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Abstract

The main goal of this work is to demonstrate the suitability of survival analysis for ontogenetic
studies. The research material includes retrospective data of the age of the occurrence of ontoge-
netic events such as birth (N = 487), menarche (N = 2016) and menopause (N = 3597). In order to
study the time of occurrence of ontogenetic events and to indicate the impact of environmental
factors the survival analysis was applied. First, the percentiles of functions established for studied
events were calculated. Next, the Kaplan-Meier survival curves were derived. In the last step the
influence of environmental factors was established and the comparison of groups determined based
on the chosen factors was performed. The delivery time shows that 14% of infants were born pre-
term. The risk of preterm delivery increases with the severity of factors disrupting pregnancy
(from none to coexisting maternal and fetal risk factors) (x; = 64.695; p < 0.001). In the case of
menarche percentile positions indicate that the menarche occurs between the 12th and the 14th
year of life as the period in which most girls exceed the puberty threshold. The Cox’s proportional
hazard model indicates that the time of menarche occurrence is significantly depended ( x? =
41.602; p < 0.001) on the place of the mother’s residence and number of children in the family
(respectively p < 0.03 and p < 0.001). The time interval established for 50% occurrence of this ex-
perience was designated between the 49t and the 52rd years of life. The time of menopause oc-
currence is significantly depended on both of considered factors: the educational level and smok-
ing cigarettes ( x7 =42.365, p < 0.001). Survival analysis is suitable for studies of the distribution
in time of developmental events. It can be used to indicate the factors which significantly influence
the course of development by modifying the duration of developmental stages.
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1. Introduction

In the center of interest of many biologists, especially dealing with human biology, there are issues related to
developmental processes occurring in the individual’s life, from fertilization till death i.e. [1]. The basic para-
digm of developmental phenomena is the statement that an individual during development goes through the
subsequent, genetically determined stages. Crossing to the next stage is equivalent to overcoming the selection
threshold and achievement the opportunity to reach the next life stages [2]. Progresses from one stage to the next
one are considered as the most important events in the individual life, key moments of human development.
Reaching each of them reflects the normal course of the development processes. However, it should be empha-
sized that the organism, in accordance with its genetic properties, actively responds to environmental factors i.e.
[1] [2]-[5]. One of the consequences of interactions between the genotype and environmental conditions is the
diversity in time of achieving the subsequent ontogenetic stages. Thus, researchers dealing with developmental
biology are often interested in the time of occurrence of these events and in indicating the reasons of inter-
individual diversity i.e. [6]-[8].

The existence of such issues creates a necessity for using statistical procedures for which time is the examined
variable. The method suitable for studies of the distribution in time of ontogenetic events and the comparison of
period that passes between the initial stage (for example the fertilization or birth) and the moment of the event’s
occurrence, in the relation to biological and environmental conditions, is the survival analysis. These are a set of
statistical procedures, which enable the study of the appearance and the distribution of events in time. The out-
come variable is the time until an event occurs.

The main goal of this work is to demonstrate the suitability of survival analysis for ontogenetic studies.

2. Materials and Methods

The research material includes retrospective data of the age of the occurrence of ontogenetic events such as birth,
entering the puberty and the end of reproductive period. The considered life events reflect the change of the or-
ganism’ state. The age at birth (gestational age) reflects the time passing from the moment of conception to the
delivery (in weeks); the age of entering the puberty is the time passing from the birth to menarche (in years); and
the age of ending the reproductive period is the time passing from the birth to menopause (in years). The evalua-
tion of the distribution in time of these events was estimated based on the studies of three independent groups of
females. The data of gestational age were taken from 487 live born infants. In the case of the age of menarche
data were collected in the group of 2016 girls aged 8 - 23 years, and in the studies of the age of menopause 3597
women between ages of 35 - 60 years were examined.

In order to study the time passing between the starting point (conception for the evaluation of the gestational
age and the birth for remaining analyses) and the moment of studied event the Kaplan-Meier method was used.
To determine the set of variables, which have an influence on the time of the occurrence of analyzed ontogenetic
events the Kruskal-Wallis test in the case of birth (there were no censored data) and Cox’s proportional hazard
model for the menarche and menopause were employed. Next the most significant modificators were chosen to
present the differentiation of “survival” functions. In the analysis of the influence of environmental components
on the length of prenatal development the maternal and fetal risk factors during the course of pregnancy were
used. The number of children in the family and smoking habits were applied for menarche and menopause re-
spectively. The significance of differences between distinguished groups was calculated using 4 test.

All statistics were performed on the basis of the statistical software package Statistica 10.0 (Statsoft. Inc.
2014).

3. Results

In order to study the time of occurrence of ontogenetic events and to indicate the impact of environmental fac-
tors the survival analysis was applied. First, the percentiles of functions established for studied events were cal-
culated. Next, the Kaplan-Meier survival curves were derived. In the last step the influence of environmental
factors were established and the comparison of groups determined based on the chosen factors was performed.
For the length of prenatal development the pregnancy clinically diagnosed risk factors were used and the num-
ber of children in the family for menarche and smoking habits for menopause were applied.

In the case of the time of birth 50% of newborns were delivered between the 37" and the 40" week of gesta-
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tion (Table 1). The function estimated for the delivery time (Figure 1) shows that 14% of infants were born be-
fore the completion of the 37" week of gestation. Out of them 21% were extremely preterm delivered (x < 29
week of gestation), 29% were very preterm delivered (30 - 32 week of gestation), and preterm delivered (33 - 36
week of gestation) constituted 50% of this group. The distinct slope of curve is visible between the 37" and the
42" week and the largest number of births was observed during the period between the 38" and 40" week of
gestation.

In Table 2 the influence of variables, commonly treated as predictors of the pregnancy duration, was pre-
sented i.e. [9] [10]. It was found that the urbanization level and the presence of prenatal clinically diagnosed risk
factors should be treated as predictors of the gestational age at the delivery moment.

For the particular categories of the clinically diagnosed risk factor [1/none, 2/premature rupture of membranes,
3/maternal disorders, 4/fetal disorders, 5/coexisting maternal and fetal disorders] functions were estimated and
compared (Figure 2). Obtained results showed that the risk of preterm delivery increase with the severity of
factors disrupting pregnancy (from none to coexisting maternal and fetal risk factors) (. = 64.695; p < 0.001)
(Figure 2). Although the curve plotted for infants from pregnancies affected by the premature rupture of mem-
branes until the 37" week had the similar course to the curve plotted for infants delivered from pregnancies not
affected by any disorders and pathologies. In the group of newborns born from pregnancies not threatened by
the occurrence of risk factors the highest frequency of births coincides with the period of term delivery, precise-
ly between the 38" and the 42™ week of gestation. Clearly different course of curves is visible for the time of
birth pregnancies burdened with the occurrence of fetal or maternal and fetal risk factors coexistence. In these
groups the pronounced slope of curves started much earlier, at the 30" week of gestation.

In the case of menarche percentile positions indicate the interval between the 12" and the 14" year of life as
the period in which most girls exceeds the puberty threshold (Table 1)—50% of studied girls entered the puber-
tal stage during these years of life. This result was confirmed by the estimated Kaplan-Meier function and the
curve plotted on its base (Figure 3). Most pronounced decrease is attributable the time lasting from the 12" up
to the 14" year of life. In this period there is the largest number of maturation events. Hence, the age range be-
tween 12 and 14 years may be treated as the most typical time for the menarche occurrence. During this period

Table 1. Percentiles of functions established for studied ontogenetic events.

Percentiles Time of birth (weeks of gestation) Time of menarche (years) Time of menopause (years)
25™ (lower quartile) 37 12 49
50" (median) 39 13 51

75" (upper quartile) 40 14 52
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Figure 1. Kaplan-Meier curve applied to age at delivery.
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Table 2. The set of variables correlated with the length of prenatal development (the Kruskal-Wallis test).

Variable (N = 487) Kruskal-Wallis test H value df p
Mother’s place of residence 25.937 3 <0.001
Mother’s work 2.274 2 >0.05
Father’s work 1.130 2 >0.05
Mother’s education 0.213 2 >0.05
Father’s education 3.017 2 >0.05
Mother’s age 1.808 4 >0.05
Father’s age 1.219 3 >0.05
Birth order 4.605 3 >0.05
Pregnancy order 1.847 3 >0.05
Prenatal (clinically diagnosed) risk factors 64.695 4 <0.001
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Figure 2. Kaplan-Meier curves applied to the age at delivery of infants dis-
tinguished by the categories of pregnancy risk factors.
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of time the largest number of studied event occurrence was noted (particularly in the 13" year of life). Approx-
imately 10% of girls constitute the group of early matured up to the 11" year of live. Less than 2% of girls
reached maturity before this age. The earliest menarche was in the 9" year of life. As expected, most pro-
nounced decrease is attributable the time lasting from the 12" up to the 14" year of life. In this period there is
the largest number of maturation events. However, it should be noted that the completion of 11" year of life may
already be regarded as characteristic for the start time of the studied event. Late menarche (at the 15" year or
even later) was estimated for approximately 5% of girls.

The Cox’s proportional hazard model indicate that the time of menarche occurrence is significantly depended
(7% =41602; p < 0.001) on the place of mother’ residence and number of children in the family (respectively p
<0.03 and p <0.001) (Table 3).

Then curves distinguished by categories of the number of children in the family were compared (Figure 4).
The family size clearly differentiates the age of menarche (yZ =53.182, p < 0.001). As it was mentioned less
than 2% of girls reached maturity up to the age of 11 years. Sections of the curves plotted for a period of time
before that age included many censored data. The curve period where the earliest menarche was noted in the 9"
year of life, but it was observed only in two girls. The differences among plotted curves are clearly visible from
the 11" year. Girls from families with one child experienced the maturation in the earliest age and girls from
families with more children much later. The percentage of late matured girls increase with the family size. For
example in the 15" year of life approximately only 5% of only child and 10% of girls from families with four or
more children did not have menarche, respectively in the 16" year of life 2 and 10 percent.

Table 3. The set of variables correlated with the time of menarche occurrence.

Variable (N = 2016) Beta SE Test t value Wald stat. p
Mother’s education 0.026 0.042 0.624 0.389 >0.05
Father’s education 0.047 0.042 1.118 1.251 >0.05

Mother’s place of residence —0.146 0.065 —2.253 5.078 <0.003
Father’s place of residence 0.093 0.066 1.413 1.997 >0.05
Mother’s work 0.058 0.038 1.522 2.315 >0.05
Father’s work —-0.037 0.048 -0.771 0.595 >0.05
Number of children in the family —-0.115 0.025 —4.656 21.675 <0.001
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Figure 4. Kaplan-Meier curves applied to the age of menarche occurrence of
girls distinguished by the categories of family size.
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The next important event during the women’s life is the end of reproductive period-menopause. The high
proportion of studied women reported the end of the procreation period (63%). The time interval established for
50% occurrence of this experience was designated between the 49" and the 52™ years of life (Table 1). This pe-
riod of time was also indicated by the Kaplan-Meier function (Figure 5). The curve illustrating the distribution
of age of the reproductive expiration is characterized by the distinct slope starting at the 48" year of life and
maintaining for up to the 53" years of life. The largest number of observations falls into the period between the
50" and the 53" year of life. Only 3% of women were classified to the group of women experienced the early
menopause. Until the completion age 47 years there is mild and slight decrease of the plotted curve. Within the
time designated by a starting point of studies (35 years) and the age 47 age only about 6% of surveyed women
had the menopause. In turn, after the completion of the 53" year only 5% of women still retained menstrual
cycle.

As with the above-discussed events the influence of environmental factors was estimated. In this case Cox’s
proportional hazard model indicates that the time of menopause occurrence is significantly depended on both of
considered factors: the educational level and smoking cigarettes (y? = 42.365, p < 0.001) (Table 4).

The curves plotted for women according to their smoking habits (Figure 6) showed that smoking cigarettes
influences the age at menopause (zZ =67.050, p < 0.001). Women who had never smoked experienced meno-
pause at the latest age. In group of smoking women menopause was significantly accelerated compared to non-
smokers and also to casual smokers. The decrease of curves plotted for women smoking at least 10 cigarettes per
day started earlier, at about 3 years with respect to non-smoking women.

4. Discussion

Human biologists, especially dealing with auxological issues are interested in developmental processes occur-
ring in the individual’s life. Ontogenetic development involves irreversible directional changes that occur in ge-
netically determined sequence. These changes are the important events in the individual’s life. The age at which
these events occurred is interpersonal varied. The diversity is the result of the fact that the occurrence of them is
depended on genetic properties and the action of environmental factors [11]. Therefore, in developmental stu-
dies, frequently considered issue is the time which passes between the initial stage (for example birth) and the
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Figure 5. Kaplan-Meier curve applied to age of menopause occurrence.

Table 4. The set of variables correlated with the time of menarche occurrence.

Variable (N = 3597) Beta SE Test t value Wald stat. p
Mother’s education —0.068 0.023 —2.972 8.833 <0.003
Smoking cigarettes 0.161 0.026 6.257 39.152 <0.0021
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Figure 6. Kaplan-Meier curves applied to the age of menarche occurrence of
girls distinguished by the categories of family size.

moment of life event occurrence. In this meaning time refers to the age of an individual when an event occurs.
In biological studies, to resolve these issues many statistical methods are used. Most often, they are allowed to
determine the average age of the studied phenomenon, evaluate the impact of environmental variables, and ex-
amine the interactions between the examined variables. However, frequently there is a necessity for using a sta-
tistical method for which time is the examined variable.

A collection of statistical procedures for which the outcome variable of interest is time (exactly the time until
the studied event occurs) is survival analysis [12]. These procedures enable the study of the appearance and the
distribution of events in time. In medicine it is mainly applied for the estimation of mortality and morbidity [13]
[14]. In biology the survival analysis is applied by researchers dealing with environmental biology. For example,
to evaluate the survival of the examined animal species, or their offspring, in various environmental conditions
i.e. [15]. Despite the name relating to survival this analysis may be applied in studies, which do not relate to sur-
vival in the literal sense. It may be used in human biology studies, which focus on the issues associated with the
time of occurrence of ontogenetic events i.e. [1] [16] [17]. Events which reflect the changing of organism’ state,
thus represent important moments of ontogeny.

The studies, which have been carried out, showed that “survival” analysis is suitable for studies of the distri-
bution in time of developmental events. It can be used to indicate the factors which significantly influence the
course of development by modifying the duration of developmental stages. Moreover, there is a possibility of
comparison of the functions describing the time of studied moment occurrence, according to these factors. The
advantage of survival analysis is the possibility of considering censored data. Sometimes in studies of develop-
mental biology researchers have certain information about the time of the event occurrence but they do not know
this time exactly. The advantage of presented statistical procedures is the ability to rely on censored data. It is
only known that the time until the occurrence of the phenomenon is at least as long as the period that the studied
person has been followed. In the presented studies every data of delivery time were completed. However, in the
case of studies relating to time of menarche and menopause occurrence many of collected data were censored.
They were data obtained from girls who did not have the menarche up to the moment of examination. For those
girls the study ended before this ontogenetic event. Similar situation concerns the studies of menopause occur-
rence. Not every woman has completed a period of the investigated reproductive stage of life.
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