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Worldwide, tuberculosis is the main infectious cause of
death among adults, with most of these deaths occurring
in developing countries [1–3]. Many tuberculosis-associ-
ated deaths may be preventable by adequate chemother-
apy. In developed countries, despite a decline in the overall
tuberculosis-associated mortality, the risk of death of pati-
ents with tuberculosis has increased, with an upward shift
in the age distribution of tuberculosis cases [4–6].

In the Netherlands, the risk of tuberculosis infection has
strongly decreased since the Second World War, leading to
a low prevalence of infection among the young, although
the prevalence of infection among the older cohorts is still
high [7]. Consequently, as the incidence among the young
age groups has decreased more strongly than that among
the older ones, this cohort effect has shifted the age distri-
bution of tuberculosis cases in the Netherlands as well.

Recently, the total incidence of tuberculosis in the Neth-
erlands has increased due to immigration from high-prev-
alence countries [8–10]. Among the Dutch, tuberculosis
in the younger age groups is increasingly concentrated in
risk groups such as homeless and alcohol or drug addicts
[7, 8]. It is conceivable that high-risk groups for tuber-
culosis are increasingly difficult to reach by the health
services with an adverse effect on treatment outcome. In
addition, prognosis may be influenced by human immun-
odeficiency virus (HIV) infection [11, 12].

The mainstay of tuberculosis control is treatment, in
order to remove infectious sources from the population [2,
7, 13]. Treatment outcome is, therefore, extremely impor-

tant in assessing performance of a tuberculosis control
programme [14]. For the individual patients and their phy-
sicians there is also a more immediate interest in treatment
outcome, in particular in the probability of surviving the
disease.

In the present paper we estimate the size of excess mor-
tality among tuberculosis patients and identify risk factors
for tuberculosis-associated mortality for patients diagnos-
ed in the Netherlands in the period 1993–1995, using sur-
vival analysis.

Methods

The national tuberculosis register provided data on tub-
erculosis patients diagnosed in the period 1993–1995. New
and relapsed cases of tuberculosis were notified (by name)
to the Ministry of Health. Since 1993, in addition, patient
data at diagnosis were reported anonymously to the natio-
nal tuberculosis register on a precoded report form. These
include: demographic data; localization of diseases; earlier
treatment for tuberculosis; case finding method; bacterio-
logical confirmation; and risk groups. After completion
of treatment, death or loss to follow-up, the outcome was
also reported to the national tuberculosis register, on a
separate precoded form. Patients were identified by iden-
tification numbers assigned by the tuberculosis control
section of the public health services, who completed the
report forms. If necessary, data from (private) physicians
treating the patients were collected by the public health
services.
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Data analysis

The outcome of treatment was classified as follows:
cured (with microbiological evidence of cure); completed
treatment (and assumed cured); defaulted (i.e., lost to fol-
low-up); died (cause of death tuberculosis); died (cause of
death other than tuberculosis); and continuing treatment
elsewhere.

If patients were referred within the Netherlands the
public health service in the new area of residence should
report treatment outcome. Therefore, the latter outcome
category was combined in the analysis with those reported
lost to follow-up. In the national register, treatment failure
was not recorded as an outcome; the final outcome is
reported after completion of treatment (or death or loss to
follow-up).

In the present analysis, follow-up was censored at 1 yr
after diagnosis. The outcome death within 1 yr after diag-
nosis was studied. Excess mortality in tuberculosis patients
according to age and sex, was determined by comparison
with published national mortality rates from the Nether-
lands' Central Bureau of Statistics in 1994 [15]. Survival
from those alive at diagnosis up to 1 yr after the start of
treatment was determined using the Kaplan-Meier method.

The risk of death (case fatality ratio) was compared bet-
ween subgroups to identify risk factors. Adjustment for
confounders was carried out using Cox's proportional haz-
ard analysis for all variables except HIV infection. As the
risk of HIV infection was not proportional over time, we
used logistic regression to adjust for confounders in esti-
mating the risk of death associated with HIV infection. In
the multivariate proportional hazards model, analysis was
restricted to those without HIV infection.

The multivariate model was built starting with the vari-
ables with basic characteristics likely to be associated with
mortality: sex; age; presence of malignancy; and localiza-
tion of tuberculosis. Next, we examined variables associ-
ated with case finding; method of case detection (active or
passive); nationality (country which issued the passport);

patients being asylum-seekers; and the type of physician
making the diagnosis. Finally, it was established whether
addiction to alcohol or drugs was associated with increas-
ed mortality. Variables were selected based on either a pri-
ori knowledge, or if there was a univariate association
with mortality. Survival curves were constructed for three
risk groups identified on the basis of this analysis.

Results

In the period 1993–1995, of 4,981 registered tubercu-
losis patients, 105 (2%) had died at the time of diagnosis.
Treatment outcome and duration were reported for 4,340
(89%) of those alive at diagnosis. Reporting of treatment
outcome was not associated with sex or age of the patient,
but was somewhat less complete for recent immigrants
from Somalia (82%) and the former Yugoslavia (82%)
than for other nationalities. Reporting was less complete
for those diagnosed in 1995 (80%) than for those diag-
nosed in 1993 (92%) and 1994 (94%), suggesting some
reporting delay.

Of the 4,340 patients alive at the start of treatment and
with reported treatment outcome, 539 (12%) were treated
for more than 1 yr. Of these 539, 12 (2%) died after more
than 1 yr, reportedly due to causes other than tuberculosis.
Of the remaining 3,801, 3,099 (82%) were reported cured
or had completed treatment, 444 (12%) were reported lost
to follow-up or transferred out and 258 (7%) had died.
Loss to follow-up occurred evenly over the treatment peri-
od at a rate of 14.3 per 100 person-years (95% confidence
interval (CI) 13.0–15.7). Deaths occurred relatively frequ-
ently soon after diagnosis: Kaplan-Meier survival proba-
bilities were 97.5% after the first month of treatment, 96%
after the 3 months, 95% after 6 months and 93% (95% CI
92–94%) after 1 yr.

Excess mortality among tuberculosis patients on treat-
ment, compared with the general population, is presen-
ted in table 1. Tuberculosis patients had a standardized

Table 1.  –  Excess mortality among tuberculosis patients diagnosed in the Netherlands, 1993–1995
by sex and age

New cases
 of tuberculosis

n

Observation
person-years

Observed
deaths

n

Population
mortality rate

n·1000-1

Expected
deaths

n

SMR
(95% CI)

Males
<25 yrs
25–34 yrs
35–44 yrs
45–54 yrs
55–64 yrs
65–74 yrs
75+ yrs
All

Females
<25 yrs
25–34 yrs
35–44 yrs
45–54 yrs
55–64 yrs
65–74 yrs
75+ yrs
All

Total

638
784
404
242
173
194
168

2603

487
422
232
150
114
132
200

1737
4340

468
572
291
168
118
129
91

1837

354
320
174
114
86
90

124
1262
3099

5
9

14
14
25
41
62

170

2
4
4
3
4

19
52
88

258

0.61
0.78
1.50
3.82

11.68
33.74

115.14

0.39
0.43
1.06
2.61
6.26

16.19
82.44

0.29
0.45
0.44
0.64
1.38
4.35

10.48
18.02

0.14
0.14
0.19
0.30
0.54
1.46

10.22
12.98
31.00

17 (5.6–40)
20 (9.2–38)
32 (17–53)
22 (12–37)
18 (12–27)
9.4 (6.8–13)
5.9 (4.5–7.6)
9.4 (8.1–11)

14 (1.7–52)
29 (7.8–73)
22 (5.9–55)
10 (2.1–29)
7.4 (2.0–19)

13 (7.8–20)
5.1 (3.8–6.7)
6.8 (5.4–8.4)
8.3 (7.3–9.4)

SMR: standardized mortality ratio; 95% CI: 95% confidence interval.
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mortality ratio (SMR) of 8.3. The SMR was higher in
those aged <65 yrs compared to those aged Š65 yrs (ratio
of SMRs 2.9; 95% CI 2.2–3.7).

Risk factors associated with death are presented in table
2. The risk of death was somewhat lower in females than
in males (adjusted hazard ratio (AHR) 0.8) and strongly

increased with age. Compared with patients having pul-
monary tuberculosis, the risk of death was lower in pati-
ents with extrapulmonary disease (AHR 0.5) and increased
in those with combined pulmonary and extrapulmonary
disease (AHR 1.4). The case fatality ratio was much higher
among those diagnosed by clinical specialists than those

Table 2.  –  Risk factors for death within 12 months after diagnosis among 4,340 tuberculosis
patients who were alive at diagnosis

Deaths/registered Hazard ratio (95% CI)
n (%) Crude Adjusted*

Sex
Male
Female

Age  yrs
<25
25–44
45–64
65+

Localization of disease
Pulmonary
Extrapulmonary
Pulmonary and
  extrapulmonary

Diagnosis made by
Tuberculosis MO
Chest physician
Specialist internal medicine
Surgeon
Other specialist
Others

Addiction to alcohol
Addiction to drugs
Malignancy (HR none=1)
HIV infection** (OR none/not reported=1)
Nationality

Dutch
Moroccan
Somalian
Surinamese
Turkish
Former Yugoslavian
Other Africa
Other Asia
Others

Risk groups
Asylum-seeker
- at entry
- later
Illegal immigrant
Homeless

Known with prior tuberculosis disease
  or infection

Yes
No
Unknown

Detected through
Complaints
Contact tracing
Screening of risk group
Other or unknown

Bacteriological confirmation
Yes
No

170/2603
88/1737

7/1125
31/1842
46/679

174/694

175/2762
52/1250

31/328

4/1304
188/2170
44/452
8/117

11/224
3/73
7/47

12/135
42/94
30/168

213/1943
8/496
2/460
2/100
4/251
1/121
4/312

14/435
28/969

1/293
4/510
4/126
4/55

55/470
166/3465
37/405

210/2907
4/424
6/691

38/318

194/2883
64/1457

(7)
(6)

(1)
(2)
(7)

(25)

(6)
(4)

(9)

(0.3)
(9)

(10)
(7)
(5)
(4)

(15)
(9)

(45)
(18)

(11)
(2)

(0.4)
(2)
(2)
(1)
(1)
(3)
(3)

(0.3)
(1)
(3)
(7)

(12)
(5)
(9)

(7)
(1)
(1)

(12)

(7)
(4)

1
0.8

1
1.9

16
78

1
0.6

1.4

1
28
31
21
15
13
2.8
1.5

10
(OR 3.8)

1
0.1
0.04
0.2
0.1
0.1
0.1
0.3
0.3

0.1
0.1
0.5
1.3

2.5
1

1
0.1
0.1

1.5
1

1
0.8 (0.6–1.0)

1
1.6 (0.5–5.1)

10 (3.5–28)
45 (17–124)

1
0.5 (0.3–0.7)

1.4 (0.9–2.2)

1
7.4 (2.7–20)

10 (3.6–30)
13 (3.8–46)
8.9 (2.6–30)
7.0 (1.5–32)
2.4 (1.1–5.3)
3.5 (1.1–11.5)
3.1 (2.2–4.4)

(AOR 9.9 (5.4–18))

1
0.7 (0.3–1.6)
0.5 (0.1–2.4)
0.5 (0.1–2.0)
0.9 (0.3–2.4)
0.8 (0.1–5.9)
0.9 (0.2–3.7)
1.5 (0.8–2.6)
0.7 (0.2–2.7)

0.8 (0.1–6.1)
0.6 (0.2–1.8)
3.7 (1.1–12.5)
1.4 (0.4–4.8)

1.1 (0.8–1.5)
1

1
1.2 (0.5–3.5)
1.2 (0.4–2.8)

0.8 (0.6–1.1)
1

*: adjusted for sex, age, localization of tuberculosis, malignancy, diagnosis made by, and addiction to alco-
hol or drugs, limited to the group without human immunodeficiency virus (HIV) infection; **: for HIV
infection odds ratios (ORs) were calculated, as the risk was not proportional over time. HR: hazard ratio;
95% CI: 95% confidence interval; MO: medical officer; AOR: adjusted odds ratio.  
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diagnosed by a medical officer for tuberculosis control.
The risk of death was strongly increased in tuberculosis
patients addicted to alcohol (AHR 2.4) or drugs (AHR 3.5).

Increased mortality was observed in those having a ma-
lignancy (AHR 3.1) and those having HIV infection (age
and sex adjusted odds ratio 19; 95% CI 11–34). After ad-
justment for other confounders, HIV infected patients
were found to have a tenfold increased risk of death (odds
ratio 9.9; 95% CI 5.4–18). The additional risk of death in
HIV infected people appeared to be more pronounced in
the second 6 months after diagnosis.

Mortality was lower among the non-Dutch compared
with the Dutch (p<0.05), in particular among asylum seek-
ers. Most of these were diagnosed by tuberculosis officers.
After taking into account the medical officer who made
the diagnosis, country of origin did not provide additional
explanatory power and was removed from the model. Ille-
gal immigrants had an increased mortality (AHR 3.7) al-
though numbers were small. No tuberculosis-associated
deaths were observed among 59 prisoners, 97 health work-
ers and 71 travellers to endemic countries.

The apparently increased risk of death for those known
to have had prior tuberculosis disappeared after adjusting
for age. Those detected by screening or contact tracing
had a smaller risk of death in univariate analysis compared
with patients self-reporting with complaints. As noted
above, this effect was captured by taking into account who
made the diagnosis. The risk of death was not associated
with bacteriological confirmation of the diagnosis after
adjustment for age and sex. Antimicrobial resistance at the
start of treatment was observed among 329 patients and
was associated with a nonsignificantly increased risk of
death (AHR 1.6).

Results of a multivariate analysis in those without
reported HIV infection are also presented in table 2. Mor-
tality was found to be independently increased in: males;
older age groups; those having a malignancy; and in alco-
hol or drug addicts. Mortality was also independently as-
sociated with the localization of tuberculosis and the type
of medical officer who made the diagnosis. Addition of
other variables did not significantly improve the model.

The effect of HIV decreased when taking addiction to
drugs into account, and vice versa, as there was considera-
ble overlap between the two groups: 45 out of 135 drug
users (33%) were reported to have HIV infection, compa-
red with 123 out of 4,205 people (3%) not reported to be
drug users.

In order to predict the outcome of tuberculosis patients
who were alive at diagnosis a simple classification was
used (fig. 1). Kaplan-Meier probabilities of surviving 1 yr
after diagnosis were: 72% (95% CI 68–76%) for those
aged Š65 yrs (risk group I), 72% (95% CI 62–80%) for
those aged <65 yrs and having either HIV infection or a
malignancy (risk group II); and 99% for the remainder
(95% CI 98–99%). Risk groups I and II comprised 21% of
the tuberculosis patients and accounted for 83% of tuber-
culosis-associated deaths. Mortality differed in time bet-
ween risk groups I and II, although survival was similar
after 1 yr. Survival after 3 months was 82% (95% CI 79–
84%) in risk group I (aged >65) and 91% (95% CI 86–
94%) in risk group II. Thus, mortality in those aged Š65
yrs occurred relatively early, and in those with HIV infec-
tion or a malignancy relatively late. Losses to follow-up
per 100 person-years were: 9.7 (95% CI 7.0–13.1) in risk

group I; 19.4 (95% CI 12.8–28.3) in risk group II; and
14.9 (95% CI 13.4–16.4) in the remainder.

Overall, 35 out of 258 tuberculosis-associated deaths
(14%) were attributed to tuberculosis. These proportions
were smaller in the above-mentioned risk groups: 18 out
of 174 (10%) in the age group Š65 yrs, two out of 30 (7%)
in those with HIV infection, and one out of 42 (2%) in
those with a malignancy.

Discussion

This study has shown that in the Netherlands, patients
with tuberculosis are at a considerably increased risk of
death compared with the general population. Over 80%
of tuberculosis-associated deaths occurred in those aged
Š65 yrs and those with HIV infection or with a malignancy.
These risk groups comprised 21% of all tuberculosis
patients. The subdivision in risk groups may be helpful for
counselling patients regarding their prognosis, which is
very good for those aged <65 yrs and without HIV infec-
tion or a malignancy.

In reports from the Netherlands and the UK, increases
in the crude case fatality ratio of tuberculosis were attri-
buted to ageing of the patient population [4, 5]. Though,
as in the UK, the standardized mortality ratio was lower in
the older age groups [16], the excess number of tuberculo-
sis-associated deaths was much larger than in the younger
age groups. Difficulty in diagnosing tuberculosis in the
elderly leading to diagnostic delay and a reduced immune
response in this group have been suggested as explana-
tions for their increased case fatality [4, 5]. Underdiagno-
sis is suggested in the current study by the relatively large
number who were diagnosed after death [17, 18]. There-
fore, a high level of clinical suspicion among physicians
treating elderly patients remains necessary [19].

Tuberculosis patients with HIV infection were appro-
ximately 10 times more likely to die than tuberculosis
patients without HIV. The prevalence of HIV among tub-
erculosis patients was low, at 4%. As reported elsewhere,
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Fig. 1.  –  Survival curves of three risk groups among tuberculosis
patients diagnosed in 1993–1995 in the Netherlands.       : subjects aged
Š65 yrs;        : subjects aged <65 yrs and having either human immuno-
deficiency virus (HIV) or a malignancy;        : all other subjects. Denom-
inator data (number of surviving subjects) at day 0 were 694 in subjects
aged Š65 yrs, 204 in those with HIV/malignancy, and 3,442 in other
subjects. Values presented on the figure represent denominator data at
that time. 
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excess mortality generally occurred relatively late in the
course of treatment and was attributed to causes other
than tuberculosis [11, 12, 20]. As offering HIV testing to
tuberculosis patients is not a national policy, the report-
ed number of HIV-infected patients should be regarded as
a minimum estimate. If HIV testing was more likely in
those with serious disease or responding poorly to treat-
ment, the additional risk of HIV infection may be overes-
timated by the present study.

Patients from high prevalence countries were less likely
to die than Dutch patients, even after adjusting for differ-
ences in age. If migrants represent a relatively healthy
group of the population of origin, this might be interpreted
as a "healthy migrant effect". Alternatively, as a large pro-
portion of cases among immigrants were detected through
a screening programme, patients may have been detected
relatively early in the course of disease leading to a better
prognosis. Possibly, the screening programme has not only
reduced transmission through early case detection, but
also benefited the patients being detected.

A very strong association was found between the type
of physician diagnosing tuberculosis and case fatality.
This is partly explained by the better prognosis of patients
detected through screening, as these were all diagnosed by
tuberculosis medical officers. An additional reason lies in
the referral system. In the Netherlands, the first point of
contact of a patient with the healthcare system is with the
general practitioner. The general practitioner may refer
patients either to a clinical specialist such as a chest phy-
sician, or to a tuberculosis medical officer in the public
health service. Patients who are seriously ill are more
likely to be referred to hospital, be attended to by a clini-
cal specialist, and also to die. Differences in case manage-
ment are unlikely to explain the observed differences in
case fatality.

Overall, the rate of loss to follow-up was 14.3 per 100
person-years. Losses to follow-up were slightly lower in
the elderly and slightly higher among those with HIV
infection or a malignancy. If losses to follow-up were as-
sociated with decreased or increased mortality, tuberculo-
sis-associated mortality may have been somewhat over- or
underestimated. Ideally, mortality among those lost to
follow-up would be traced in the mortality registration.
However, the national tuberculosis register is anonymous,
making this linkage very difficult. As losses to follow-up
were not strongly associated with the identified risk fac-
tors, major bias in the risk factor analysis seems unlikely.

In many tuberculosis patients, multiple causes of death
may act simultaneously, so the cause of death may not be
determined with accuracy [21, 22]. Recently, in Norway,
this misclassification was shown to be considerable [23].
In the present study, most of the analyses included all
deaths, irrespective of the cause of death, so misclassifica-
tion of the cause of death cannot have had a major influ-
ence on the results obtained.

In conclusion, tuberculosis is still a serious disease,
even in developed countries. Mortality occurs mainly in
risk groups that can be identified at the start of treatment.
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