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ABSTRACT

In this paper, a graphical analysis of the data on the
incidences and mid year population in Scotland for 1960-
1989 is done to study the temporal variation. The incidence
rates along with the 95% confidence limits for the mean
incidences are calculated. The main conclusion is that while
the incidence rates are higher in older people the increase
over time is mainly a result of cohort effects.

1. INTRODUCTION

The incidence rate of a disease is the number of cases occurring per unit of
time per person (Lancaster, 1974). Usually the incidence rate is calculated
per thousand per annum or per hundred thousand per annum, Incidence
rates can be used to study temporal variations occurring in any event, over a
considerable continuum of time. By the study of incidence rates we would
come to know whether these are increasing or decreasing. This could effect
the health planning. For example, if the rates are increasing some planning
could be made to increase the number of beds in the hospitaL

Epidemiology deals with the patterns of disease occurrence in human
populations, and with the identification of the factors that influence these
patterns (Lilienfeld and Lilienfeld, 1980). Epidemiologists are particularly
concerned with the presentation and interpretation of temporal variations in
cancer rates.
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The data on incidences of cancer of the larynx are used to study the
temporal variation of incidence of cancer of the larynx by analyzing the set of
rates arranged in two-way tables of age at incidence by time and periods of
incidence. Birth cohort is another factor, which can play an important role in
producing influencing the trends of in cancer of the larynx. Age, period and
cohort models are the usual approach for estimating temporal variation~
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Information on all cases of cancer of the larynx for Scotland for the period
1960-1989 is available in the office of the Registrar General for Scotland
(1992)

For each person with cancer of the larynx the sex, age in years, year of
registration and year of birth are held as individual records i.e. there is one
record for each case giving details of age at incidence, date of incidence and
date of birth. Data on mid period populations for 5-year age groups are also
available. These data on the individual records are collapsed to form 3 way
tables of age group by time period by birth cohort and 2 way tables of age
group by time period for males and females separately. These data in the
form of these tables can be used to study the trend in cancer of the larynx.
The 2 way tables represent 10 year overlapping cohorts and the 3 way tables
represent 5-year non-overlapping cohorts.

These data can be used to study the trends for the incidence of cancer of the
larynx by analyzing the set of rates arranged in two-way tables of Age at
incidence by time period of incidence. A number of different methods are
available to estimate the separate effects of age, period and cohort. Some
require the use of a three-way table while others require a two-way table.

After the age of thirty, the capacity of the human body to resist a disease may
deteriorate as the age increases, Age is considered a vital factor in studying
the rate of increase of a particular disease. Due to ever going developments
in the universe many factors influence the human body negatively. All these
factors can be safely summed up into one factor called the time period. Time
period may be called responsible for temporal variation in the spread and
extent of a disease, Another factor, which is apparently hidden in age and
time period, may also be responsible for the temporal variatiori in some
particular disease. This factor is the birth cohort. An atlempt can be made to
find out if age, period or cohort can explain temporal variation, if any, in the
incidence data mentioned earlier.

2 MATERIALS AND METHODS

The two-way tables by age group and calenda~.period are available for males
and females separately. The rows correspond to the age groups and the
columns to periods of time. The data are classified into 11 age groups of 5
years length and 6 time periods of 5 years each.

A cohort is a group or band united in some struggle. In demographic
studies and analysis, cohort is used specifically for records of some particular
group of persons at different dates (Barclay, 1962). The cohort to which the
incidences of cancer in the larynx belong according to various age groups
and time periods can be calculated. The total number of cohorts is 16. The'
patients registered during 1960-1964 having age between 80 and 84 years
(i.e. those born between 1876 and 1884) belong to cohort one. This cohort
is the oldest one. Those patients registered during 1960-1964 having age
between 75 and 79 years belong to cohort two and were born in 1881 to
1889. But every cell of the 2-way table does not contain the incidences
belonging to some unique cohort. The patients registered during 1965-1969
having age between 80 and 84 years, also, belong to cohort two. The cells
of the 2-way tables existing in the descending diagonals (from left/top down
to rightlbotlom) have the same cohort number. Thus, the incidences in the
top right cell belong to cohort number 16, born in 1951 to 1959.

The temporal variation through age groups and time periods can be studied
without making any condition of grouping or any approximation as the age
groups and time periods can be exclusively defined. The birth cohorts
defined in the last paragraph form a series of 10 year overlapping intervals
by contrast to the age group and period, which are non-overlapping. For
example, for age group 60-64 and the period 1965-1969 two 5-year cohorts
can be defined as 1900-1904 and 1905-1909. Similarly for age group 55-59
and the period 1965-1969 two 5-year cohorts can be defined as 1905-1909
and 1910-1914. To study the temporal variation through cohorts it must be
assumed that the effect of overlapping is negligible. Hence the problem is
generally ignored and the cohorts are re-defined as 1903-1907 and 1908-
1912 respectively.

Usually publiShed data are available in 2-way tables. As mentioned in
section 1 the data are available as individual records. With individual
records it is possible to construct a 3-way table of age group by period
by birth cohort. For 3-ay tables, each age, period cell has two cohorts
associated with it. This table will increase the number of cohorts by
one. The number of cohorts will be now 17. In this case overlapping
siill exists but this time the cohorts overlap for only one year. The
effect of one year overlapping can quite safely be ignored (Robertson
and Boyle, 1986).
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The standard errors for the incidences can be calculated on the assumption
that the incidences have Poisson distribution with the same mean as the
observed incidences. Let nijbe the number of observed incidences for the i"
age group and j'h time period. Then the confidence interval for mean
incidence in the ithage group and jthtime period, can be written as

An initial study of the two way tables on incidences of cancer in the larynx
for Scottish male and female revealed that there were two cells for each of
these tables, which contain no cases, Keeping in view not having
undesirable standard errors and residuals the first age group (30-34) is
ignored omitted from study and analysis of these two tables. Hence in all
there were 10 age groups for further analysis. The total number of cohorts is
now 15 for data in 2-way tables and 16 for data in 3-way tables grouped
records and 16-for individual records.
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Figure 1 shows that the incidence rates for males in the first age group
35-39 fluctuate greatly over the time period span. The incidence rates rise
from period 1960-1964 to period 1965-1969. There is more a fall than rise
from period 1965-1969 to period 1970-1974. The incidence rate remains
stable until period 1975-1979 where it again experiences a rise and fall for
the next periods I.e. 1980-1984 and 1985-1989. This rise and fall is a usual
characteristic of small samples in which the random variations produce such
effects and the 95% confidence intervals all overlap. The fluctuation in the
curves for other nine age groups decrease gradually and a rise in incidence
rates over the period span is observed. The increase in the incidence rates
for higher age groups is quite evident from the Figure 1 and the Table A.
The increase in incidence rate for age groups 70-74, 75-80 and 80-84 is
nominal. Consider, for example, age groups 3 to 6 I.e. 45-49 to 60-64,
where there is a clear separation of the confidence intervals in the first period
compared to the last. There is more overlap in the oldest 3 age groups. ,f
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respectively. 95% confidence intervals for the incidence rates
represented in the Table A and Table B.
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where Za! 2 is the value of standardized norrnal variate for probability a./2
on both side (Wetherill, 1982). The confidence limits for the incidence rates
can be calculated from the confidence limits for the mean incidence rates
after dividing them by the corresponding mid year population. The
incidence rates along with the 95% confidence limits for the mean incidences
are given in Table A and Table B.

A naive but traditional approach to the data on incidence rates presented in
two way tables is to plot the rates against age, joining all points on a
corresponding cohort (Osmond and Gardner, 1982). Age specific rates vary
greatly so logarithms of the incidence rates are preferred.

3 GRAPHICAL ANALYSIS

The logarithms of incidence rates are plotted against central date of period of
registration for all 10 age groups. Figure 1 is based upon the male data and
Figure 2 is based upon the female data. All points for each age group are
joined. The numbers 1, 2, .__, 10 existing on the curves show the age group
35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-80 and 80-84

Figure 2 shows that females experience less cancer in the larynx than males
in Scotland over the time period span. The minimum rate is about 0.12 (per
100,000) for age group 35-39 while for the same age group of males has a
rate of about 0.55 (per 100,000). Also incidence rate have fallen regularly
from year 1960 to 1984 for the first three Age Groups 35-39, 40-44, and 45-
49 of females. From age group 50-54 onward there is an increase in the
incidence rates both for males and females over the time span. There is a
great deal of overlap in the 95% confidence intervals and only at 60-74 is
there a clear separation from the first to last periods. For these higher age
groups the parallelism is quite evident.

For the incidences of cancer of the larynx among males the age curves for
various age groups lie at a higher place than the age curve for their
respective previous age group (if any). Hence age is an important factor for
the increase of incidence of cancer in the larynx. This is more obvious in the
younger ages where there is less overlap in the confidence intervals for
different ages in the same period. The behaviour of the age curves is not
different for the female data except for one age group. For the second age
group I.e. 40-45 the incidence rate is lower for the time period 1960-1964 as
compared to the first age group Le. 35-40. This deviation is, however, due
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to the small sample effects and can be ignored. Age is, therefore, an
important factor for incidences of cancer of the larynx among females also.
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TABLES AND DIAGRAMS
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For the incidence rate data on males and females the curves for the age
group 45-49 years and higher age groups can be seen to have an upward
trend in contrast to younger ages. It looks as the age-period model could
hardly explain the data well for incidences of cancer in the larynx in males
and females in Scotland over the penod 1960-1989.

Fi ure 3 and Figure 4 show the plolting of cohorts against the mid point of
ag~groups. The points pertaining to the same cohort are joined. The curves
for males show a clear trend in the incidences along the age groups, The
distance among the curves for the cohorts show that cohort seems to have a
significant effect on the incidence of cancer in the larynx in males, There
seems to exist clear parallelism between .the curves for various cohorts, Th~
curves for females are not so regular as for males. The differences between
the curves, however, identify that the cohort does seem to affect the
incidence of cancer in the larynx in the females in Scotland,

4. CONCLUSION AND SUGGESTIONS

From this graphical analysis the age-cohort model seems to fit the data in a
better way than the age-period model for incidence of cancer of the larynx of
males and females of in Scotland. It is clear that the interpretation of the
graphs is problematic in view of the low rates, particularly for females.
Consequently various models should be filted to analyze the changes in the
rates taking sampling variability into account. To analyze statistically, various
models can be fitted to the data.

New approaches to the analysis of temporal variation in disease incidence
lead to the generalization of indirect standardization to the estimation of
parameters of the age-period-cohort model (Holford, 1983). The parameters
of the age_period-cohort model can also be estimated through Poisson or
logisticregression analysIs.

rrable A: Incidences rates of cancer in the larynx in Scotland amon,
males aged 30 to 84 between 1960 and 1989 along with 95%
confidence intervals for the rates.

AGE PERIOD
60-64 65-69 70-74 75-79 80-84 85-89

RATE 0.72 1.04 0.55 0.55 1.23 0.57
35-39 LOWER 0.33 052 0,21 0.21 0.67 0.25

UPPER 1.60 2.00 1.40 1.40 2.30 1.30
RATE 2.49 1.50 2.94 1.81 2.35 2,98

40-44 LOWEF 1.61 0.86 1.94 1.06 1.47 200
UPPEF 380 2.60 4.50 3.10 3.80 4.40

RATE 5.02 3.91 3,65 4.13 5.66, 10.17
'45-49 LOWEF 3.67 2.74 2.52 2.89 416 8,08

UPPEF 6.90 5.60 5.30 5.90 7.70 12.80
RATE 6.61 9.65 9.20 7.77 12.22 13.33

50-54 LOWEF 5.07 7.65 7.24 6.00 9.90 10.86
UPPER 8.60 12.20 11.70 10.10 15.10 16.40

RATE 12.10 11.31 14,14 15.33 20.98 18.26
55-59 LOWER 9.85 9.15 11.58 12,66 1783 15.28

UPPER 14.90 14.00 17.30 18.60 2470 21.80
RATE 15.39 15.74 21.22 20.52 21.28 30,40

60-64 LOWEF 12.54 12.98 17.99 17.21 17.92 26.37
UPPEF 18,90 19.10 25.00 24.50 25.30 35.00

RATE 2320 22.21 2373 22.27 27.75 31.30
65-69 LOWEF 1904 18.38 19.96 18.67 23.54 26.87

UPPEF 28,30 26.80 28.20 26.60 32.70 36.50
RAn 22.79 25.34 24,20 33.86 32.42 33.79

70-74 LOWEIi 18.01 20.33 19.60 2863 27.45 28.55
UPPER 28.80 31.60 29.90 40.10 3830 40.00

RATE 16.10 24.18 26.12 30.38 34.50 3030
75-79 LOWEI' 11.41 18.18 19.92 24.01 28.13 24.60

UPPEI' 22.70 32.10 34.20 38.40 42.30 37.30
RATE 22.39 21.24 26.26 28.27 41.67 30.06

80-84 LOWEI' 15.05 1402 18.05 19.68 31.69 22.47
UPPEF 3330 32.00 38,20 40.60 54.80 40.20

IIc.,J '.-
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rrable B: .. Incidences rates of cancer in the larynx in Scotland amon~
females aged 30 to 84 between 1960 e,nd 1989 along withl
95% confidence intervals for the rates.

AGE I I PERIOD 5000"
I 60-64 65-69 70-74 75-79 80-84 85-89

RATE 0.58 0.74 0.39 0.53 0.37 0.12
35-39 I LOWEF 0"]15 0.34 0.13 0.21 0.13 0.02 IUPPEF 1.35 1.62 1.16 1.37 1.08 0.65

RATE 0.23 0.84 0.76 0.67 1.07 0.99 ~~

40-44 I LOWEF 0.41 0.35 0.29 0.54 0.50
~~

0.06 ~~
UPPER 0.84 1.73 1.66 1.57 2.11 1.95

----5

RATE 1.18 2.03 1.48 1.56 1.08 . 1.22 ~Z~o
45-49 I LOWER 0.64 1.27 0.85 0.89 0.55 0.64 Z0 -&-

________ 4

~~ :r
UPPEF 2.16 3.25 2.58 2.73 2.13 2.32 O~ - /' /3
RATE 1.47 1.96 2.61 3.17 3.04 3.16 .~

~
50-54 I LOWEF 0.86 1.20 1.70 2.15 2.03 2.11 zo 1 .{.0

UPPEF 2.51 3.18 3.98 4.67 4.56 4.74 0.,
RATE

~'
1.80 1.66 3.72 2.85 4.07 3.83 .0 500-

55-59 I LOWEF 1.09 0.99 2.59 1.81> 2.87 2.65 ~o••
UPPEF 2.97 2.78 5.35 4.31 5.78 5.53 ~

~

~~~
RATE 1.61 3.19 3.53 4.66 6.87 6.67 ~~ A

I60-641 LOWEF 2.16 2.44 3.33 5.21 5.03 0~ ....--2
.: 0.92 v

UPPER 2.82 4.71 5.10 6.51 9.06 8.85 ~
~

RATE 1.62 2.69 3.38 4.31 6.17 6.12 ~

65-69 I LOWER 0.88 1.70 2.269 3.Q4 4.55 4.51
UPPER 2.99 4.25 5.03 6.11 8.37 8.31

RATE 2.10 3.69 5.61 3.28 6.13 6.75
70-741 LOWER 1.14 2.36 3.977 2.12 4.46 4.94

UPPEF 3.87 5.76 7.93 506 8.41 . 9.22
RATE 3.01 3.08 3.32 3.60 3.95 4.61

75-79 I LOWEF 1.64 1.72 1.942 2.22 2.53 3.08
50J \.1 { '1

UPPER 5.54 5.52 5.68 5.85 6.17 6.92 I I I I

RATE 2.16 4.28 3.46 3.12 6.02 4.44 1962 1961 1912 1911 1982 1981
80-84 I LOWEF 0.84 2.25 1.75 . 1.58 3.81 2.69 CENTRAL DATE OF PERIOD OF REGISTERATION

UPPEF 5.56 8.13 6.83 6.16 9.52 7.33
Figure 1: Incidence of cancer in males in Scotland against central dale

of each period. Rates are plotted using a logarithmic scale
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Figure 2:

1962 1967 1912 1917 1982 1987
CENTRAL OATE OF PERIOO OF REGISTERATION

Incidence of cancer in females in Scotland against central
date of each period. Rates are plotted using a logarithmic
scale.

Figure 3: Incidence of cancer in males in Scotland against central date
of each period. Rates are plotted using a logarithmic scale.
Points corresponding to the same cohort are joined.
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