M 602 APPLIED STATISTICS: (Unit 3: VITAL STATISTICS)
> Fertility: Fertility is the ability to conceive and give birth to children.

» Fecundity is a measure of the number of offspring produced by an organism over time. It
is also called the reproductive rate of an organism. Fecundity is measured by the number
of offspring that are created successfully.

> Difference between Fertility and Fecundity: There exist difference between fertility
and fecundity. These are as follows:

1. Fertility is the capacity to produce children. But fecundity is the biological capacity to

produce children.

2. Fertility is modifiable, i.e., it can be increase and decrease as per the needs and desire

of people. But fecundity is non-modifiable.

3. Fertility refers to the actual reproductive performance of an individual or a group
while fecundity refers to potential reproductive performance of an individual or a
group.

Fertility is a quantitative concept, while fecundity is a qualitative approach.

Fertility is affected by fecundity, but fecundity is not affected by fertility.

Fertility is exhibited by females only, while fecundity is exhibited by both males and

females.

7. Fertility play direct role in population growth. But fecundity has indirect role in
population growth.
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» Measurement of Fertility: The basic measures are of three types:
1) Period Measure: This type of measure relates to a particular period and based on data
pertaining to it. The vital registration system provides data for one year.
2) Another measure of fertility refers to the reproductive performance of women up to
certain time.
3) Another measure of fertility attempts to measure it indirectly on the basis of the age
and sex distribution of the population.

Based on these three types of measurement of fertility the following measures of
measures of fertility:

1. Crude Birth Rate: The crude birth rate is the ratio of the total registered live births in
a specified year in a particular area to the total mid-year population of that area
multiplied by one thousand. This is expressed as follows:
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where
B is the total number of live births during a year;
P is the total population in the middle of that year; and
K is '1,000.

The crude birth rate for a sample area of Calcutta city for 1967-68 may
be computed as follows:

Number of live births during 1967-68 = 163
Total mid-year population during 1967-68 = 9281

163
.*. Crude birth rate during 1967-68 = 3381 % 1,000
= 17.56.

The crude birth rate of 17.56 indicates that in the sample area of Calcutta
city, there had been 17.56 births per 1,000 population during 1967-68.



. General fertility rate: It is the ratio of total live births in some specified year in a
particular area to the number of women in the child bearing age, multiplied 1000. This
is expressed by the following formula:
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whene :
B is the mamber of live births during a year,

P iz the mid-yvear population of women between the ages of 15 and 44 or
49, amd

K is 1,0,

The gencral fertility rate in the sample arca of Calcutta city during 1967-
68 may then be computed as follows:

Mumber of live births during 1967-68 = 163
Mid-year female populstion in the age

Eroup 15-44 during 1967-68 = ] 882

: 163
General ferility rate during 196768 = ——=0x 1.000

= B Al

The general fenility rale of 85 61 indicates that, in 19267-68, in the sample area
of Calcuita city, there were B6.61 birnhs per 1,00 women in the child-bearing
age group of women.

3. Ape specific fertility rates. The general fertility rade is mot a wery
effective refinement of crude birth rade. [ loses sight of ithe oot that the
focundity of women changes during the span of the child beanng period.
Therefone, further refinement of fertility mecasures leads (o the development of
Age Specific Ferility Raie, which is computed as Follows:
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where

&, is the number of live births o mothers of a specified age group in the

population during a year,

g, is the mid-yvear female population in the same age group;

ias 1,000

The age specific fertility rate for women in the age group 20 o 24 in the
sample arca of Calcutta city during 1967-68 is:

Number of live births o0 women in the
age group 20-24 during 1967-68 = 57

Mumber of women in the age group
20-24 during 1967-68 = /T

Therefore:
The age specific fertility rate for the 57
age group 20-24 during 196763 = — 1,000

= 147.29.

Age specific fertility rates are not affecied by variations in age structure.
Therefore, these are considered 1o be refined. Since these rates are with reference
to married women they are called age specific marital fertility rates, These are
further refined. However, the comparison between two population groups on the
basis of age specific fertility rates is full of difficultics. Therefore, Total Fertility
Rate is required for such purposes.



4. Total fertility rate. Total fertility rate is the sum of the age specific
fertility rates of women in each five-year age group from 15 to 44 or 49. This
is computed by dividing the number of births with the number of women
multiplied by 1,000. For example, age specific fertility rate for the sample arca
in Calcutta city during 1967-68 is calculated as follows:

Sum of all the age specific feriility rates of women in each five-year age
group from 15 to 44 = 467.15

Total fertility rate = (467.15) = 5 + 1,000
= 2.34

The total fertility rate, according to George W. Barclay, is a hypothetical
rate indicating, “‘the total number of children that would ever be born to a
(hypothetical) group of women, if the group passed through its reproductive
span of life with these birth rates in each yvear of age.”” It is believed that the
women in this hypothetical group would survive till the end of the reproductive
period: Total fertility rate is panticularly useful for comparisons between the
reproductive performance of two groups of women in two countries or in the
same country.

5. Gross reproduction rate. While the total fertility rate refers to the total
number of children a group of women is expected to have, the gross reproduction
rate is restricted only to the number of female children. This is computed by
summing up age specific fertility rates, multiplying the sum by 5 and finally
dividing the product by 1,000. For example, the gross reproduction rate for the
sample area in Calcutta city will be computed as follows:

Total fertility rate = 2.34

Gross production rate = 2.34 x 0.49 = 1.15

In the above calculation the digit 0 49 has been arrived by assuming that
the sex ratio at birth is 105 male babies per 100 female babies. '

Alternate formula to calculate GRR:
GRR = TFR x (Proportion of female births)
Or
GRR = YASFR x( Bi/(B¢+Bp))
+ GRR, like TFR, assumes that the hypothetical cohort of women pass from birth

through their reproductive life without experiencing mortality. S

+«+ This assumption is satisfactory when one wants to compare levels of fertility and/or
gross reproduction across populations and over time. S

+« But, for a more realistic assessment of the reproductive potential of a population,
taking into account mortality, one needs to calculate the Net Reproduction Rate
(NRR).

6. Net Reproduction Rate (NRR): NRR refers to average number of daughters that would
be born to a woman if she passed through her life-time from birth to the end of her

reproductive years conforming to the age-specific fertility and mortality rates of a given year.



NRR is calculated by the following formula:

g £ 'L;- - Survivorship value for female

A

Summing over the Female ASFR
age 15to 49

Merit of NRR: It takes into account both fertility and survival in getting one indicator of

productivity of a population.
Demerit of NRR:

a) Itrequires detailed data on fertility and survival of women, up to age of 50 years.
b) It does not take into account that women born in different years may have different

fertility and survival.
Net Reproduction Rate: Relationship with GRR and TFR

NRR is always lower than GRR, because it takes into account the fact that some women will

die before entering and completing their child-bearing years. S Correspondingly NRR will be
less than half the magnitude of the TFR

MORTALITY RATES:

Mortality rates measure the frequency of occurrence of death in a defined population durin a
specified interval.

Why mortality rates are important?
Mortality rates are important due to a number of reasons, which are as follows:

1) It shows the difference in the risk of dying from a disease.

i) It can serve as measures of disease severity.

i) It serves as substitutes for incidence rates when the disease being studied is severe
and lethal one.

Essential Component of Mortality rates:
e A population group exposed to the risk of death.



e Atime period
e The number of deaths occurring in the population during that time period.

Types of Mortality Rates:

Crude Death Rate (CDR): It is a rate of number of deaths in an area in a year per 1000
population counted at midyear.
Total no.of deaths in a year

CDR = x 1000
No.of persons in the population at mid year

Merits:

i) It is most widely used of vital statistics rates.
i) It is an actual summary rate.

iii) It is readily calculable.

iv) It is a probability rate.

Demerits:
i) It does not give attention to the age and sex composition of population.
i) It is not suitable for comparing the mortality situation of two different regions
unless the population of the regions being compared have identical age and sex
composition.

Specific Death Rate (SDR): Death rate computed for a specific segment of the population is
called specific death rate.

Total no.of deaths in the specified section of a population in the
given period in a given region

SDR = Total no.of persons in the specified section of a population in the x 1000
given period in a given region
Merits:
)] It considers homogeneous subgroups.
i) It is a detailed rate.

iii) It is useful for epidemiologic and public health purpose.
iv) It supply the basic tools required for constructing life table and net reproduction
rates.

Demerits:

)] It completely ignores some factors such as occupation, race, place of living etc.
which may play important role for the mortality of the population under
consideration.

i) It cannot be used for overall comparison of mortality conditions prevailing in two
different regions.

Standardised Death Rate (StDR): Suppose we are to compare the mortality pattern of two
regions. In this case CDR is not a suitable measure since it does not give attention to the age
and sex composition and other characteristics of population. Hence for such comparison the
population has to be standardised.

Standardization is a set of techniques used to remove as far as possible the effects of
differences in age or other confounding variables when comparing two or more variables. In
standardisation the specific death rates are combined to make adjustment for age composition
of the population.



Standardisation of rates are of two types:

- Direct standardisation
- Indirect standardisation

(@ Direct method of standardisation : In this method we f:onsider a third PPPS‘"“"?';;
walled a standard population. Suppose the number of persons in the age group X 10 x+
gﬂmle: ;us;l;rd pomgion. is P2. Then the standardised death rates for the regions A and
B will be i & P
B wil 5 i P

X

| : A=
(STDR) ¥ P

¥ my P
and (STDR)® = 2 S P
A

C is obtained by replacing the unknown values m3 by the known
roximate value of C (denoted by C) is

IR

t evaluate the value of C exactly since m?, values are not known. Hence,

| (STDR) = (CDR) x C
This two methods lead to about the same value if the age-specific death rates for the

givenmp;)puluiou happened to be proportional to the age-specific death rates of the standard
population.



. Steps involved in indirect method of standardisation:

1)
2)

3)
4)

5)
6)

First step is to choose a standard population.

In second step, we have to calculate the observed number of deaths in the population
of interest.

Apply the age-specific mortality rates from the chosen standard population to the
population of interest.

Multiply the number of people in each age group of the population of interest by the
age-specific mortality rate in the comparable age group of the reference population.
Sum the total number of expected deaths for each population of interest

Divide the total number of observed deaths of the population of interest by the
expected deaths.

Issues involved in the use of standardisation (or Limitations of Standardisation):

The following limitations or issues are involved in the use of standardisation:

a)

b)

c)
d)

Standardisation rates are used for the comparison of two or more population, which
represented as a weighted average of the age specific rates taken from a standard
population and are not actual rates.

The direct method of standardisation requires that the age-specific rates for all
population being studied are available and that a standard population is defined.

The indirect method of standardisation requires the total number of cases.

As the choice of a standard population will affect the comparison between
populations, it should be always be stated clearly which standard population has been
applied.

Limitations of mortality data:

The following are the limitations of mortality data:

a)
b)
c)
d)
e)

Incomplete reporting of deaths.

Inaccuracy in recording of age and cause of death.
Lack of uniformity.

Choosing a single cause of death.

Diseases with low fatality are ignored.

Relevance of Mortality rates in public health:

Mortality rates have the following relevance in public health:

a)
b)

c)
d)

It is a single indicator which can signal a broad range of health problems.

It is clearly an index of the severity of a disease from both clinical and public health
stand points.

It can also be used as an index of the risk for disease.

Mortality rates are good reflection of incidence rates under two conditions:

i) When the case fatality rate is high

i) When the duration of disease is short.



