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ABSTRACT: The aim of the present study was to investigate the relationship between smoking

and tuberculosis (TB) among high-risk silicotic patients in Hong Kong.

A cohort of 435 silicotic patients tuberculin tested from 1995–2002 was prospectively followed-

up until the end of 2005. Baseline characteristics were analysed with respect to positive tuberculin

reaction (o10 mm) at baseline and subsequent development of TB.

Smoking, alcohol use and body mass index were independent predictors of positive tuberculin

reaction at baseline in multiple logistic regression analysis. Total cigarette pack-yrs did not

demonstrate any significant effect. The annual incidences of TB were 1,841, 2,294 and 4,181 per

100,000 for never-, ex- and current smokers, respectively. On Cox proportional hazard analysis,

current smokers have a significantly higher risk of TB than other silicotic patients (adjusted

hazard ratio (95% confidence interval (CI)): 1.96 (1.14–3.35)) after controlling for age, alcohol use,

tuberculin status, treatment for latent TB infection and other relevant background/disease factors.

A significant dose-response relationship was also observed with the daily number of cigarettes

currently smoked. Smoking cessation may reduce 32.4% (95% CI: 6.5–54.0) of the risk.

Smoking increases the risk of both tuberculosis infection and subsequent development of the

disease among silicotic patients.
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I
n recent years, there has been increasing
evidence on the relationship between smok-
ing and tuberculosis (TB). Smoking has been

associated with latent TB infection (LTBI) [1–3],
active TB disease [4–8] and TB-related death [9–
12]. However, the underlying mechanisms of
such associations remain largely elusive. As both
conditions are strongly related to a multitude of
socioeconomic factors, increased risk of exposure
could explain, fully or in part, all the associations
observed [13, 14]. The long latent period and
relatively low incidence of active disease among
immunocompetent subjects renders it rather
difficult to dissect the complex relationships.

In Hong Kong, both smoking and TB are
common conditions [15]. Silicosis is also the
second most common statutorily notifiable occu-
pational disease. Silicotic patients are regularly
referred to the Pneumoconiosis Medical Board in
the Tuberculosis and Chest Service of the
Department of Health (Hong Kong, China) for
compensation assessment. Confirmed silicotic
patients are reassessed every 2 yrs for delineation
of additional disability and also at death for
contribution of the disease. During compensation
assessment, detailed occupational and smoking

histories are available. A very high risk of TB has
been reported among these silicotic patients [5,
16]. Since 1995, tuberculin tests are also regularly
offered to newly confirmed cases without pre-
vious history of TB. The availability of detailed
assessment and tuberculin testing records in the
present high-risk cohort allowed examination of
the effect of smoking on TB prospectively and in
greater detail.

MATERIALS AND METHODS

Study subjects
All silicotic patients without previous history of
TB, tuberculin skin testing or treatment for LTBI
were offered a Mantoux test with purified protein
derivative RT23 (1 unit from August 1, 1995 to
June 30, 2000; 2 units from July 1, 2000 to
December 31, 2002) as part of the regular service.
Due to their existing small numbers, female
subjects were excluded from the present study.
The study was approved by the ethics committee
of the Department of Health of Hong Kong.

Study design
A prospective cohort analysis was performed on
the development of TB.
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Methods
The following baseline information was collected at the time of
tuberculin testing: date of tuberculin testing; name; age;
identity card number; ethnicity; smoking history; alcohol use;
bacilli Calmette–Guérin (BCG) scar; coexisting medical condi-
tions; occupation; duration of dust exposure; and disease
indices according to the International Labour Organisation
classification (profusion/size/shape of lung nodules, progres-
sive massive fibrosis). A never-smoker was defined as an
individual who had never smoked as many as 1 cigarette?day-1

or equivalent for the duration of 1 yr. An ever-smoker was
defined as an individual who had smoked o1 cigarette?day-1

for o1 yr. An ex-smoker was defined as an ever-smoker who
had stopped smoking for o1 yr prior to study commence-
ment. A current smoker was defined as an ever-smoker who
was still smoking within the previous 1 yr. A regular drinker
was defined as an individual who drank alcohol regularly
(o4 days?week-1) at the time of tuberculin testing. The cohort
was followed-up prospectively in the Pneumoconiosis Clinic
(Hong Kong) or other chest clinics of the Tuberculosis and
Chest Service until December 31, 2005. The cohort was also
cross-matched with the statutory TB notification registry and
death registry of Hong Kong for further case finding and
ascertainment of vital status. The period of follow-up was
defined as the period from enrolment to the date of notification
of TB, death or December 31, 2005, whichever was earlier. Date
of TB notification, bacteriological status, form of TB and
previous TB history were retrieved from the notification
registry. The diagnosis and clinical information of all identified
TB cases were verified with the medical records retrieved from
the Pneumoconiosis Clinic and other relevant sources. An
active case of TB was defined as disease proven by isolation of
Mycobacterium tuberculosis or, in the absence of bacteriological
confirmation, disease diagnosed on clinical, radiological and/
or histological grounds together with an appropriate response
to treatment.

Analysis
The effect of background and disease characteristics on LTBI
(defined as a tuberculin reaction o10 mm) on the baseline was
first analysed in a cross-sectional analysis, followed by a
prospective analysis with respect to the development of active
TB disease and culture-proven TB. For univariate analysis,
Chi-squared or Fisher exact tests were used for categorical
variables and ANOVA for numerical variables as appropriate.
Multiple logistic regression analysis and Cox proportional
hazards analysis were then employed in the cross-sectional
and prospective analysis, respectively, to control for all the
confounding background/disease variables. A two-tailed p-
value ,0.05 was taken as statistically significant. The risk of TB
attributable to smoking was derived by applying the adjusted
hazard ratio to the Levin formula [17]:

Attributable risk5p6(r-1)/[p6(r-1)+1] (1)

where p is the proportion of the population exposed and r is
the relative risk of disease for the exposed group.

RESULTS
A total of 441 silicotic patients were tuberculin tested from
August 1, 1995 to December 31, 2002. Six female patients were

excluded, leaving 435 male silicotic patients for analysis. All
recruited subjects were ethnically Chinese.

Table 1 summarises the baseline characteristics of all recruited
subjects as stratified by tuberculin status. Smoking was
significantly associated with a positive tuberculin reaction
(o10 mm). Among the ex-smokers in the cohort, there was no
significant difference in the tuberculin-positive rates (66.2
versus 70.5%, p50.554) between those 65 patients having given
up smoking for o10 yrs and the other 105 patients having
given up for ,10 yrs. Variables associated with a positive
tuberculin response (o10 mm) at a p-value ,0.1 were entered
into multiple logistic regression and the results are sum-
marised in table 2. Only smoking status, alcohol use and body
mass index (BMI) remained independent predictors of a
positive tuberculin reaction at baseline. Profusion of nodules

TABLE 1 Background/clinical characteristics of silicotic
patients at tuberculin testing

Variable Tuberculin reaction Overall p-value

,10 mm o10 mm

Subjects n 118 317 435

Age yrs 58.4¡9.9 57.3¡9.9 57.6¡9.9 0.315

Smoking status 0.011

Never-smoker 16.1 9.1 11.0

Ex-smoker 44.9 36.9 39.1

Current smoker 39.0 53.9 49.9

Current cigarette?day-1 3.9¡8.3 4.6¡6.8 4.4¡7.3 0.360

Cigarette pack-yrs 24.0¡20.1 22.7¡21.5 23.1¡21.1 0.543

Regular alcohol use 5.1 13.6 11.3 0.013

BCG scar 1.7 3.8 3.2 0.369#

BMI 23.1¡3.4 23.8¡3.3 23.6¡3.3 0.079

With other comorbidities" 40.7 40.1 40.2 0.907

Principal job 0.104

Underground driller+ 36.4 46.4 43.7

Surface driller1 31.4 32.2 32.0

Fine silicae 5.1 3.2 3.7

Other jobs## 27.1 18.3 20.7

Exposure to dust yrs 24.2¡9.4 24.2¡8.3 24.2¡8.6 0.957

Profusion of nodules 0.066

Category 1 66.9 65.9 66.2

Category 2 27.1 32.2 30.8

Category 3 5.9 1.9 3.0

Size of nodules mm 0.700

,1.5 28.0 32.2 31.0

1.5–3 61.0 57.4 58.4

3–10 11.0 10.4 10.6

Regular shape of nodules 81.4 82.3 82.1 0.878

Progressive massive

fibrosis
18.6 17.7 17.9 0.813

Data are presented as % or mean¡SD, unless otherwise stated. BCG: bacille

Calmette–Guérin; BMI: body mass index. #: Fisher exact, two-tailed p-value; ":

hypertension, diabetes mellitus and other heart, cerebrovascular, lung,

gastrointestinal and renal diseases; +: caisson workers/tunnel workers/miners;
1: surface drillers/stone-splitters/drillers in the construction trade or quarries; e:

involving fine silica powder in gem-, ceramic- or glass-related work; ##: with

medium or low silica dust exposure.
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failed to reach statistical significance. Of the 317 patients with
positive tuberculin reaction o10 mm, only 101 (31.9%)
accepted treatment for LTBI; 61 were administered 6 months
of daily isoniazid and 40 were administered 2 months of daily
rifampicin and pyrazinamide.

The mean duration of follow-up from the day of enrolment to
development of TB, death or December 31, 2005 was
1,908¡847 days. A total of 78 new TB cases were identified
during the period of follow-up, with 75 cases from the regular
clinical follow-up and three further cases from the TB
notification registry. Two cases were found to have nontuber-
culous mycobacterial infection and three other bacteriologi-
cally negative cases were excluded due to absence of
appropriate response after anti-TB treatment. The remaining
73 cases meeting the case definition for active TB were
diagnosed at a mean duration of 1,273¡874 days from the
time of tuberculin testing. In total, 49 (67.1%) of them were
confirmed by successful isolation of M. tuberculosis in culture.
A total of 63 cases (86.3%) had pulmonary involvement alone,
two cases (2.7%) presented extrapulmonary involvement alone
and 8 cases (11.0%) had both. None of the 66 TB patients
consenting to voluntary HIV testing was found to be HIV-
infected. A total of 54 deaths (12.4%) occurred among the
cohort, at a mean duration of 1,201¡843 days from the time of

tuberculin testing. A total of 14 patients died from broncho-
genic carcinomas, 11 from other malignancies, 16 from other
respiratory diseases or complications, nine from cardiovascu-
lar diseases and four from miscellaneous conditions. Nine of
the deaths occurred at varying intervals after the development
of TB, but none of them died directly as a result of the disease.

The annual incidences of active TB and culture-confirmed TB
among different smoking categories are summarised in table 3.
For ex-smokers, there was no significant difference between
individuals who had given up for o10 yrs and those who had
given up more recently in risk of active TB (2,515 per 100,000
versus 1,927 per 100,000; p50.588) and culture-confirmed TB
(1,605 per 100,000 versus 1,548 per 100,000; p50.949). Current
smokers were at a significantly higher risk of both active TB
and culture-confirmed TB than those not currently smoking
(never- and ex-smokers combined) and the differences
persisted after all regular alcohol drinkers were excluded or
after stratification by tuberculin status and treatment for LTBI
(table 4).

The effects of different smoking-related variables on the risk of
active TB disease and culture-confirmed TB in Cox propor-
tional hazard analysis are summarised in table 5. Current
smokers were at an increased risk for development of TB after
adjustment by age, alcohol use, tuberculin status, treatment for
LTBI and other relevant background/disease factors. Figures 1
and 2 demonstrate the higher risks of active TB and culture-
confirmed TB with increasing number of cigarettes smoked per
day at the baseline, respectively. By applying the Levin
formula, smoking at the time of tuberculin testing accounted
for 32.4% (95% confidence interval 6.5–54.0) and 36.0% (5.6–
60.4) of the risks of active TB and culture-confirmed TB among
the cohort, respectively.

DISCUSSION
With the potential ethical concerns in conducting a random-
ised controlled experiment on human subjects, a prospective
cohort analysis is probably the best option to address the
relationship between smoking and TB. Even in high incidence
areas, the annual rate of TB among immunocompetent
individuals is usually just in the order of one in 1,000.
Therefore, it is necessary to follow-up a very large cohort to
get sufficient cases for analysis, and with this, critical details
about potential confounders are often incomplete or missing.
The present cohort involved a relatively homogeneous group
of male silicotic patients of Chinese ethnicity who were at a

TABLE 2 Predictors of positive tuberculin reaction (o10
mm) in multiple logistic regression analysis

Variable OR (95% CI) p-value

Smoking status 0.007

Never-smoker 1.00 (Ref.)

Ex-smoker 1.57 (0.80–3.08)

Current smoker 2.72 (1.37–5.40)

Regular alcohol use 2.72 (1.11–6.62) 0.028

BMI per unit change 1.08 (1.01–1.15) 0.032

Profusion of nodules per

grade

0.96 (0.64–1.41) 0.826

OR: odds ratio; CI: confidence interval; Ref.: reference; BMI: body mass index.

Only variables associated with positive tuberculin reaction at p,0.10 were

entered into multiple logistic regression. Hosmer and Lemeshow test, Chi-

squared510.71, p50.219. Area under receiver operating characteristic curve:

64.6% (58.8–70.4).

TABLE 3 Annual rates of active tuberculosis (TB) and culture-confirmed TB by smoking status among the whole cohort

Smoking status Subjects n Active TB Culture-confirmed TB

Cases n Rate# (95% CI) p-value Cases n Rate# (95% CI) p-value

Never-smoker 48 5 1841 (598–4297)

0.028

3 1105 (228–3229)

0.079Ex-smoker 170 19 2294 (1381–3582) 13 1570 (836–2684)

Current smoker 217 49 4181 (3093–5527) 33 2816 (1938–3954)

Total 435 73 3213 (2519–4040) 49 2157 (1596–2851)

CI: confidence interval. #: calculated over a population of 100,000.
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very high risk for developing TB (3% per annum, as shown in
table 3), and for whom detailed smoking history, tuberculin
testing results and other clinical information were available
under regular two-yearly compensation assessment. Therefore,
it offers a relatively unique opportunity to examine the
relationships between smoking, LTBI and TB.

In the present study, there was a high prevalence of LTBI as
measured by a tuberculin reaction o10 mm (table 1), similar
to what was previously reported among the silicotic patients in
Hong Kong [5, 16, 18]. Both current and ex-smokers were
associated with LTBI (table 1) and such association was
independent of alcohol intake, BMI and other background
variables (table 2). Never-smokers, ex-smokers and current
smokers were at different risks of TB (table 3). Current
smoking was consistently associated with higher rates of both
active TB and culture-confirmed TB, even after exclusion of
regular alcohol use or stratification by tuberculin status/
treatment of LTBI (table 4) and controlling for all relevant
confounding variables (table 5). The time elapsed after giving
up did not appear to affect the TB risk. A clear dose-response

effect was also observed in active TB and culture-confirmed TB
with the number of cigarettes smoked per day, again after
controlling for all relevant confounders (table 5, fig. 1). Past
cigarette pack-yrs showed only a suggestive but insignificant
effect on the development of TB (table 5). The independent and
dose-response relationship between current smoking and the
subsequent development of TB disease is consistent with the
authors’ previous observations in another prospective cohort
study [8]. In contrast with that study, none of the subjects had
past history of TB and much more information was available
regarding cigarette pack-yrs, time of giving up, tuberculin
status and treatment history for LTBI.

With the closer examination allowed in the present study,
there is further support of a causal link between smoking and
TB. There is an increased vulnerability of developing disease,
in addition to an increased risk of acquiring infection. For many
years smoking has been associated with changes in pulmonary
macrophages [19] and lymphocytes [20]. Pulmonary and upper
zone predominance of TB lesions in smokers has been reported
in a previous study [7]. More recent studies suggest that
nicotine [21], similar to vagus efferent discharge [22], inhibits
the release of tumour necrosis factor, which plays a key role in
the cellular defence against TB [23]. The overall evidences are
therefore in line with a direct airborne insult promoting the
risk of disease development.

Tuberculin test was used to measure the LTBI because the
specific interferon-release assays were not available locally at
the time of the study [24]. As BCG vaccination was only
introduced into Hong Kong in the 1950s [25] and the vast
majority of the present cohort was born well before that time,
BCG vaccination is unlikely to affect the interpretation of the
test excessively. Indeed, only 3.2% of the present cohort
showed a BCG vaccination scar and there was no significant
association between a BCG scar and a positive tuberculin
reaction.

The present study focused on a homogenous group of
ethnically Chinese male patients with silicosis. It would be

TABLE 4 Relative risks of active tuberculosis (TB) and
culture-confirmed TB between current smokers
and other silicotic patients

Current smokers versus

other#

RR (95% CI)

Active TB Culture-confirmed TB

Crude rates 1.92 (1.18–3.12) 1.94 (1.07–3.52)

Excluding regular drinkers 1.96 (1.18–3.27) 1.98 (1.07–3.68)

Stratified by TT/treatment" 1.87 (1.13–3.08) 1.90 (1.02–3.53)

RR: relative risk; CI: confidence interval; TT: tuberculin status. #: includes both

ex-smokers and never-smokers; ": Mantel–Haenszel analysis after stratification

into three groups: tuberculin-negative, tuberculin-positive with latent TB

infection treatment and tuberculin-positive without treatment.

TABLE 5 Adjusted hazard ratios (HR) of active tuberculosis (TB) and culture-confirmed TB with respect to smoking-related
variables

Factors HR# (95% CI)

Active TB p-value Culture-confirmed TB p-value

Current smokers versus other 1.96 (1.14–3.35) 0.015 2.13 (1.12–4.06) 0.021

Number currently smoked per day 0.011 0.002

,10 1.00 (Ref.) 1.00 (Ref.)

10-,20 1.89 (1.04–3.43) 2.46 (1.19–5.05)

o20 2.54 (1.28–5.03) 3.65 (1.63–8.16)

Cigarette pack-yrs 0.134 0.320

,20 1.00 (Ref.) 1.00 (Ref.)

20-,40 1.29 (0.75–2.23) 1.19 (0.61–2.31)

o40 1.96 (1.01–3.79) 1.83 (0.84–4.03)

CI: confidence interval; Ref.: reference. #: adjusted for age, past/current regular alcohol use, body mass index, presence of other comorbidities, bacille Calmette–Guérin

scar, tuberculin status/treatment of latent TB infection, principal job type, duration of silica dust exposure, profusion, size and shape of lung nodules, and progressive

massive fibrosis.
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ideal if it were indeed possible to examine a cohort involving
all age groups in the general population. However, tuberculin
test data are seldom available among other groups and their
relatively low disease incidences pose a genuine difficulty in
showing a difference between different smoking categories
using active disease as an end-point. Therefore, the current
cohort provides a possible window to examine the intricate
relationship between smoking, LTBI and active TB. While there
might be genuine concern that the findings might not
necessarily be transferable to a general population, the higher
risk of active TB in current smokers, as observed, is consistent
with the findings in a similar study among a larger cohort of
elderly subjects within the general community [8].

Incomplete case ascertainment is a major concern for prospec-
tive cohort analysis. As the cohort was under regular follow-up
for compensation purposes and attempts have also been made
to screen for missed cases through the territory-wide TB
notification registry, the number of such cases should be low.
In any case, incomplete case ascertainment, unless highly
selective, is unlikely to significantly affect the internal
comparison among different smoking categories. The vital
status of patients missing follow-up was also ascertained
through cross-matching with the territory-wide death registry.
A relatively long period of cessation for 1 yr was employed to
distinguish between current and ex-smokers and this would
have minimised the short-term fluctuations associated with
abortive smoking cessation attempts. The diagnosis of TB
could have been complicated by the progression of the
underlying silicotic process. As current smokers were more
likely to experience symptoms, this might increase the
possibility of over-diagnosis of bacteriologically negative TB.
However, the association persisted even if only culture-proven
cases were considered.

Although alcohol use is a well-known confounder [26, 27], its
prevalence was relatively low in the present cohort. Smoking
showed independent effect on LTBI and development of TB,
even after controlling for the effect of alcohol (tables 2, 4 and 5).

In the absence of detailed local data on dust exposure levels
for various jobs, only job type and duration of exposure
were used as proxy measures of dust exposure and disease
indices were also taken into account in the analysis. The
prevalence of LTBI was not associated with specific job types
(table 1) and the increased risk of current smokers persisted
after adjustment of all relevant background variables and
disease indices (table 5).

In the present study, one-third of the risk of tuberculosis
disease was attributable to current smoking, partly reflecting
the high smoking prevalence in the current cohort.
Tuberculosis is an important cause of morbidity and mortality
among silicotic patients [5] and both smoking and tuberculosis
are independently associated with lung function impairment
[28]. Smoking cessation is, therefore, expected to have major
impact on the quality of life for patients suffering from this
largely irreversible disease. Ageing of the population is also
increasingly observed in developing countries, many of which
still have a very high tuberculosis burden. In Hong Kong,
,40% of tuberculosis patients are o65 yr of age and males of
.80 yrs of age have an eight-fold higher tuberculosis risk than
the population average [15]. The interaction of smoking with
the huge latently infected pool in an ageing population is
therefore a serious concern. As endogenous reactivation
accounted for .70% of the tuberculosis risk in Hong Kong
[29], the use of directly observed treatment, short course alone,
is unlikely to be able to bring down the disease incidence
rapidly. With the high male and rising female smoking
prevalence in many parts of Asia, it would appear rational to
include smoking cessation as one of the armaments for
tuberculosis control.

ACKNOWLEDGEMENTS
The authors would like to express their sincere thanks to the
medical and nursing staff of the Pneumoconiosis Clinic (Hong
Kong, China) for assistance in data collection.

���

���

���

���

���

���

���

��	

��


� ���� ���� ���� ����
������������

�
��

�
��

��
��

��
��

��

FIGURE 1. Risk of active tuberculosis among silicotic patients by number of

cigarettes currently smoked per day after adjustment of other confounding

variables, as listed in table 5. ——: ,10 cigarettes?day-1; -----: 10–19 cigarettes?day-1;

???????: o20 cigarettes?day-1. Overall model: -2log likelihood 770.0, Chi-squared

44.74; p,0.001.

FIGURE 2. Risk of culture-confirmed tuberculosis among silicotic patients by

number of cigarettes currently smoked per day after adjustment of other

confounding variables, as listed in table 5. ——: ,10 cigarettes?day-1; -----: 10–

19 cigarettes?day-1; ???????: o20 cigarettes?day-1. Overall model: -2log likelihood

520.1, Chi-squared 41.02; p50.001.
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