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Epidemiological Basis of Tuberculosis Eradication
7. Application of Life-table Methods for Assessing the Prognosis

for Tuberculosis Patients*

ERIK IVERSEN, cand.act.1

The experience ofa group ofpatients, observed in a follow-up study, may conveniently
be described by means of decrement tables, of which the survival table is the best known.
Just as this table shows how a population group has decreased gradually because of death,
so other decrement tables may depict the cumulative effect of cure, or of death and cure
combined.

Decrement tables can be established not only when all patients under study have been
observed from the onset of their disease until cure or death, but also when patients with
varying durations of disease have been followed for only a few years; in this case the sta-
tistical technique used for the construction of life-tables must be applied.

This paper demonstrates in detail the tabulations and calculations involved in this
technique, using nationwide data from the Danish Tuberculosis Register as the basis, and
applying the technique to aspects of the prognosis for tuberculosis patients that have
hitherto been difficult to quantify.

INTRODUCTION

Follow-up studies of groups of patients are a
widely applied epidemiological research tool. They
are carried out with the purpose of assessing the
prognosis for various patient categories, such as
patients of different age and sex or patients with
different types of disease; or they are applied by
clinicians who just want to see what happens to their
patients. In all instances, groups of patients are kept
under observation for some time, and records are
made for each individual of such events as cure and
death. Afterwards, the data are processed and ana-
lysed, with the aim of answering such questions as:
What was the mortality of the patients? How many
of them were cured-and how soon?
The usual way to obtain answers to these questions

is to calculate the annual cure and death rates. Often,
however, curability and mortality will depend upon
how long the patients have been ill, so that a whole

* Previous articles in this series have appeared in Bull.
Wld Hlth Org., 1959, 21, 5-49; 1964, 30, 609-621; 1966, 35,
483-508, 509-526; 1967, 36, 703-718, 719-731.

1 Senior Statistician, Danish Tuberculosis Index, Copen-
hagen, Denmark.

set of rates, by duration of disease, is needed for
telling the full story. Such rates, which are incon-
venient to work with when the prognoses for different
patient categories are to be compared, may suitably
be combined through the use of decrement tables.
Furthermore, these tables constitute an informative
way of expressing the prognosis.
The simplest decrement table shows the gradually

decreasing size of a patient group which has been
followed year by year from the onset of the disease.
If the patients have been observed only for death, this
table will constitute what is generally known as a
survival table and will depict the cumulative effect
of a set of death rates. If the patients have been
removed from observation either because of death
or because of cure, the table will show the combined
effect of these two causes; but here other decrement
tables may be constructed which illustrate the effect
of death alone or of cure alone. To distinguish be-
tween these two types of tables, the first will be called
the gross decrement table and the second the partial
decrement table.
The establishment of decrement tables is rea son-

ably straightforward in the type of follow-up studies
in which all patients are followed from the onset of
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FIG. I
CHANGES IN THE TUBERCULOUS POPULATION (FIRST-TIME AND RELAPSE CASES), 1961-64
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the disease until cure or death. In other studies,
however, the observation period goes from one calen-
dar date to another, and the patients under study
include not only those who were diagnosed during
this time period but also a number of patients who
already had the disease when the observation period
started. In this case the method of analysis is less
obvious. Will a decrement table have to be based
only upon the relatively few patients who were ob-
served from the onset of their disease, or is it pos-
sible also to utilize the observations made for the
other patients? This problem was encountered-and
solved-many years ago by demographers who
wanted to construct life-tables without waiting for
the death of a whole group of newborns. The present
paper shows how their methods may be adapted for
an analysis of the prognosis of a group of patients.

STUDY MATERIAL

The material used for the demonstration of the
life-table technique has been obtained from the
Danish Tuberculosis Register, a nationwide file with

individual records for all patients in Denmark with
respiratory tuberculosis. The register is based mainly
upon information received from a network of chest
clinics, where most of the cases are diagnosed and
where all treatment and follow-up examinations take
place. A notification is submitted to the register each
time a new case is diagnosed and each time a relapse
occurs in a patient with arrested (cured) disease. At
the end of each year, the clinics report all deaths
(irrespective of the cause) among the patients with
active disease, and all cures among those surviving.
A critical review of the data collected in this way, as
well as a detailed description of the organization and
functioning of the register, has been given by
Horwitz & Palmer.'
From the register, data have been extracted con-

cerning all patients who suffered from active disease
during the 4 years between 1 January 1961 and 31
December 1964, or during a part of this period. There
were in all 9275 such patients who had respiratory

1 Horwitz, 0. & Palmer, C. E. (1964) Bull. Wld Hlth
Org., 30, 609-621.
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tuberculosis for the first time (first-time cases) and
1540 who had had the disease before and been cured
in the meantime (relapse cases). The relevant data
were the year of notification or relapse for each of
the patients, and the year of cure or death for those
who were cured or died within the 4-year period.
By sorting the patient records according to these

dates it was possible to ascertain the flow of patients
going into or out of the tuberculous population dur-
ing each of the years 1961-64, as well as the size of
this population at the turn ofeach year. The relation-
ship between these quantities is represented in Fig. 1.
The two components of the tuberculous population,
first-time cases and relapse cases, are dealt with in
the two main sections of the figure, while the popu-
lation not suffering from active tuberculosis is indi-
cated by three other sections: " non-tuberculous
population ", i.e., persons who have never had respi-
ratory tuberculosis; " cured first-time cases ", i.e.,
those who have had the disease only once; and " cured
relapse cases".
The sections for first-time and relapse cases are

divided into four segments, each representing a
calendar year. On the line between two segments is
given the population at the turn of the year. These
persons split during the following year into three
categories: those who are cured, those who die, and
those whose status remains unchanged; the outflows
of cures and deaths are given on the side-lines of the
segments. Also on the side-lines are shown the in-
flows of first-timers, coming from the " non-tuber-
culous population ", and relapses, coming from the
" cured first-time cases ". (Persons acquiring tuber-
culosis for the third time, coming from the " cured
relapse cases ", were so few that they could be dis-
regarded.) Some of these patients enter and leave
the tuberculous population in the same year because
of death,' while the others unite with the above-
mentioned cases with unchanged status to constitute
the tuberculous population at the following turn of
the year.

In most follow-up studies a small part of the study
population is lost because of lack of co-operation,
emigration, etc.; this was also the case for the present
patient material. In order, however, not to com-
plicate the exposition of the statistical method, per-
sons lost from observation have been grouped to-
gether with the persons cured; they constitute about
5% of the figures for this category.

l Patients reported after their death (in all 213 first-time
cases and 29 relapse cases) are included neither in the figures
for inflow nor in those for deaths.

TABULATION OF MATERIAL BY COHORTS

In Fig. 1, the patient groups reported during each
of the years 1961-64 are followed separately until the
end of each of those years; they are then pooled
together with those who have been reported earlier.
It is desirable, however, to follow each of these
groups-who may be called a cohort of patients-
until the end of the study period, and see what hap-
pens to them in terms of cure and death. For this
purpose it is convenient to use the so-called Lexis'
diagram, a co-ordinate system with a vertical time-
scale and a horizontal scale which, in the present
application, is used for showing the duration of
disease.

Fig. 2 shows how data for a single patient may be
represented in such a diagram. The person in question
was reported as a tuberculosis patient on I May 1962
(indicated by the point A); on 31 December 1962, he
was still suffering from active disease, and had on this
date a duration of disease of 0.67 year (point B); on
31 December 1963 he attained a duration of 1.67
years (point C); and on 1 August 1964 he died, with
a duration of disease of 2.25 years (point D). The
four points are connected by a straight line which will
be called the " fate line " for the patient.

FIG. 2
LEXIS' DIAGRAM WITH A FATE LINE

Z 31 DEC. 1960
0 _

4 0 A

0 31 DEC. 1962 P r.
0 .

4'31DEC.19640

31 D 3 1 2 3 4
DURATION OF DISEASE

Similar lines might be imagined for all the patients
notified for the first time in 1962; they would all run
within the band P Q U V. While it is impracticable
to draw all these fate lines, they may be indicated in
the following way. Along the vertical line section PQ
may be written the number of fate lines starting there;
along the horizontal line sections Q R, S T and U V
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FIG. 4
TABULATION OF FIRST-TIME CASES BY COHORTS
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FIG. 5
TABULATION OF RELAPSE CASES BY COHORTS
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may be given the number of crossing fate lines; and
inside the areas P Q R, Q S T R and S U V T may be
given the number of fate lines terminating there, with
indication of whether the cause is cure or death. Fig. 3
shows the diagram with these figures inserted, and
with an explanation of the meaning of the figures.
Data for the 1961, 1963, and 1964 cohorts of first-

time cases may, as shown in Fig. 4, be inserted within
similar bands, running obliquely from the left-hand
edge to the bottom of the diagram. The graph shows
also how remnants of earlier cohorts, indicated by
the scale of the top of the diagram, may be followed
through the study period. It has been arbitrarily
decided to stop the follow-up of these cohorts at the
end of the calendar year in which the duration of
disease became 10 years. A corresponding diagram
for relapse cases is presented in Fig. 5, with year of
relapse taking the place of year of notification, and
duration of disease being reckoned from the time of
relapse.

CONSTRUCTION OF A DECREMENT TABLE

Contraction of the basic material
A graphical presentation of the pattern of the

data in Fig. 4 is given in Fig. 6. Each of the curves
shows how a cohort of first-time cases decreases in
size in the course of the 4-year observation period.
The curves have been placed so that segments con-
cerning the same duration of disease are directly

FIG. 6
SIZE OF SELECTED COHORTS OF FIRST-TIME'CASES

DURING THE PERIOD
1 JANUARY 1961 TO 31 DECEMBER_1964
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YEARS SINCE END OF NOTIFICATION YEAR

above or below each other. It will be seen that such
segments always run parallel, apart from minor, un-
systematic variations. This means-since a loga-
rithmic vertical scale has been used-that the cor-
responding rates of decline are practically the same.
It is therefore justifiable to pool together from the
different cohorts all data which refer to the same
duration of disease. This has been done in the upper
band of Fig. 7, where each cell is the sum of four cells
in Fig. 4, situated underneath each other.
The triangle at the left end of the upper band shows

that among 3165 cases reported for the first time in
1961-64, none was cured but 120 patients died dur-
ing the year of notification, leaving 3045 cases by the
end of that year. The first parallelogram concerns
(see Fig. 4) the cohorts reported in 1960-63; they were
somewhat larger than the 1961-64 cohorts just dealt
with, so that instead of 3045 there were here 3263
patients alive by the end of the notification year.
Among these, 15 were cured and 132 died during the
following calendar year, leaving 3116 cases of active
disease by the end of the year. The interpretation of
the rest of the parallelograms is analogous.

Division into elementary groups

The next step in the processing is directed towards
a change in the time-scale. With the present recording
system for tuberculosis in Denmark, it is necessary
to make the basic tabulations by calendar years, but
a patient's prognosis is, of course, better expressed
in relation to the date at which he was reported. This
means that each of the parallelograms in the upper
band of Fig. 7 must be divided into two triangles-
the so-called elementary groups-showing how many
of the cures and deaths took place before, and how
many after, the relevant notification anniversary.
The division into elementary groups of the number

of deaths could have been obtained through a com-
parison between the date of notification and the date
of death for each individual. As, however, the re-
porting ofcures took place at the end ofeach calendar
year, the date being unspecified, an approximation
method has to be used for the division of the number
of cures and, for practical reasons, this method is
also used for the deaths. In some instances, such an
approximation may be made by simply dividing the
numbers into two equal parts. This method is, how-
ever, considered too inexact in the present case: with
a large annual decrease in the size of a cohort, the
cures occurring at the beginning of a year must be
assumed to be more numerous than cures towards
the end. The method used, which takes this fact into
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account, is described in Annex 1. The result of the
division is shown in the intermediate band in Fig. 7,
where the figures on the vertical lines give the esti-
mated number of patients with active disease 1, 2, 3, ...

10 years after notification.

Standardization
What remains now is an adjustment of the data in

each parallelogram, so that a parallelogram will
always start with the same number of patients as the
number at the bottom of the preceding one. First,
the data in the triangle at the left end of the inter-
mediate band are adjusted so as to correspond to an
arbitrary number of 10 000 new cases. Among this
number, 379 patients would die before the end of the
year of notification, with 9621 surviving. Next, the
data in the first parallelogram are adjusted to cor-

respond to 9621 cases taken under observation at the
beginning of the calendar year following the year of
notification; and so on for the rest of the parallelo-
grams. The result is given in the lower band of Fig. 7.

RESULTS

Gross decrement tables

A gross decrement table for first-time cases is now
directly available from the vertical lines in the lower

band of Fig. 7. It is presented in the left-hand part
of Table 1, together with the corresponding annual
number of cures and deaths. The analogous table
for relapse cases, in the right-hand part of Table 1,
has been obtained through processing of the data in
Fig. 5. Although the form of these tables suggests
that they represent the experience of groups of pa-

tients who have been followed for 10 years after
contracting the disease, it is clear from the way they
have been arrived at that this is not so. Instead, they
show how hypothetical groups of patients would
have decreased if they, at any moment after their
notification, were subject to the curability and mor-

tality experienced by first-time and relapse cases in
the study material with the appropriate duration of
disease. They thereby reflect the curability and mor-

tality prevailing among tuberculosis patients during
the period of observation 1961-64.
A graphical illustration of the decrement table for

first-time cases is shown in Fig. 8; a similar graph for
relapse cases presents practically the same picture and
has therefore not been given. The solid-line curve

shows the decline with time in the number of patients
with active disease; the vertical distance between this
curve and the dotted line gives the cumulated number
of cures; and the distance between the dotted line and

TABLE I

GROSS DECREMENT TABLES

Years First-time cases Relapse cases
since

notifica-
tion Active cases Cures Deaths Active cases Cures Deaths

0 10 000 10 000
15 644 14 592

1 9 341 9 394
78 244 69 315

2 9019 9010
208 232 114 329

3 8 579 8 567
3 669 188 3 408 241

4 4 722 4 918
1 799 122 1 863 118

5 2 801 2 937
1 086 80 1 166 101

6 1635 1670
555 62 531 92

7 1018 1047
294 41 295 61

8 683 691
181 24 184 38

9 478 469
117 15 92 27

10 346 350
305 a 41 a 287 a 63 a

Total [ 8307 1 693 . 8023 1 977

a Estimated number of cures and deaths more than 10 years after notification, based upon
observations for 8th, 9th and 10th years.
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FIG. 8
GROSS DECREMENT CURVE FOR FIRST-TIME CASES

YEARS SINCE NOTIFICATION

the top of the graph gives the cumulated number
of deaths.
The decline in the number of patients is relatively

slow during the first 3 years after notification and is
almost exclusively due to death. This is a conse-

quence of the general rule followed in Denmark for
declaring a tuberculosis patient to be cured: he must
first have been abacillary for 3 years after the end of
treatment. (That a few cures do occur less than 3
years after notification may be due to some delay in
the issuing of the notifications, and to the inclusion
of defaulters among the cures.) After the 3 years, the
trend in the decrement curve (the solid-line curve in
Fig. 8) changes abruptly, and a large proportion of
the patients are cured during the following years.
Four years after notification less than half of the
initial number of patients remain with active disease,
and only 3 %-4% are left at the end of the 10-year
period considered.
The cumulated number of deaths, including esti-

mates for deaths more than 10 years after notification
(see Table 1), indicates that 17% of a group of newly
notified first-time cases, and 20% of a group ofrelapse
cases, will die before being cured. This percentage
would seem to be a suitable one-figure expression for
the prognosis of the two categories of patient. It
shows that the prognosis is somewhat worse for
relapse cases than for first-time cases; but whether
this is due to a higher mortality or a lower curability,
or both, must be found out froin a comparison be-

tween cure and death rates. Before this is done, how-
ever, there are still some comments to be made with
regard to the gross decrement tables.
The first relates to the apparent contrast between

the 3 %-4% of patients remaining after 10 years
according to the decrement table, and the 15 %-20%
of first-time cases with more than 10 years' disease,
seen in Fig. 4. The reason for this discrepancy is that
the tuberculous population at a certain calendar date
is made up of remainders from different cohorts of
patients, and that the older cohorts were larger than
the younger ones. That Fig. 5, on the contrary,
shows few relapse cases with a long duration of
disease is due to the fact that reporting of cure and
relapse was first introduced in 1951.

It should next be noted that the 346 first-time cases
left after 10 years (see Table 1) are not the only cases
with active disease who will exist at this point in time.
A preliminary study of the frequency of relapse in
1961-64 indicates that about 300 of the cured
patients will have a relapse less than 10 years after
their first attack of tuberculosis. By applying the
decrement table for relapse cases to these 300 patients,
it is found that about 200 of them will still have
active disease at the end of the 10-year period; the
others will have been cured again or died. This
means that out of 10 000 newly reported first-time
cases a total of about 550 patients will be left 10 years
later, either as first-time cases or relapse cases.

Cure and death rates

On the basis of the data in Table 1 it is possible to
calculate annual cure rates and death rates for pa-
tients with different durations of disease; such rates
are given in Table 2 and depicted graphically in Fig. 9.
The interpretation of a set of rates such as a cure

rate and a death rate, where each rate concerns one
out of several possible " causes of exit ", is not quite
straightforward. Both the cure rate and the death
rate refer to patients who are alive with active
disease at the beginning of a certain year. The cure
rate expresses their probability of being cured within
that year, under the assumption that there is no risk
of death; and the death rate expresses their proba-
bility of dying within the year, under the assumption
that there is no chance of their being cured. The rates
therefore refer to hypothetical situations. They are
nevertheless convenient measures of cure and death
because they are independent: the cure rate is not
influenced by whether the mortality among the
observed patients is high or low; and vice versa. A
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TABLE 2
ANNUAL CURE AND DEATH RATES

First-time cases Relapse cases
Years since
notification Cure rates Death rates Cure rates Death rates

(%) (%) (%) ())

1 st 0.2 6.4 0.1 5.9

2nd 0.9 2.6 0.8 3.4

3rd 2.4 1.3
}2.4 409 3.2

4th 43.7 40.9

5th 39.1 38.8 1
2.7 2.8

6th 39.9 41.1

7th 35.3 33.7

8th 30.1 3 29.9 5
3.7 5.6

9th 27.5 28.2

10th 25.3 J 20.8

further explanation of the rates and the method
of calculation is given in Annex 2.
The cure rates are negligible the first 3 years after

notification, because of the above-mentioned 3-year
rule. They are at about 40% for each of the following
3 years, and then decrease gradually to 20 %-25 % for
the tenth year.

FIG. 9
ANNUAL CURE AND DEATH RATES FOR FIRST-TIME

AND RELAPSE CASES

The death rates are particularly high-about 6 %/-
the first year after notification, when the disease is
obviously quite dangerous. The following years they
are lower, but towards the end of the 10-year period
they have increased again to 4 %-6 %. The reason for
this increase is probably that patients who have suf-
fered from active disease for many years are, on an
average, more severely attacked than tuberculosis
patients with a shorter duration of disease.
A comparison between the rates for first-time cases

and relapse cases shows that the relatively bad prog-
nosis for relapse cases indicated by the gross decre-
ment tables is due partly to a lower curability and
partly to a higher mortality. However, because of
random variations, it is difficult to assess by how
much the curability is lower and the mortality higher
for relapse cases than for first-time cases. Simply to
calculate the average of the rates for the different
durations of disease is not a good solution, since it
would seem natural to attach a higher importance to
the rates for the first years, affecting a large number
of patients, than to the later rates. For solving this
problem, the partial decrement tables will prove
useful.

Partial decrement tables

In the same way as a gross decrement table may be
said to express the combined effect on a patient group
of a set of cure rates and death rates, a partial decre-
ment table shows the effect of either a set of cure
rates or a set of death rates.
A partial decrement table is constructed, on the

basis of the relevant set of rates, in the following way.
It starts as the gross table, with an arbitrary number
of patients-for example, 10 000. By means of the
rate for the first year after notification it is calculated
how many of these patients should be subtracted in
order to obtain the number left at the end of the year.
This figure is then carried forward one more year, by
use of the rate for the second year; and so on, until
we arrive at the number of patients left after 10 years.
Four such decrement tables, each based upon one

of the sets of rates in Table 2, are given in Table 3 and
illustrated graphically by the four decrement curves
in Fig. 10. The tables based upon cure rates show
that a cohort exposed to the rates for first-time cases
would, after 10 years, have been reduced to 4.9% of
its initial size, while application of the rates for
relapse cases would reduce the group to 5.5 %. The
corresponding figures obtained by use of the death
rates are 70.7% and 63.9 %.
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FIG. 10
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These end-values may be used for an assessment of
the differences between the curability and mortality
for first-time cases and relapse cases. The comparison
is based upon the assumption that the curability and
mortality among relapse cases have, through all
10 years, been equal to the curability and mortality
of first-time cases multiplied by certain constants.
Estimates for these constants are then obtained (see
Annex 3) by calculation of the ratios between the
logarithms of the end-values of the relevant decre-
ment tables:

kcure = log 0.055 = 0.96log 0.049

TABLE 3
PARTIAL DECREMENT TABLES

Years since r First-time cases Relapse cases
notification Cure Death Cure Death

0 10 000 10 000 10 000 10 000

1 9 980 9 360 9 990 9 410

2 9 890 9117 9 910 9 090

3 9 653 8 898 9 781 8 799

4 5 435 8 684 5 781 8 517

5 3 310 8 450 3 538 8 279

6 1 989 8 222 2 084 8 047

7 1 287 7 918 1 382 7 596

8 900 7 625 969 7171

9 652 7 343 696 6 769

10 487 7 071 551 6 390

and log 0.639
log 0.707

The conclusion is that relapse cases have a 4% lower
curability and a 29% higher mortality than the first-
time cases.

POSTSCRIPT

The technique of analysis described in this paper
has been applied to various categories of tuberculosis
patients, differing with regard to age, sex and severity
of disease. The results, demonstrating how these
factors affect the patients' prognosis, will be pub-
lisbed subsequently.

Annex 1

DIVISION OF CURES AND DEATHS INTO ELEMENTARY GROUPS

Let L be the size of a cohort of patients at the
beginning of a certain calendar year (the year of
observation) and Cand D be the number of cures and
deaths in the cohort, reported by the end of that year
to have occurred during the year: let n be the number
of years between the year of observation and the year
of notification for the cohort.
The problem is then (see Appendix Fig.) to di-

vide C into the elementary groups C1 and C2 accord-
ing to whether the patients were cured before or after
attaining the duration of disease n; and D should

correspondingly be divided into D1 and D2. It is here
assumed that the exact dates ofcure and death are not
available.
A solution to the problem may be found under the

hypothesis that all patients in the cohort have been
subject to the same forces of cure and death,' u(c)
and ,u(d), and that these have been constant through-
out the year of observation. The procedure is dif-
ferent for cures and deaths, since a patient who has

1 An explanation of these concepts is given in Annex 2.



LIFE-TABLE METHODS FOR ASSESSING PROGNOSIS FOR TUBERCULOSIS PATIENTS

APPENDIX FIGURE
LEXIS' DIAGRAM APPLIED TO DIVISION
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died during the year of observation is reported as a

death, irrespective of whether or not he had been
cured earlier in the year.

Let the sum of the forces of cure and death be
= p.(c) + p.(d). (1)

(2)

(3)

This ratio may be computed when has been
found from the equation

,u = -Log (1 -q)

where q is the total annual rate of decrease

C + D
q = ~~

(4)

(5)

A table showing R for specified values of q is
given in the Appendix Table. As long as q is below
25% the ratio is between 0.50 and 0.55, i.e., fairly
close to one-half. For a 50% decrease the ratio is
0.61; for 75% it is 0.72.

APPENDIX TABLE
RATIOS FOR DIVISION INTO ELEMENTARY GROUPS

q R ] q R q R q R

0.00 0.500 0.25 0.548 0.50 0.614 0.75 0.717
.01 .502 .26 .550 .51 .617 .76 .723
.02 .503 .27 .552 .52 .620 .77 .729
.03 .505 .28 .555 .53 .623 .78 .735
.04 .507 .29 .557 .54 .627 .79 .741

0.05 0.509 0.30 0.559 0.55 0.630 0.80 0.747
.06 .510 .31 .562 .56 .634 .81 .754
.07 .512 .32 .564 .57 .637 .82 .761
.08 .514 .33 .566 .58 .641 .83 .768
.09 .516 .34 .569 .59 .645 .84 .775

0.10 0.518 0.35 0.571 0.60 0.649 0.85 0.783
.11 .519 .36 .574 .61 .652 .86 .791
.12 .521 .37 .576 .62 .656 .87 .799
.13 .523 .38 .579 .63 .660 .88 .808
.14 .525 .39 .582 .64 .665 .89 .817

0.15 0.527 0.40 0.584 0.65 0.669 0.90 0.827
.16 .529 .41 .587 .66 .673 .91 .837
.17 .531 .42 .590 .67 .678 .92 .848
.18 .533 .43 .593 .68 .682 .93 .860
.19 .535 .44 .596 .69 .687 .94 .873

0.20 0.537 0.45 0.598 0.70 .0691 0.95 0.887
.21 .539 .46 .601 .71 .696 .96 .902
.22 .541 .47 .604 .72 .701 .97 .919
.23 .543 .48 .607 .73 .706 .98 .939
.24 .546 .49 .611 .74 .712 .99 .963

q: Defined by formula (5) for cures and formula (7) for deaths.
R: Proportion of cures or deaths taking place before anniversary.
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The corresponding ratio between D1 and D is
obtained by substituting u(c) and ,u in (2) by ,u(d).
The result is an expression like (3), with ,u substituted
by ,u(d), which may be found from

p(d) = -Log (1 -q(d)) (6)

where q(d) is the annual death rate

q(d) = L. (7)L

These ratios have been found suitable for dividing
the present material into elementary groups with

the exception of the first parallelograms in Fig. 7.
Here the basic assumption for the computation of
the ratios was not valid: the mortality decreased
sharply during the first year, while the curability
increased violently about 3 years after notification.
The deaths in the first parallelogram were therefore
divided by using the dates of notification and death
for each individual, while the cures in the first three
parallelograms were divided somewhat arbitrarily so
as to obtain a smooth increasing trend in the few
cures occurring during the first 3 years after noti-
fication.

Snex 2

CALCULATION OF DEATH AND CURE RATES

First the simple situation is considered where a
group of persons is observed just for deaths in one
year. Let L be the initial number of persons and D
be the observed number of deaths. On the assump-
tion that death has struck indiscriminately, so
that all L persons have had the same probability of
dying within the year of observation, an estimate for
this probability is found by calculation of the
annual death rate

q(d) = D(

This rate is the commonly used measure of mortality.
In theoretical considerations, however, it is often
convenient to deal with the probability of dying
within an infinitesimal time-period, dt; this proba-
bility is expressed as .- dt, where , is called the force
of death. An estimate for ,u is obtained by calculation
of q(d) from formula (1) and then using the equation

q(d) = 1 -e-'
or

= -Log (1 -q(d)).

(2)

(3)

Now let L patients suffering from a certain
disease be observed for both cure and death during
one year; let C be the number of cures, and let D
be the number of deaths observed among patients
not yet cured.
A suitable assumption on which to base the

analysis of these data is that all the patients have
been exposed throughout the year of observation to
the same force of cure, ,u(c), and that before being
cured they have been exposed to the same force of

death, ,(d). This means that the probability for
a patient with active disease to become cured
within an infinitesimal time-period has been
,u(c) * dt, while the probability of his dying has been
4(d) . dt. The probability

q(c) = 1 -enu(c) (4)
then expresses a patient's chance of being cured
within a year if he were only subject to the force of
cure. Correspondingly the probability

q(d) = 1 -_-'(d) (5)

gives his risk of dying within a year if he were
exposed to the force of death only.

Estimates for these probabilities may be obtained
by first calculating the total rate of decrease

C+ D
q= L

and then using the equations
C

1 -q(c) =(1(-q) C+D

and
D

1-q(d) = (l-q) C+D.
Often, however, the approximations

C
q(c) = L-½q() L-%D

and

q(d) = D

(6)

(7)

(8)

(9)

(10)
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will give accurate enough results; they are based
upon the assumption that the patients who died or
were cured had, on the average, been under observa-
tion for half a year.

* *

The observations dealt with in the present study
were made somewhat differently from what was
assumed above. The reporting of cure and death was
made at the end of each calendar year, and only pa-
tients who were alive at that time could be classified
as cured. This means that D includes all deaths which

occurred during one year among the L patients,
whether or not they had been cured at the time of
death. C, on the other hand, includes only the
cures which occurred among the L -D patients
who were alive after one year. The cure and death
rates in the present paper have therefore been
calculated from

q(c) = C

and

q(d)= D

(11)

(12)

Annex 3

COMPARISON BETWEEN THE CURABILITY AND MORTALITY OF TWO CATEGORIES
OF PATIENTS

Let the partial decrement tables calculated on the
basis of the cure rates for two patient categories be

and
No (c), NL (c), ........ N1o (c)

No (c), N1 (c), ........... N1o (c).

If it can be assumed that the ratio between the
underlying forces of cure has been the same, k, for
all 10 years:

p,(c) = k - ,(c) forv= 0, I.l...... 9

the relationship between the cure rates is

Rpi'

Au Danemark, toutes les donnees individuelles con-
cemant les tuberculeux pulmonaires sont centralis6es
au Fichier danois de la Tuberculose qui enregistre tous
les nouveaux cas, les gu6risons, les rechutes et les deces.
L'auteur a analyse les dossiers des 9275 personnes atteintes
pour la premiere fois de tuberculose pulmonaire evolu-
tive ainsi que ceux des 1540 malades souffrant d'une
rechute de cette affection entre 1961 et 1964. Employant
un proc6de de traitement statistique proche de celui
utilis6 en demographie pour l'6tablissement des tables
de survie, il decrit une methode permettant de pronosti-
quer l'evolution des cas vers la guerison ou le deces.
On peut, grace i l'6tablissement de tableaux annuels

d6tailles indiquant le nombre de tuberculeux a la fin de
chaque annee et mentionnant les mouvements d'entree et

1 -qv(c) = (1 -q (c))k.

The 10-year values of the two decrement tables are
then connected by the formula

N1o(c) = (N1o(C))k
and an estimate for k is obtained by

k log N1o(c)
log N1o(c)

The procedure for estimating the ratio between
the forces of death is analogous.

SUMI

de sortie qui influent sur cette population, dresser une
table globale d'extinction pour chacune des deux catego-
ries de malades. Une table de ce genre permet de prevoir
dans quelle mesure un groupe hypothe-tique de tubercu-
leux nouvellement enregistr6s s'amenuiserait a la longue
si son sort, a l'un ou l'autre moment de l'evolution, etait
regi par les probabilites de gu6rison et de deces deduites de
l'etude des dossiers. Il apparait que, des malades d'un
tel groupe, moins de la moiti6 presenteraient encore des
lesions 6volutives quatre ans apres la d6couverte des cas,
et que 3-4% seulement feraient encore partie du groupe
apres dix ans. Ces previsions s'appliquent aussi bien en
cas de premiere infection qu'en cas de rechute. Le pro-
nostic, dans les deux categories, est cependant l6gerement
different: 17% des malades atteints pour la premiere
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fois et 20% des tuberculeux souffrant de rechute mourront
avant que la guerison soit intervenue.

Les taux annuels de guerison et de mortalite peuvent
etre calcules en se basant sur les tables globales d'ex-
tinction. Les taux de guerison des trois premieres annees
sont minimes car, au Danemark, un tuberculeux pulmo-
naire doit rester abacillaire pendant trois ans apres la fin
du traitement avant d'etre declare gueri. Au cours des
trois annees suivantes, le taux de guerison est annuel-
lement de 40% environ; il s'abaisse ensuite graduellement
pour n'etre plus que de 20-25% durant la dixieme ann6e
apres la decouverte des cas.
Le taux de mortalite est particulierement 6leve (6%)

au cours de la premiere ann6e. I1 diminue pendant

les quatre ann6es suivantes jusqu'a un minimuv'
de 2-3% puis augmente pour atteindre, la dixiem-
annee, 4-6%.
On peut, a l'aide de tables partielles d'extinction

comparer les niveaux de curabilit6 et de mortalit6 de
sujets atteints pour la premiere fois et des patients atteint.)
d'une rechute de tuberculose pulmonaire. Les tablet
indiquent dans quelle mesure un groupe de malades serail
graduellement reduit si l'on tenait compte uniquemerh
soit des taux de guerison soit des taux de mortalite. Che-
les tuberculeux atteints de rechute, la probabilite dt
guerison apparait inferieure de 4% et le risque de dc&6s
superieur de 29% par rapport aux malades qui pr6sentent
une premiere atteinte.


