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Epidemiological Basis of Tuberculosis Eradication
8. Some Factors of Significance for the Prognosis for a Tuberculosis Patient *

ERIK IVERSEN, cand. act."

It is a general clinical experience that prognosis varies not only from one disease to
another, but also between different categories ofpatients suffering from the same disease.
The object of the study reported was to demonstrate quantitatively how the prognosis of
respiratory tuberculosis depends upon the patient's age and sex and upon the severity
ofdisease at the time ofdiagnosis. Based as it is upon afollow-up through the years 1961-64
of all respiratory tuberculosis patients in Denmark, the study also provides an epidemio-
logical characterization of the course of the disease in northern Europe today.
Two aspects of prognosis are considered: the patients' mortality and their curability.

A convenient prognosis index for a group ofpatients, combining the two aspects, is obtained
by expressing the number ofpatients dying before cure as a percentage of the initial size
of the group. The comparison between various patient-categories in the study material
is made partly by means of this index and partly by means of annual death and cure rates.

INTRODUCTION

One of the aims of epidemiological research is to
assess the relative importance of the various diseases
haunting mankind, and statistics are currently pub-
lished for this purpose in many countries. Most
frequent are incidence and mortality statistics which
give the annual number of people attacked by certain
diseases and the numbers of deaths attributed to the
diseases. These statistics all deal with the diseases
from the community point of view. When, for
comparative purposes, rates are calculated, they
relate the number of patients or deaths to the size
of the population in which the cases or deaths have
been observed.
Another type of epidemiological statistics, which

also tells about the importance of diseases, looks
upon them from the patients' point of view. The best
known example here is lethality statistics, which
relate the annual number of deaths from a disease
to the size of the corresponding patient-group;
other examples are statistics assessing the patients'
chance of cure or risk of invalidity. These statistics
all describe What happens to patients after they have

* Previous articles in this series have appeared in Bull.
Wld Hith Org., 1959, 21, 5-49; 1964, 30, 609-621; 1966, 35,
483-508, 509-526; 1967, 36, 703-718, 719-731, 733-746.
A further article appears in Bull. Wld Hlth Org., 1967, 37,
907-925.

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

contracted a disease, i.e., they illustrate the different
aspects of the prognosis of the patients' disease.
They are of interest, however, not only to patients
and their doctors but also to health administrators
and insurance companies.

The community-oriented morbidity and mortality
statistics may be based upon fairly simple reporting
systems for patients and deaths. They are therefore
relatively easy to establish on a nation-wide basis
and to repeat year after year. The patient-oriented
prognosis statistics, on the other hand, are more
difficult and costly to compile, since they require a
careful follow-up of each of the patients involved.
The statistics in this category are therefore often
limited to a relatively small number of patients,
treated in a few hospitals or clinics.
A comprehensive study of the cure and death

experience over the period 1961-64 of all patients in
Denmark with respiratory tuberculosis has been made
on the basis of data reported to a central register.
The over-all results, together with a detailed expla-
nation of the methods used in the processing and
analysis of such follow-up data, have been given in
a previous paper (Iversen, 1967), which, since it was
the seventh in the series entitled "Epidemiological
Basis of Tuberculosis Eradication ", will be referred
to in the following pages as " paper 7 ". The present
paper gives separate results for various categories
among the patients, and thereby demonstrates the
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significance of age, sex, and initial severity of
disease for the prognosis.

STUDY MATERLAL

Background
A long tradition exists in Denmark in regard to

tuberculosis reporting. Respiratory tuberculosis has
been a notifiable disease since 1905, and all the
notifications have been filed in a central register
since 1921, serving as a basis for the annual mor-
bidity statistics. By 1945 the country had been
covered by a network of 26 chest clinics, by which
most of the patients were diagnosed and to which
all patients were referred for treatment and follow-up
examinations. The reporting system could therefore
be expanded to cover, not only the occurrence of
the new cases of respiratory tuberculosis, but also a
follow-up of the patients: cured patients and those
dying before cure have, since 1951, been reported
annually by the chest clinics to the Danish Tuber-
culosis Index. The rule is followed that a patient
must have been abacillary for 3 years after treatment
before he is reported cured.

This development has opened the way for detailed
studies on the complex epidemiology of respiratory
tuberculosis. The prevalence of the disease can now
be established on a sounder basis than hitherto;
cure and mortality statistics based upon follow-up
of the patients can be worked out; and material
for the preparation of relapse statistics is being
created by the accumulating file of records for cured
patients. These possibilities have been discussed by
Horwitz & Palmer (1964), and a detailed description
of the reporting system and the files in the Danish
Tuberculosis Index has been given by Horwitz (1962).

Basic material
The material for the study was obtained from the

data on occurrence of disease, cure, and death in
the Danish Tuberculosis Index. In principle, it con-
cerns the 6110 first-time cases of respiratory tuber-
culosis who were suffering from active disease on
1 January, 1961, and the 3378 new cases reported
during the 4 years 1961-64. Among the latter
group, however, there are 213 patients who were
reported only after death, and who cannot therefore
be used in a follow-up mortality study. Data on
the remaining 9275 patients constitute the material
dealt with in paper 7.

In the present analysis the material is split up
according to results of the initial X-ray and bacte-

riological examinations. These data are incomplete
for 820 of the patients who therefore had to be
excluded; this was the case also for 300 patients
who apparently suffered only from pleurisy. These
reductions, which amounted to 12% over-all, gave
only insignificant changes in the expressions for
prognosis by age and sex. It is therefore fair to say
that the study is still based upon all cases of respira-
tory tuberculosis in Denmark.
The number of patients at the beginning and the

end of the 4-year observation period is given in
Table 1, together with the inflow of new patients
and the outflow of cures and deaths which took
place during these years. The deaths under study
include all deaths, irrespective of the ascribed
cause of death; this point will be discussed later in
the paper.

TABLE I

STUDY MATERIAL

No. of patients 1 January 1961 5 383

+ Patients reported 1961-64 +2 772

Total no. of patients in study 8 155

-Cures 1961-64 -3 827

-Deaths 1961-64 -717

No. of patients 31 December 1964 3 611

METHOD OF ANALYSIS

The processing of the material is done in two steps.
It is first divided into different submaterials accord-
ing to the patient's sex and age and the severity of
the disease. The patients in each submaterial are
then followed from 1 January 1961 (or from the
date they were reported) until 31 December 1964,
with observation of what happens to them in terms
of cure and death. The processing of the follow-up
data has been described in detail in paper 7; here,
therefore, only the principal features of the pro-
cedure will be explained, with data for the total
patient material used as an example.

Linkage ofpatient groups
Although none of the patients has been followed

for more than 4 years, the material contains infor-
mation on cure and death for patients with any
duration of disease up to more than 20 years.
Through a kind of linkage procedure, it may be
handled in a manner that is tantamount to follow-
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ing a group of patients from the date they were
reported to the tuberculosis register until the time
of their cure or death. This process starts with the
2772 patients reported during 1961-64, who are
followed from their date of reporting until 31 Decem-
ber 1964. By this date, 496 of them had been cured
or had died, leaving 2276 patients still with active
disease. These patients, for whom the duration of
disease now ranged from a few days to 4 years,
cannot be followed any longer. They are therefore
replaced by those among the 5383 patients (see
Table 1) who were reported in 1957-60 and thus
had the same duration of disease (0-4 years) by
1 January 1961. There are 3093 such patients,
who are now followed for 4 years, up to the end
of 1964; at this time 720 of them remained with
active disease, with a duration of between 4 and
8 years. These 720 p4tients are now replaced by
1016 others, with the same duration of disease at
the beginning of 1961 (reported in 1953-56); and
so on, until there are no more patients left. (In prac-
tice, the process could be stopped when a duration
of disease of 20 years had been reached.)
Each time a group of patients is replaced by an-

other group, the latter is always larger than the
former. This means that the method of analysis
corresponds, in principle, to a complete follow-up
of a least 2772 patients (the size of the initial group).
The average number must be between this figure
and that for the total number of cures and deaths
observed during the process (4544). To be on the
safe side, the former figure, i.e., the number of
patients reported as new cases during 1961-64, is
used in assessing the reliability of the results, and is
referred to as the size of the study population.

The decrement table

From the observations of cure and death made
during the indicated follow-up process, the decre-
ment table given in Table 2 may be worked out.
It shows how a group of 1000 new patients would
decrease with time if they were subject to the cura-
bility and mortality experienced by the study popula-
tion during the 4 years 1961-64. The first column
gives the size of the patient group at 1-year intervals
up to 10 years after the reporting, while the second
and third columns give the cures and deaths taking
place during the intervening 1-year periods. With
regard to what happens later on, the table shows
(for practical reasons) only the number of cures
and deaths occurring between 10 and 15 years, and
more than 15 years, after the reporting.

TABLE 2
DECREMENT TABLE FOR TOTAL STUDY POPULATION

Yepartsince Active Cases Cures Deaths

0 1 000
1 67

1 932
6 26

2 900
20 24

3 856
357 20

4 479
177 13

5 289
112 9

6 168
58 7

7 103
31 4

8 68
19 2

9 47
12 2

10 33
22 3

15 8
6 2

Total f 821 179

The prognosis index

The bottom line of Table 2 shows that 18% of
the initial number of patients died before being cured.
This percentage is a suitable index for the prognosis
of tuberculosis among the patients upon whom the
decrement table is based. It obviously depends
upon the mortality experienced by the patients
when they still suffer from active disease: if this
mortality is high, the percentage of patients dying
before cure will also tend to be high. The index
also depends, however, upon the curability experi-
enced by the patients: if the curability is low,
there will be time for many of the patients to die
before cure. A high prognosis index, therefore,
indicates that the prognosis has been bad for the
patients, while a low index shows that the prognosis
has been good.
The reliability of a prognosis index may be indi-

cated by a confidence interval, established as
explained in the Annex.

Cure and death rates

The prognosis index is useful because it gives a
simple 1-figure expression for the prognosis of dis-
ease for a given patient-category. It is, however,
also of interest to know whether a difference
between two indices reflects an underlying differ-

6
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ence in mortality, in curability, or perhaps in
both. For this purpose, annual cure and death
rates for the different patient-categories must be
studied. Such rates may be established on the basis
of the decrement tables, as described in paper 7.
Each rate refers to patients who are alive with active
disease at the beginning of a certain year; a cure
rate expresses their probability (as a percentage) of
being cured before the end of the year, and a death
rate shows their probability of dying within the
year. The rates are independent, i.e., the cure rate
is not influenced by whether the mortality is high or
low, and vice versa.
The size of the study material allowed only the

calculation of rates for each of the first 10 years
after reporting. Even so, in order to diminish the
random variations, death rates for the 3rd-lOth years,
and cure rates for the 5th-lOth years, had to be
smoothed by the 3-point or 5-point moving-average
method.

RESULTS

Significance of age and sex

Prognosis indices by age and sex. A general
impression of the significance of a patient's age
and sex for prognosis is obtained from the prognosis
indices in Fig. 1. They show that the prognosis
becomes steadily worse with increasing age: the index
goes from about 1 for the youngest age-group,
patients who were below 20 years when reported, up
to 82 for those who were above 80 years. Sex also is
of significance: the index is higher (i.e., the prognosis
is worse) for males than for females in practically
all age-groups. The difference is most pronounced
for patients between 40 and 70 years; the index for
males is here 1 1/2-2 times as high as the correspond-
ing index for females.

Cure and death rates by age. The increase in
the prognosis index with age may, as explained
above, be due to either a decreasing curability,
or an increasing mortality, or both. To see how
this may be, annual cure and death rates for different
age-groups are compared in Fig. 2, with cure rates
to the left and death rates to the right; the rates
are simple averages of rates for males and females.
Each of the curves shows the 10 annual rates to
which patients, belonging to a particular age-group
at the time of reporting, are consecutively " exposed "

during the following 10-year period; this means that
the age of the patient-group increases by 10 years
from the beginning to the end of the curve.

FIG. 1
PROGNOSIS INDICES BY AGE AND SEX

AGE IN YEARS AT REPORTING

0-19 120-29 30-39 140-49 j50-59 60-69 170-79 80-

82
80

FEMALES

46

23
20 1

I 3
POP 188 146 232 181 120 112 96 53
NI 0-4 1-7 2-8 3-12 6-18 16-31 36-56 71-92

POP= SIZE OF STUDY POPULATION

N T = 95% CONFIDENCE INTERVAL FOR PROGNOSIS INDEX

FIG. 2
ANNUAL CURE AND DEATH RATES BY AGE

AND DURATION OF DISEASE

A. CURE RATES

82
LujF-

B. DEATH RATES

2 4 6 8 l0 0 2 4
YEARS SINCE REPORTING
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The variation of curability with age is illustrated
by curves for the age-groups 0-9 years, 20-29 years,
and 70-79 years; curves for the intervening ages run
in between- the curves shown. All the curves follow
the same general pattern: the rates are negligible
the first 3 years after reporting, because of the
3-year rule of abacillarity explained above under
" Study Material "; they then rise to a maximum
at the 4th or 5th year, after which they decrease
again. This decrease indicates that patients who
have been ill for a long time are suffering from
severe disease with relatively low curability. The
maximal rates are extremely high, about 60 %, for
the youngest age-group. At the age of 20-29 years
they have gone down to 40 Y., but from then on the
curability changes only little with increasing age;
even patients who were 70-79 years when reported
have cure rates ofabout 35%/ during the 4th-6th years.
That the rates for the 0-9-year group decrease so
steeply from the 6th to the 10th year after reporting,
and that they end up at a lower level than the cor-
responding rates for older patients, are features that
will be commented on later in the paper, under
Discussion ".
The age dependency of mortality is demonstrated

by curves for each 10-year age-group between
20-29 and 70-79 years. These curves also follow
a general pattern, in any case from the age of
40 years and upwards. The death rates are here
very high the first year after reporting, probably
because some patients are diagnosed and reported
only at an advanced stage of the disease. A minimum
is attained about 3 years after the reporting; most
of the patients who were dangerously ill have now
died, and a large proportion of the patients remain-
ing in the register are probably in reality cured and
await only the termination of the 3-year period of
abacillarity. The following increase in the death
rates with duration of disease may be explained
partly as a consequence of the increasing age, and
partly by the severity of disease among patients with
long duration of illness, indicated by the falling
cure rates.
Concerning the mortality level for the single age-

groups, the over-all death rate for patients below
20 years is 0.2%; this low rate could not be split
by duration of disease. The corresponding rate for
the 20-29-year group is 0.5 %. From this age-
group upwards the graph shows a steady increase
in mortality with age, for all durations of disease;
the rates are, roughly speaking, doubled for each
10-year increase in age. The rates for patients above

80 years (not shown in the graph) are extremely
high: 44% in the first year after reporting, and
about 20% in each of the following 4 years.
It is now clear that age, at least among patients

above 20 years, is of much greater significance for
the patients' mortality than for their curability. This
means that the increase of the prognosis index with
age, seen in Fig. 1, is largely due to an increasing
mortality, and only to a minor extent to a decreasing
curability.

Comparison of death rates with general mortality.
The mortality curves in Fig. 2 may be used for a
comparison between the tuberculosis patients' mor-
tality and the general mortality in Denmark. For
this purpose the curves have been reproduced one
beside the other in the 6 sections of Fig. 3, one for
each age-group. The curve labelled " General popula-
tion " shows the mortality experienced during 1962-63
by persons in the general Danish population of the
same age as the corresponding patient-group (Den-
mark, Statistiske Departement, 1965). For example,
the patients 40-49 years old at the time of reporting
were, on an average, approximately 45, 46, ...

54 years old at the beginning of each of the 10 follow-
up years, respectively; the corresponding general
mortality curve therefore represents the 10 annual
death rates for persons in the general population of
these ages. The general mortality rates are (as are the
rates for the tuberculosis patients) simple averages
of rates for males and females.

FIG. 3
ANNUAL DEATH RATES FOR TUBERCULOSIS PATIENTS

AND THE GENERAL POPULATION, BY AGE

20-29 30-39 l 40-49 50-59 160-69 70-79
2c YEARS YEARS 'YEARS, YEARS YEARS YEARS
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Fig. 3 shows that the mortality is much higher
among the tuberculosis patients than in the general
population. The first year after reporting, the patients
have death rates which are 3-10 times higher than
the rates normally experienced by persons of the
same age; and even when the two sets of curves
come closest, the rates are usually 2-3 times higher
for the patients than for the general population.
The patients below 20 years, not dealt with in the
graph, also have a mortality which is several times
higher than normal.,

FIG. 4

ANNUAL CURE AND DEATH RATES BY SEX AND
DURATION OF DISEASE FOR THE AGE-GROUP

40-59 YEARS

A. CURE RATES

IQ, 21

H

B. DEATH RATES

l; ol i, IL
6 8 l0 0 2 4

YEARS SINCE REPORTING

Cure and death rates by sex. It will be recalled
from Fig. 1 that the prognosis is considerably worse
for middle-aged adult males than for females. This
point is further illustrated in Fig. 4, where cure and
death rates are compared for males and females;
the rates shown are for patients 40-59 years old at
the reporting, but corresponding rates for the
60-79-year group have the same features. It will be

seen that males have a lower curability, as well as a
higher mortality, than females. The differences
between the cure rates are, however, relatively
smaller than those between the death rates; these
rates are generally about twice as high for males
as for females. The difference between the prognosis
indices for the two sexes is therefore mainly due to
a difference in mortality.

Significance of initial X-ray status

How the prognosis of disease for a patient depends
upon the result of his X-ray examination at the time
of reporting will now be illustrated by means of
prognosis indices, cure rates, and death rates, for
4 patient-categories differing with respect to exten-
sion and severity of the lesions. The extension is
indicated by a distinction between unilateral and
bilateral lesions, and the severity is characterized by
the absence or presence of a cavity (definite or
suspected). The composition of the 4 patient-groups
with respect to age and sex varies considerably;
Appendix Table 1 shows that there are relatively
many old persons and many males among the patients
with extensive and severe lesions. Because of this
correlation, and the significance of age and sex for
the prognosis, the relevance of the X-ray status
must be studied separately for different sex- and
age-groups, or a standardization must be made with
respect to these factors.

Prognosis indices. Prognosis indices for the
4 patient-categories with differing X-ray status are
given in Appendix Table 1, according to sex and
to age-group. In the group below 20 years there
were so few patients with extensive and severe lesions
that the data for this age-group cannot be used in

A. BY EXTENSION OF
LESIONS

(I)

I4J

~4

B. BY SEVERITY OF
LESIONS

FIG. 5

COMPARISON BETWEEN PROGNOSIS
INDICES FOR PATIENTS WITH
DIFFERENT INITIAL X-RAY STATUS

BILATERAL LESIONS
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the further analysis. Among the 24 indices for
patients above 20 years, there are 12 for unilateral
and 12 for bilateral lesions. These indices are
compared in Fig. 5A, where the co-ordinates of
each dot represent a pair of corresponding indices
for unilateral and bilateral lesions, referring to
patients of the same sex, age, and severity of lesions.
Most of the dots lie well below the oblique identity
line, which means that patients with unilateral lesions
usually have a lower prognosis index, i.e., a better
prognosis of disease, than patients with bilateral
lesions.
A similar comparison is made in Fig. 5B between

corresponding indices for patients with and without
cavity. Here also, most of the dots lie below the
identity line, meaning that for patients without
cavity the prognosis is better than for patients with
cavity. The average difference between correspond-
ing indices is, however, only 3.7, as against 6.8 in
Fig. 5A.

Cure and death rates. Further information on the
prognosis for the different patient-categories is pro-
vided by the cure rates in Fig. 6 and the death rates
in Fig. 7. The rates for unilateral and bilateral
lesions, shown in Fig. 6A and Fig. 7A, have been
standardized with respect to sex and presence or
absence of cavity, using the over-all composition of
the age-group as the standard; and the rates in
Fig. 6B and 7B for patients with and without

FIG. 6
ANNUAL CURE RATES BY X-RAY STATUS AND
DURATION OF DISEASE FOR THE AGE-GROUP

40-59 YEARS
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6 8 10

cavity have been standardized with respect to sex
and extension of lesion.
The cure rates are higher for unilateral than for

bilateral lesions and higher for patients without
cavity than for patients with cavity. The pattern
of the death rates, however, is different for the two
classifications: while patients with bilateral lesions
consistently have a higher mortality than those with
unilateral lesions, the death rates are not much
different for patients with and without cavity. This
means that the differences between the prognosis
indices for unilateral and bilateral lesions, seen in

FIG. 7

ANNUAL DEATH RATES BY X-RAY
STATUS AND DURATION OF DISEASE

FOR 3 AGE-GROUPS
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A. POSITIVE-NEGATIVE

IqJ
K5

B. DEGREE OF POSITIVITY FIG. 8
COMPARISON BETWEEN PROGNOSIS
INDICES FOR PATIENTS WITH DIFFERENT
INITIAL BACTERIOLOGICAL STATUS

POSITIVE ON DIR. MICR.

Fig. 5A, are to some extent explained by differing
mortalities for the two patient-categories, while the
corresponding (and smaller) differences in Fig. 5B
between indices for patients with and without cavity
reflect only a higher curability for the latter category.

Significance of initial bacteriological status

By means ofthe results of the initial bacteriological
examination of the patients, they have been divided
into 2 main categories: those for whom tubercle
bacilli were found, and those who were abacillary.
The absence of bacilli for the latter category was

always confirmed by sputum culture or by gastric
lavage. The bacteriologically positive patients have
been further divided into those who were positive
on direct microscopy and those for whom the bacilli
could only be demonstrated by culture (of sputum
or gastric lavage).

Prognosis indices for these patient-categories are

given in Appendix Table 2, by sex and age, and

FIG. 9

ANNUAL CURE AND DEATH RATES BY
BACTERIOLOGICAL STATUS AND DURATION

OF DISEASE FOR THE AGE-GROUP 40-59 YEARS

A. CURE RATES B. DEATH RATES
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the indices for patients above 20 years are compared
in Fig. 8. Fig. 8A shows that the prognosis is
always better for abacillary patients than for bac-
teriologically positive patients. The comparison in
Fig. 8B, between corresponding indices for patients
who were positive on direct microscopy and those
positive on culture only, shows that the prognosis
tends to be better for the latter category; the differ-
ences are, however, much smaller than in Fig. 8A.

Cure and death rates for abacillary patients and
the 2 bacteriologically positive categories are shown
in Fig. 9 (40-59-year age-group). The abacillary
patients have very high cure rates 4-6 years after
reporting; thereafter there are so few patients
left in the material that rates cannot be established
for this category for the later years. Their death
rates are very low. In the 2 bacteriologically positive
categories, the patients positive by culture have a

slightly higher curability and a slightly lower mor-

tality than those positive by direct microscopy.

Combination of X-ray and bacteriological status

On summarizing the findings in the last two sec-

tions, the following feature stands out: in each of
the sections one factor is shown to be of great
significance for prognosis, while another appears

to be of less importance. Of the 2 X-ray factors-
unilateral or bilateral lesions and presence or absence
of cavity-the former defines 2 patient categories
with different mortality and curability, while the
latter-perhaps rather surprisingly-is of relevance
only for the patients' curability. In the subdivisions
according to bacteriology, the patients' mortality
and curability depend very much upon whether
tubercle bacilli have been found, but the way of
demonstrating the bacilli is of minor importance
only.

BACT. POSITIVE
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FIG. 10

PROGNOSIS INDICES FOR 3 CATEGORIES
OF TUBERCULOSIS PATIENTS, BY AGE

POP= SIZE OF STUDY POPULATION

INT.=95% CONFIDENCE INTERVAL FOR PROGNOSIS INDEX

The two "strong" subdivisions will now be
combined. Appendix Table 3 gives, separately for
males and females within 4 age-groups, the prognosis
indices for 3 patient-categories: abacillary patients,
patients with demonstrated tubercle bacilli and uni-
lateral lesions, and patients with bacilli and bilateral
lesions. Most patients in the first category have
unilateral lesions, so that no further subdivision
can be made. On the basis of this material, sex-
standardized indices have been worked out for the
3 patient-categories and presented in Fig. 10. This

0 2 4 6 8 0

YEARS SINCE REPORTING

graph shows that it is possible, on the basis of the
simple distinctions between positive and negative
results of the bacteriological examination and
between unilateral and bilateral lesions, to single
out 3 patient-categories for which the prognoses
are widely different. The patients for whom the
prognosis is poorest, those who are bacteriologically
positive and have bilateral lesions, have indices
which are several times higher than the indices for
patients for whom the prognosis is best, those who
are bacteriologically negative.

FIG. 11

S 3 CATEGORIES OF TUBERCULOSIS
PATIENTS, BY AGE AND DURATION
OF DISEASE

901



E. IVERSEN

That the different prognosis indices reflect, to a
large extent, different mortality levels for the 3 pa-
tient-categories is seen from Fig. 11. Annual death
rates are presented there, separately for each of the
3 adult age-groups, and are compared with the
corresponding general mortality. Even when one
disregards the high rates for the first year after
reporting, the bacteriologically positive patients with
bilateral lesions are found to have death rates
2-10 times higher than the general population. The
rates for abacillary patients are much lower, but
still well above the general mortality level. In be-
tween these two sets of rates fall the rates for
bacteriologically positive patients with inilateral
lesions.
The cure rates for the 3 patient-categories also

differ distinctly, as seen from Fig. 12. The differences
are most pronounced for the 4th and 5th years
after reporting, where the highest rates are about
twice as high as the lowest. The fact that the dif-
ferences wane with time, and that two of the curves
for the oldest patient-group even cross, will be
discussed below.

DISCUSSION

As indicated in the Introduction, the concept
" prognosis of disease for a patient " has several
aspects, some of which are relevant for some dis-
eases, some for others. The aspects considered in
the present study are the patient's risk of death and
his chance of cure; the suitability of these measures
for characterizing the prognosis of tuberculosis in
a patient will now be discussed.

Mortality
The mortality measure used in the study is the

total mortality rate, including deaths from all causes.

A. 20-39 YEARS B.40-59 YEARS C. 60 YEARS a OVER

60 __ _ _ .

50__

20LEGEND.t

SEE FIGI11

2 4 6 8 0 2 4 6 8 0 2 4 6 8 10
YEARS SINCE REPORTING

At first sight this may seem a rather crude instru-
ment for differentiating between the prognoses for
various patient-categories. One might ask whether
the prognosis for a patient could not be more finely
characterized if his risk of dying only as a conse-
quence of the disease were considered. To express
this risk, however, is not easy.
When dealing with a chronic disease such as

tuberculosis there will be many instances of a
deceased patient also suffering from other diseases
at the time of his death. In such cases it may be
difficult to decide whether tuberculosis should be
considered the primary or a secondary cause of
death, or whether it was of no importance in causing
death. The decision may be influenced by pre-
conceived opinions about the death risks for various
categories of tuberculosis patients; this is, of course,
very unfortunate when an objective assessment of
these risks is the purpose of the study.
The only deaths which it would be desirable to

exclude from the mortality rates are, therefore, those
in which it is quite obvious that death would have
occurred even if the patients had not been suffering
from tuberculosis. Such deaths, however, are very
difficult, if not impossible, to recognize; tubercu-
losis may, in principle, have played a role even in
the case of a traffic accident or suicide. Therefore
there seems no other choice but to include all the
deaths, regardless of the ascribed cause, in the study.

In the comparisons between mortality rates for
tuberculosis patients and the general population
(Fig. 3 and 11), an excess mortality was always
found for the patients. As tuberculosis patients con-
stitute only an insignificant proportion of the total
population (about 1 per 1000), the general mortality
rates may be taken to express the mortality among
the non-tuberculous population. It would then

FIG. 12

ANNUAL CURE RATES FOR
3 CATEGORIES OF TUBERCULOSIS
PATIENTS, BY AGE AND DURATION
OF DISEASE
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seem natural to interpret the difference between the
two sets of rates as an extra death risk caused by
tuberculosis. This should, however, be done at
least with some caution.

It is a general notion that a relatively large pro-
portion of the tuberculosis patients come from
certain population groups with rather high mortality
risks, even for persons not suffering from tuber-
culosis. If this is correct, the excess mortality
observed in Fig. 3 and 11 gives a somewhat exag-
gerated impression of the additional mortality
caused by tuberculosis. To clarify this question
would require a supplementary mortality study con-
cerning a group of people who, without suffering
from tuberculosis, are strictly similar in all respects-
including general living conditions-to the tubercu-
losis patients.

Curability

The time trends observed for the cure rates are
strongly influenced by the 3-year rule of abacillarity
followed in the cure reporting system. The sharp
break in the trends, at about 3 years after reporting,
indicates that the rule is too rigid; some of the
patients would probably have been reported cured
earlier, if criteria for cure more closely associated
with the healing process could have been formulated.
A related thought is that the 3-year period could

perhaps in some way be dispensed with in the
analysis, e.g., by moving the curves for the cure
rates 3 years to the left, disregarding the first 3 rates.
However, for logical and clinical reasons, it is not
very satisfactory to define cure as the beginning of
a 3-year period of abacillarity. A systematic error
would also be introduced, since it cannot be known
which of the deceased patients have started an
abacillary period and should therefore be considered
cured before death.
Even applying the 3-year rule, the possibility

cannot be excluded that a decision as to when a
patient is cured may be somewhat influenced by

general impressions of the prognosis for the dif-
ferent patient-categories. The results of the present
study shed some light on this question. Most of
the graphs for cure rates, e.g., Fig. 12, show rela-
tively large differences between the rates for different
patient-categories during the first few years when
cure is taking place, i.e., the 4th and following
years after reporting. The differences disappear
gradually, however, with increasing duration of
disease. This could be explained by the fact that
the patients are classified in the different categories
on the basis of the initial X-ray and bacteriological
examinations; it would seem quite reasonable that,
8-10 years after their reporting, patients have come
to resemble each other in spite of initial differences
with respect to severity of disease. This inter-
pretation is insufficient, however, to explain the fact
that the curves in Fig. 12C and in Fig. 2A not only
meet, but even cross. This feature indicates a reluc-
tance to declare, for example, that patients with
initial bilateral lesions are cured. The result might
be that, with time, this patient-group has come to
include a number of patients who are in fact cured,
while the corresponding patients with initial unila-
teral lesions comprise only those who could not
possibly, so far, be considered cured.

If may now be asked whether the possible sub-
jectivity inherent in the concept of cure may,
in some way or other, tend to invalidate the death
rates. The answer is that this point need cause no
concern. First, owing to the 3-year rule of abacil-
larity, the death rates for the first 3 years after
reporting are based upon practically all the patients
reported; and the mortality differences pointed out
in the study are always observed both for these
and for the following years. Secondly, if patients
for whom the prognosis is bad are declared cured
more slowly than is justified, as compared with
patients for whom it is good, this will tend only to
eliminate existing mortality differences. The differ-
ences observed for the later years, therefore, are
minimum differences.

nnex

CONFIDENCE INTERVAL FOR THE PROGNOSIS INDEX

Because of the rather complicated calculations obtained, however, by using the formula for the
involved in the establishment of a decrement table, /00 - i)
it is difficult to calculate the exact standard error binomial distribution: SE(i) =

N
N

of a prognosis index. An upper limit may be V
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where i is the prognosis index and N the number
of patients reported during 1961-64, i.e., the number
on which the beginning of the decrement table is based.
In other words, N is what has been termed " the
size of study population ". A maximal 95 Y. con-
fidence interval may then be found from

i -1.96 SE(i) < I < i + 1.96 * SE(i)

where I is the "true value " of i.
When i is low, the corresponding binomial distri-

bution is very skew, and the above formulae will
give misleading results. In these cases, the 95%

confidence interval for the number of deaths corre-
sponding to i,

a 100

may be obtained from the limits for the Poisson
distribution

1/2 X2o. 79 (n = 2a) <A < 1/2 X20.025 (n = 2(a + 1))
tabulated in Fisher & Yates (1963, Table Vllli).
The confidence interval for i is then found through
multiplication by 100/N. This procedure has been
used in the present paper when i is below 10.
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RESUME

Cet article remplit une double fin. JI'une part, il
montre comment, pour les personnes atteintes de tuber-
culose de I'appareil respiratoire, le pronostic varie selon
l'age, selon le sexe et selon la gravite de la maladie telle
qu'elle ressort des examens radiologiques et bacteriolo-
giques faits lors du diagnostic. D'autre part, il presente
une analyse d6taillee des guerisons et des deces enregistres
au Danemark entre 1961 et 1964 chez les tuberculeux et
ainsi precise les caracteristiques de la maladie telle qu'elle
existe dans cette region du monde a l'heure actuelle.

L'etude a porte sur 5383 personnes qui etaient atteintes
de tuberculose de l'appareil respiratoire au ler janvier 1961
et sur 2772 nouveaux cas diagnostiqu6s entre 1961 et
1964. Les renseignements concernant les 3827 guerisons
et les 717 deces (toutes causes) survenus ont ete communi-
ques par les 26 centres de lutte contre la tuberculose
pulmonaire qui assurent au Danemark le traitement et les
examens de contr6le pour tous les malades de cette
categorie. Un tuberculeux n'est consider6 comme gueri
que lorsqu'il est reste exempt de bacilles pendant trois
ans apres le traitement.

Plus les malades sont ages, plus le pronostic est defavo-
rable; 2% environ des tuberculeux de moins de 30 ans
meurent avant d'arriver au stade de la guerison alors que
la proportion est de 82% au-dessus de 80 ans. Ces
pourcentages sont "a peu pres les memes pour les deux
sexes; dans les groupes d'age intermediaires, le pronostic
est legerement meilleur pour les femmes.

Si l'on classe les malades selon les resultats de l'examen
radiologique initial, le pronostic est plus favorable pour
ceux qui ont des lesions unilat6rales que pour les tuber-
culeux du meme age et du meme sexe presentant des
lesions bilaterales; on constate peu de differences entre
les malades qui ont des cavernes et ceux qui n'en ont pas.
En ce qui concerne les resultats de l'examen bacteriolo-
gique, les malades exempts de bacilles ont un bien meilleur
pronostic que les bacillaires; on observe une legere
difference entre les cas qui se r6velent positifs a l'examen
microscopique direct et ceux pour lesquels le bacille n'est
mis en evidence que par culture.

Lorsqu'une categorie de malades est indiquee comme
ayant un meilleur pronostic qu'une autre, cela signifie
presque toujours que les taux de mortalite sont inferieurs
et les taux de guerison superieurs pour la premiere. Les
differences relatives entre les taux de mortalite de deux
categories sont habituellement plus grandes que les diffe-
rences correspondantes not6es entre les taux de guerison.
La mortalite des malades est generalement tres forte

imm6diatement apr&s qu'ils ont ete signales. Elle atteint
un minimum au bout de trois ans environ, la plupart des
sujets 6tant alors gueris; les remontees ulterieures sont dues
a des personnes plus gravement atteintes dont la maladie
est de longue duree. Meme quand la mortalite des malades
est 'a son minimum, les taux sont d'ordinaire 2 a 3 fois
plus eleves que les taux correspondants pour l'ensemble
de la population danoise.
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APPENDIX TABLE 1
PROGNOSIS INDICES BY X-RAY STATUS, SEX AND AGE a

Unilateral lesions Bilateral lesions
Age-
(greou Without cavity With cavity Without cavity With cavity

(years) M F M F M F M F

0-19 Prognosis index 1 1 () () - 3 () ()
Size of study population 141 139 7 16 21 27 6 6

20-39 Prognosis index 3 3 3 4 6 3 10 8
Size of study population 173 163 89 94 34 44 75 77

40-59 Prognosis index 15 6 16 4 22 10 28 23
Size of study population 219 134 99 67 112 40 204 60

>60 Prognosis index 44 33 54 46 51 54 53 45
Size of study population 142 108 63 38 142 66 117 49

a ()= prognosis index too unreliable to warrant calculation (study population <20); -= magnitude nil.

APPENDIX TABLE 2
PROGNOSIS INDICES BY BACTERIOLOGICAL STATUS, SEX AND AGE a

I Ig Positive
Age- Negative
group j M Culture Direct microscopy Total
(years)

0-19 Prognosis index - - 3 2 () () 3 2
Size of study population 78 90 86 87 11) 11 97 98

20-39 Prognosis index - 3 3 3 7 4 5 4
Size of study population 64 78 151 165 156 135 307 300

40-59 Prognosis index 11 - 7 20 6 23 13 21 9
Size of study population 100 70 234 123 300 108 534 231

>60 Prognosis index 26 18 49 48 54 43 52 45
Size of study population 61 25 205 148 198 88 403 236

a (= prognosis index too unreliable to warrant calculation (study population <20); -= magnitude nil.
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APPENDIX TABLE 3
PROGNOSIS INDICES BY BACTERIOLOGICAL AND X-RAY STATUS,

SEX AND AGE a

Negative
Positive

Unilateral

M F M F

Prognosis index - - 3 1

Size of study population 78 90 77 79

Prognosis index 3 3 3
Size of study population 64 78 207 193

Prognosis index 11 7 16 5
Size of study population 100 70 246 146

Prognosis index 26 18 49 38
Size of study population 61 25 166 129

Bilateral

M F

-
I

4
20 19

9 6
100 107

27 17
288 85

54 54
237 107

a = magnitude nil.
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Age-
group
(years)

0-19

20-39

40-59

>60


