process of building the model the starting point is the full model and 
from there a backward reducing process is used. This entail that all variables are included, even those 
where the proportional assumption is doubtfully met, as discussed above. The result is displayed in 
Table 4.3.2. All covariates in this first model pass the goodness-of-fit test.  

In model 1 the result shows it is a lot more hazardous to live in Jörn, compared to live in Skellefteå. 
However this is the opposite of the results in Table 4.3.1. Further investigation shows that almost all of 
the observations of ‘ParitetG’ that should be collected from Jörn are missing. There must be some kind 
of systematic error. This concludes that the covariate can not be included in the model and is removed. 

 Lower .95 Upper .95 P-value 

Children 0.9685 1.026 0.8311 

Civilst 0.6168 1.096 0.1815 
Forsamling[NOR] 0.6239 1.143 0.4696 
Forsamling[JRN] 0.9907 4.475 0.0529 
ParitetG 0.9548 1.017 0.3641 
Socmax 0.8466 1.597 0.3516 
    
Overall test: Likelihood ratio = 9.57 on 6 df, p=0.1440, n=932, all variables passed the Goodness-of-fit 
test 

Table 4.3.2  Model 1 

In model 2, seen in Table 4.3.3, the Likelihood ratio is higher, which indicates a better model then the 
previous one. From these results it is clear that something is in fact strange about the covariate 
‘ParitetG’. The relative hazard rate for Forsamling[JRN] has now been restored to its original, low risk. 
Now ‘Children’ is now removed from the model since it has the worst p-value. 

 Lower .95 Upper .95 P-value 

Children 0.9823 1.0318 0.5896 
Civilst 0.6225 1.0283 0.0816 
Forsamling[NOR] 0.6881 1.1499 0.3714 
Forsamling[JRN] 0.4703 0.9417 0.0215 
Socmax 1.0440 1.6950 0.0210 
    
Overall test: Likelihood ratio = 17.77 on 5 df, p=0.003255, n=1250, all variables passed the Goodness-
of-fit test 

Table 4.3.3  Model 2 

The likelihood in model 3 is slightly lower than in model 2, and the covariates new p-values has not 
clearly improved after removing ‘Children’. See Table 4.3.4. This indicates that there was no 
interaction effect between ‘Children’ and the remaining variables.  

 Lower .95 Upper .95 P-value 
Civilst 0.6656 1.0294 0.0892 
Forsamling[NOR] 0.6893 1.1518 0.3783 
Forsamling[JRN] 0.4701 0.9414 0.0214 
Socmax 1.0383 1.6811 0.0235 
    
Overall test: Likelihood ratio =17.47 on 4 df, p=0.001563, n=1250, all variables passed the Goodness-of-
fit test 

Table 4.3.4 Model 3 
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Model number 4 in Table 4.3.5 has good p-values but has a notably lower likelihood ratio. Removing 
‘Forsamling’ did not improve the P-value of the model. 
 Lower .95 Upper .95 P-value 
Civilst 0.6501 1.005 0.0555 
Socmax 1.0458 1.694 0.0201 
    
Overall test: Likelihood ratio =11.05 on 2 df, p=0.003985, n=1250, all variables passed the Goodness-
of-fit test 

Table 4.3.5 Model 4 

4.4 Time dependent model 
 
The next model, number 5, contains our own experimental calculations. Here the time dependent 
variable ‘Famine’ is added to the Cox PH model. Both the model and the variable itself are highly 
significant. The results are shown in Table 4.4.1 and will be discussed in chapter 5.2. 
 
 Lower .95 Upper .95 P-value 
Children 0.9832 1.031 0.5748 
Civilst 0.6175 1.004 0.0537 
Forsamling[NOR] 0.7629 1.233 0.8039 
Forsamling[JRN] 0.5383 1.023 0.0689 
Socmax 0.9908 1.597 0.0596 
Famine  1.5042 2.232 1.80*10-9 
    
Overall test: Likelihood ratio = 46.57 on 6 df, p=2.348*10-9, n=1250, all variables passed the Goodness-
of-fit test 

Table 4.4.1 Model 5. Cox PH model with time dependent variable 

 

4.5 Summary  
 
A summation of the models can be found in Table 4.5.1. Interaction effects have been checked in every 
model but none was found to be significant. The final model is the model with the best likelihood ratio 
test and p-value. The detailed results are presented and discussed in section 5. The r-code used can be 
found in Appendix B. 
 
 Likelihood ratio test df p-value n 
Model 1 9.57 6 0.1440 932 
Model 2 17.77 5 0.003255 1250 
Model 3 17.47 4 0.001563 1250 
Model 4 11.05 2 0.003985 1250 
     
Model 5 46.57 6 2.348*10-9 1250 

Table 4.5.1 Summary table of the models 
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4.6 Checking the final model 
The final model has to be evaluated in regards to the assumptions made in order to allow conclusions 
to be drawn from it. Since most of the covariates are dichotomous, linearity is not an issue and the 
plots of Martingale residuals not informative. Therefore those pots are not included here. In Figure 
4.6.1 the only discrete variable ‘Children’ is plotted and the smoothed line does look linear. 

 
Figure 4.6.1  Martingale residuals - Test for nonlinearity. Source: Own calculations with our data. 

 

Looking for influential observations, none of the covariates has any exceptionally influential outliers. 
‘Children’ has one outlier but since the variable is insignificant anyhow and there does not seem to be 
anything extraordinary about the observation. See Figure 4.6.2. 

 
Figure 4.6.2  Dfbeta, Check for influential observations. Source: Own calculations with our data. 
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The next plots, in Figure 4.6.3, are helpful for evaluating the proportionality assumption, while hard to 
see, the smoothed line between the dashed confidence intervals is supposed to be as near a straight 
horizontal line as possible. The covariates are approximately proportional, which is no surprise since 
proportionality was checked both before taking the variables into the model as well as after.  

 

 
Figure 4.6.3 Schoenfeld residuals test of proportional hazards 

From the plots in this section we draw the conclusion that all variables included in the model satisfy 
the assumptions. 
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5. Results, analysis and discussion  

All conclusions are made with the restriction that the women are between the ages of 50 and 75 years. 
When choosing the final model number 5 looks like the best candidate when looking at Table 4.5.1, 
since it has the highest Likelihood ratio and a clearly significant p-value. However the model is 
experimental and created in order to try to examine the famine that made the country starve and the 
implementations of the result is vague. Therefore it will not be chosen as the final model. Instead the 
choice stands between model 2 and 3 who has the second and third highest likelihood ratios and highly 
significant p-values for the entire model. Model 2 is chosen since it contains the variable ‘Children’ 
which is the subject of one of the research questions and therefore gives us more information. The final 
model has the following form,  

ℎ! ! = ℎ! ! ×!"#(!!!ℎ!"#$%&! + !!!"#"$%&! + !!!"#$%&'()*! + !!!"#$%&!). The details are shown in 
Table 5.1.1 below. 

 exp(coef) = Estimated 
Relative Hazard Ratio (!") 

Lower .95 Upper .95 exp(-coef) P-value 

Children 1.0068 0.9823 1.0318 0.9933 0.5896 
Civilst 0.8001 0.6225 1.0283 1.2499 0.0816 
Forsamling[NOR] 0.8895 0.6881 1.1499 1.1242 0.3714 
Forsamling[JRN] 0.6655 0.4703 0.9417 1.5026 0.0215 
Socmax 1.3302 1.0440 1.6950 0.7518 0.0210 
      
Likelihood ratio test = 17.77 on 5 df, p=0.003255, n=1250 

Table 5.1.1 The final Cox PH estimates in R 

This model has no missing values, is highly significant with a p-value < 0.01 and all variables passed 
the goodness-of-fit test for proportionality, which makes it possible to draw conclusions from the 
model. We find no significant evidence that the life length of women who has lived post 50 years are 
related to the number of children they gave birth to. The reason for this might be that the years of birth 
giving are the dangerous years for a woman. Not only the pregnancy itself and the labor where 
dangerous, today doctors have a lot more information and it is considered common knowledge that a 
woman with the blood group RhD-negative might produce antibodies against her child. Today a shot is 
given to the mother preventing her and her fetus from being harmed. (Attnäs 2007)  

In the 19th century this was an unknown risk, the result of the study states that as long as she survived 
all the dangers connected to pregnancy her longevity is unaffected by how many children she had. In 
assessment of previous studies by Jasienska (2009), Bourg É (2007) and Hurt et al. (2006) it seems 
that there is no surprise that no evidence was found connecting the of number of children to longevity. 
The variable ‘Civilst’ is significant on a 10% level and the HR is 0.80, or equivalently, the relative risk to 
die for non-married women is 1.25 times higher than for those that are married. The result that 
married women live longer finds support in a large part of the reviewed studies, such as Kaplan and 
Kronick (2006) and Adams (1990). It can probably be stated that living married is beneficial for a 
woman’s health. Theoretically being married would have provided the family with more labor and 
therefore more income and would make the whole family better-off and live longer. 

‘Socmax’ was a difficult variable to include in the study. There was no way to conclude that the 10 
social levels that it originally consisted of were equidistant. Therefore all levels where investigated 
thoroughly with log-log plots in search of one or more ways to split the levels that could be used and 
retain proportionality. Only level seven, the agrarian underclass when compared to all other classes 
showed significance. This is the reason the variable was included in the model in a dichotomous form 
comparing class seven to all others. Theoretically we backup the inclusion with the argument that this 
is the hardest working poor social class, with only the levels label “unqualified workers”, “former 
(Authors note: unspecified)” and “unknown” under it.  
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The HR for ‘Socmax’ is 1.33, and is significant on a 5% level. This means that the relative hazard rate is 
1.33 times higher for the agrarian underclass compared to all other social classes. It is not surprising 
that the risk to die is higher for the agrarian underclass. Having a low social status was often equal to 
being poor and having to work hard all your life. Another interesting thing is that only 64% of the 
agrarian underclass is married compared to around 89% for all other classes. A theoretical explanation 
could be that it was not attractive to marry a poor person and we imagine that everyone tried to marry 
up on the social ladder. Statistically this could introduce confounding and influence the result. This 
means that the result has to be interpreted with care. A larger study with more observations might give 
a more correct image of the actual relationship of longevity and social status. 

When it comes to the parish an individual belongs to the relative risk is 1.5 times higher for those living 
in Skellefteå compared to those living in Jörn but there is no significant difference between the 
estimated hazard rates of Skellefteå and Norsjö. It is a quite interesting finding that it was less 
hazardous to live in Jörn. A closer look at the data reveals that fewer than expected individuals in Jörn 
are of the hazardous group agrarian underclass. This is 3.5% of the Jörn subset of 84 individuals, 
compared to roughly 9% for Skellefteå and Norsjö. However we ran the same model filtering out 
individuals of agrarian underclass, and longevity in Jörn was still significantly higher so this deviation 
does not explain the difference. 

The birth number, included in the model as ‘ParitetG’ was the only variable with missing values. It 
seems that these missing values have a skewed distribution with lots missing for Norsjö and Jörn, 
which is probably the reason for messing up the results when included in the model. This was 
confirmed after the variable was removed. The parish records are full of dubious values and to some 
extent open for interpretation. An example is the variable ‘AktenskapligB‘ with the original categories 
“unknown”, “within marriage”, “out of marriage” and “born between engagement and marriage”. The 
question what the “unknown” category actually included was raised. Investigation revealed that if a 
child was born outside of marriage it was carefully noted in the parish records. On the other hand 
when a child was born within marriage the priest sometimes did not make a note, hence the category 
“unknown”. After discovering this ‘AktenskapligB‘ was turned into a dichotomous covariate where the 
categories “unknown” and “within marriage” was combined and noted as 1, and the categories “out of 
marriage” and “born between engagement and marriage” was combined and noted as 0.  

The variable ‘AktenskapligB’ could not be included in the analysis since it violated the proportional 
assumption when checked with a log-log plot. This was confirmed with a goodness-of-fit-test. No 
conclusions can therefore be drawn about longevity and being born within marriage. Removing a 
variable from the analysis is a loss of information and is never desirable. A future study, using an 
additive model, mentioned in chapter 5.3 is suggested. The research questions stated in the beginning 
of this study can now be answered:   

• There is evidence that the married women in this study live longer then never married women. 

• There is no evidence of a relationship between longevity and the number of children the 
woman had. 

• Yes there is empirical evidence that social status has an effect on longevity. The agrarian 
underclass has a higher risk to die compared to the other social classes. 

• It was not less hazardous to live in Skellefteå. It was actually less hazardous to live in Jörn, 
compared to Skellefteå. No difference was found between Skellefteå and Norsjö so no 
conclusion can be drawn from the size of the community. 

• No conclusion can be drawn about longevity and birth number or being born within a 
marriage. 
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5.2 Analysis of the time dependent model 
The model 5 that includes our own experimental time varying variable, which accounts for the famine, 
is highly significant and so is the covariate ‘Famine’. It has a hazard ratio of 1.5 – 2.2 with a 95% 
Confidence interval. No interaction effect with the other variables was found to be significant. From 
this we draw the conclusion that famine did not affect any particular group worse than it affected any 
other. Because of the models experimental setup this conclusion and that famine is dangerous are the 
only conclusions that can be drawn. 

5.3 Future research 
Enlarging the sample size to help draw conclusions is a recommendation. A way to increase the sample 
size is to not only concentrate on women born in the years 1800-1815 and extend the timeframe to 
include women born from for example the year 1750 and forward. But care has to be taken to only 
include women of similar settings since the environment change continuously.  

To simply remove ‘AktenskapligB’ means losing information which is not a good thing. In a future 
study we want to try fitting an additive model in an attempt to use all information available. This might 
give an answer to the question whether a woman lived longer if she was born within a marriage.  

The result about the individuals in Jörn would be interesting to examine further. Perhaps a larger 
study of the area could reveal something different, or strengthen the result in this study. Could it be 
that living in a smaller community was healthier due to diseases thriving in more densely populated 
areas? Or that people were generally more helpful to each other? There might be an explanation in 
literature about the region and this would be interesting to analyse qualitatively. 

Something else that would be interesting to examine further is the relation between all 10 levels in 
socmax. How come only one class is different from the rest? Are there any undiscovered strange 
relationships?  

A prospect research on another population would be interesting to perform with time dependent 
variables, counting for large and important events, carefully calculated and implemented in the model. 
The research would focus on how these events effect different parts of the society.  
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7. Appendix A 

 

Figure 7.1.1 Kaplan-Meier log-log plot of the variable ‘Forsamling’. On the X-axis is the time. On the Y-axis is 

log(-log(survival)). Source: Own calculations with our data. 

 

 

 

Figure 7.1.2 Kaplan-Meier log-log plot of the variable ‘Civilst’. On the X-axis is the time. On the Y-axis is log(-

log(survival)). Source: Own calculations with our data. 
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Figure 7.1.3 Kaplan-Meier log-log plot of the variable ‘Socmax’. On the X-axis is the time. On the Y-axis is 

log(-log(survival)). Source: Own calculations with our data. 
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8. Appendix B 

The r-code used to run the Cox-regression for the final model is presented here. The package ‘survival’ 
is required. 

 

> CoxModel.1 <- coxph(Surv(SurvivalDays,CENSover75years) ~ Children + Civilst + 
Forsamling + socmax, method="efron",  
+   data=Dataset) 
 
> summary(CoxModel.1) 

 
 

 


