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Abstract

There is growing evidence that tobacco smoking is an important risk factor for tuberculosis (TB).
There are no data validating the accuracy of self-reported smoking in TB patients and limited data
about the prevalence of smoking in TB patients from high-burden settings.

We performed a cross-sectional analysis of 500 patients with suspected TB in Cape Town, South
Africa. All underwent comprehensive diagnostic testing. The accuracy of their self-reported
smoking status was determined against serum cotinine levels.

Of the 424 patients included in the study, 56 and 60% of those with active and latent TB infection
(LTBI), respectively, were current smokers. Using plasma cotinine as a reference standard, the
sensitivity of self-reported smoking was 89%. No statistically significant association could be
found between smoking and active TB or LTBI.

In Cape Town, the prevalence of smoking among patients with suspected and confirmed TB was
much higher than in the general South African population. Self-reporting is an accurate measure of
smoking status. These results suggest the need to actively incorporate tobacco cessation
programmes into TB services in South Africa.
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Tuberculosis (TB) is one of the most important infectious diseases in the world in terms of
morbidity and mortality. In 2008, the number of deaths due to TB was estimated at 1.8
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million by the World Health Organization (WHO) [1]. In 2008, an estimated 0.48 million
new cases occurred in South Africa and, currently, the country ranks third after India and
China in terms of total number of annual incident cases of TB [1]. Significantly, ~20% of
patients treated for TB in South Africa have had previous TB [2].

Another important global health concern is tobacco smoking. Smoking is extremely
common, with approximately one-third of the population aged > 15 yrs smoking tobacco
[3]. It is also one of the most important risk factors for human disease and one of the most
frequent causes of death in the world. WHO estimates that tobacco smoking is currently
responsible for the death of one in 10 adults worldwide, or of 5 million deaths each year [4].
The tobacco epidemic is evolving alarmingly fast. Although smoking rates have decreased in
developed countries over the last part of the 20th century, rates have increased significantly
in developing countries [5]. Curently, 82% of smokers live in low-and middle-income
countries [3, 6]. In 2003, 35% of males and 10% of females smoked daily or occasionally in
South Africa [7].

The epidemics of tobacco smoking and TB are colliding and there is increasing evidence
that smoking is an important risk factor for TB infection, disease and mortality [8-10].
Recently, LONNROTH and RAVIGLIONE [11] computed the population attributable risk
(PAR) for several risk factors in 22 high TB-burden countries and estimated that active
smoking is responsible for 23% of the TB incidence. Therefore, smoking would account for
more TB cases than HIV infection, for which the TB PAR is 19%.

Although there is a significant association between smoking and TB, there are several
confounders in data interpretation, including reporting bias, /.e. the reliability of self-
reported smoking status. Moreover, data from Africa are limited and how HIV infection
interacts with smoking to modulate TB risk is unclear. Furthermore, little is known about the
association between smoking and recurrent TB. We therefore performed a study to: 1)
estimate the prevalence of tobacco smoking in patients with suspected TB in Cape Town,
South Africa; 2) measure the sensitivity and specificity of their self-reported smoking status
among these patients using plasma cotinine as the reference standard; 3) evaluate the
association of smoking with latent TB infection (LTBI), active TB and recurrent TB; and 4)
evaluate how HIV modulates these parameters.

METHODS

Source of data

Cross-sectional data from a cohort of 500 males and females with suspected TB and
prospectively recruited in three clinics in Cape Town, were analysed. The cohort was
recruited to study the utility and accuracy of several new TB diagnostic tests in a high TB
and HIV incidence setting.

Study population

To qualify as a patient with suspected TB, individuals aged = 18 yrs had to present with at
least one of the following symptoms: persistent cough (>2 weeks), night sweats, coughing
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up sputum, persistent fever (>2 weeks), unintentional weight loss, being bedridden/unable to
walk or loss of appetite.

Measurement of exposure to tobacco smoking

After informed consent was obtained, all patients completed standardised interviewer-
administered questionnaires by one of two trained registered nurses. Four questions
pertained to smoking: 1) self-reported current smoking status (Current cigarette smoker?
Yes/No); 2) self-reported previous smoking status (Previous cigarette smoker? Yes/No); 3)
number of cigarettes smoked per day; and 4) age at which the participant started or quit
smoking, if relevant. Current smokers were defined as patients who reported that they were
current cigarette smokers. Ever-smokers were defined as patients who reported being either
current or previous smokers. Plasma cotinine levels were used to validate the information
gathered with the questionnaire. Cotinine measurement was performed by ELISA (Cotinine
Direct ELISA Kit CO096D; Calbiotech, Spring Valley, CA, USA) on frozen plasma samples
stored at —80°C and thawed immediately before the test. A cut-off of 15 ng-mL~1 was used
to determine smoking status, based on the recommendations of the Society for Research on
Nicotine and Tobacco [12]. Three technicians, blinded to the self-reported tobacco status and
final TB diagnosis, performed the tests.

Measurement of TB outcomes

All patients underwent extensive diagnostic testing to determine their TB status, which
included sputum smear acid-fast bacilli (AFB) microscopy (on expectorated as well as
induced sputum), sputum mycobacterial culture and interferon-y release assays (IGRAs) for
TB infection (QuantiFERONg TB Gold; Cellestis Ltd, Carnegie, Australia; and T-
SPOT®.TB; Oxford Immunotec, Oxford, UK), chest radiograph (evaluated by two
independent radiologists) and HIV test (if the patient was not known to be HIV infected).
Patients were classified into five possible outcomes of the spectrum of TB infection and
disease. 1) “No LTBI and no TB”: negative IGRA results, chest radiographs showing no sign
of previous or active TB disease, and negative smear and culture results; 2) “LTBI”: positive
results for at least one IGRA, chest radiographs may or may not show sign of previous TB
but no sign of active TB, negative smear and culture results; 3) “Inactive TB”: negative
IGRA results, chest radiographs showing signs of previous TB, and negative smear and
culture results (this differs from LTBI where changes of previous TB are accompanied by a
positive IGRA); 4) “Active TB”: chest radiographs showing signs of active TB and/or
positive smear results and/or positive culture results; and 5) “Unable to classify”: if patients
could not be classified into one of the other groups due to missing data.

Statistical analysis

Participants who failed to provide information on their current smoking habit and those for
whom plasma samples were not available at the time of cotinine concentration testing were
excluded from the analysis. The prevalence of smoking in the study population was
estimated with exact 95% confidence intervals (ClIs). The prevalence of self-reported
current, past and ever-smoking was estimated for the whole study population, for
participants with a history of TB and for each group in the TB spectrum. Three types of
smoking measures were used: high levels of plasma cotinine, self-reported current smoking
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and self-reported ever-smoking (current and previous smokers). Sensitivity and specificity of
self-reported current smoking was computed with 95% Cls with the level of plasma cotinine
as the reference standard and using a 15 ng-mL™1 cutoff. The presence of an association
between smoking and TB infection or disease was explored using logistic regression models,
using either cotinine levels or self-reported ever-smoking as the exposure. Data analyses
were performed using STATA version 11 (StataCorp., College Station, TX, USA) and
OpenEpi version 2.3 (www.OpenEpi.com).

Study population

A total of 500 patients with suspected TB were recruited in the principal study. Of these, 76
patients were excluded from the current analysis as a result of the absence of information on
their smoking status; thus, the study population consisted of 424 patients with suspected TB.

The sociodemographic and medical characteristics of the study population (n=424) were
compared with those of the excluded patients with suspected TB (n=76) and no significant
difference between the two groups was found. Patients with and without a history of
previous TB were also compared this way. Most characteristics were very similar in both
groups, but more patients with no history of previous TB were younger and more likely to be
females, abuse alcohol and receive a salary than patients with a history of previous TB. The
information on baseline characteristics of the included patients with suspected TB is
summarised in table 1.

The mean age (range) of the study population was 39.5 (18-82) yrs. The study population
was predominantly male (67%) and black African (71%). Approximately one-third of
participants were HIV infected (28%) and another third (36%) reported having previously
suffered from TB.

Self-reported smoking characteristics among patients with suspected TB

On average, current smokers smoked 10 cigarettes-day~1 for 21.5 yrs (median 19 yrs,
translating into a 11.9 pack-yr smoking history). Ex-smokers smoked, on average, 12
cigarettes-day~1 (12.7 pack-yrs) and had quit an average 7.3 yrs prior to enrolment. These
characteristics did not vary significantly across the TB outcomes. However, females on
average smoked less and started or quit more recently than males.

A total of 153 subjects reported having already suffered from active TB before they were
recruited in the study. Because smoking is considered to be a risk factor for TB, smoking
habits were evaluated among patients with a history of past TB. The majority (65%) were
current smokers and 17% had previously quit smoking. Moreover, significantly more
patients with a history of previous TB were current or ever-smokers than patients with no
history of past TB (p<0.05). Among HIV-positive and HIV-negative patients, the prevalence
of smoking was similar in those with or without a history of previous TB.
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Smoking prevalence across the spectrum of TB infection and disease

Figure 1 shows the distribution of self-reported smokers in the study population. As outlined
in table 2, among patients with suspected TB, 5% had no TB infection or disease, 20% had
LTBI, 4% had inactive TB, and 67% had active TB. Smoking prevalence was generally high
across all groups of the spectrum; thus, no pattern could be identified. Using self-report, the
prevalence of current smokers was 60% in those with presumed LTBI and 56% in active TB
patients. Overall, 29% of previous smokers (19 subjects) reported having quit smoking
within 12 months of being recruited in the study. Of these recent quitters, 74% had active TB
and 53% had smear-positive TB. The prevalence of smoking by TB outcomes is further
broken down in table 3 by sex and HIV status. Overall, the proportion of females smoking
was lower than that of males, especially in the LTBI and active TB groups.

Validation of self-reported smoking status with cotinine levels

Association

The prevalence of current smoking was estimated at 54% (95% CI 49-58%) by plasma
cotinine and 57% (95% CI 52-61%) by self-report (difference not statistically significant).
The sensitivity and specificity of self-reported smoking was 89% (95% CI 84-93%) and
81% (95% CI 75-86%) respectively, using plasma cotinine as a reference standard.

Because of the high number of recent quitters in the active TB group, the self-reported
smoking status of that group was also validated with cotinine levels. In active TB patients
only, the sensitivity was 89% (95% CI 83-94%) and the specificity was 78% (95% CI 70-
84%).

between smoking and latent, active or recurrent TB

After adjusting for the potential confounding factors, no statistically significant association
could be found between LTBI or active TB and confirmatory cotinine levels, or between
LTBI or active TB and self-reported “‘ever-smoking’ as shown in tables 4 and 5. Stratification
by sex and HIV status did not alter the results (table 5). A stratified analysis of LTBI versus
no LTBI could not be performed due to the small number of subjects.

A total of 113 patients with a history of previous TB were diagnosed with active TB and
were therefore considered to have recurrent TB. When a logistic regression was performed
to evaluate the association between smoking and recurrent TB, no measure of effect was
found to be statistically significant.

DISCUSSION

The key findings of this study were: 1) the very high rates of smoking (56%) in patients with
active TB in Cape Town; 2) self-report is an accurate measure of smoking status among
subjects with suspected TB given that only ~10% of subjects with high plasma cotinine
concentration denied smoking; 3) the rates of smoking in those with LTBI, as defined by
quantitative T-cell assay readouts, was high (60%); and 4) rates of smoking did not differ by
HIV status and was equally high in HIV-positive patients.

The prevalence of self-reported current smoking in the study population was 57%, which is
very high in comparison with the 2003 estimate for the South African population [13].
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Moreover, the prevalences of smoking of 63% in males and 44% in females observed in this
study are much higher than the 35 and 10%, respectively, estimated in the general population
[7]. This was surprising, since the majority of the study population was black Africans.
Black South Africans have the lowest rate of smoking in South Africa (23%) compared with
mixed ancestry people (49%) [14]. More importantly, irrespective of the measure of
smoking used, the prevalence of smoking was very high, and remained so across the
spectrum of TB diagnoses (active TB, LTBI and when these categories were stratified by
HIV status). These data suggest that the South African National TB Programme (NTP) and
the NTPs of other African governments, given the associated increased mortality in smokers
with TB, should introduce policies and interventional measures to curb smoking among TB
and TB-HIV co-infected patients. These measures should be integrated with TB-HIV control
programmes together with improved case-finding strategies, infection control, isoniazid
chemoprophylaxis, DOTS, and improved access to anti-tuberculous drugs and improved
diagnostics. Simple smoking cessation interventions are possible in resource-poor settings in
Africa [15]. In Indonesia [16] and Kerala (India) [17], the majority of TB patients quit
smoking during their TB treatment, although relapse rates were high. Controlled trials are
now required to assess the impact of such interventions on smoking rates and TB outcomes.

It has been argued that published studies highlighting the association between smoking and
TB are confounded by several limitations, including reporting bias [18]. However, our
findings are reassuring in that self-reporting is an accurate method of data collection when
measured against plasma cotinine as the reference standard, at least in a South African
setting. The error margin of self-reporting as a measure of smoking is also useful when
planning and analysing existing and future TB-smoking-related studies in Africa.

Only 11% of smokers failed to disclose their status when cotinine levels were elevated,
presumably due to shyness or discomfort. However, it is possible that this number may be
even smaller, as the cotinine reference standard may have overestimated the number of true
smokers. This may have been due to detection of passive smoking (second-hand smoke) in
nonsmokers [18]. Participants in this study come from resource-poor backgrounds where
there is overcrowding and poor ventilation in small informal dwellings and in congregate
community settings. Thus, the effect of passive smoking may be greatly enhanced
accounting for appreciable detection of cotinine in nonsmokers. Although less common,
another possible source of overestimation defined by the reference standard could be
tobacco-chewing or nicotine replacement therapy, since the test detects cotinine in the
plasma regardless of its source [18, 19]. By contrast, 19% of subjects reported being
smokers when plasma cotinine was in the normal range. This could have been due to
information bias related to stigmatisation of TB. Thus, participants could have falsely
reported their status so as to attribute their symptoms to smoking rather than TB. An
alternative explanation is related to the half-life of cotinine in blood, which is about 18-20 h
and, thus, smokers who did not smoke for >48 h may have been missed and erroneously
classified as nonsmokers [20-22]. This hypothesis is in agreement with the results obtained
by CARABALLO et al. [23], who postulated that observed discrepancies in self-report and
cotinine levels could be due to occasional smokers. A further alternative explanation is
protopathic bias or ‘sick quitter bias’, wherein a worsening of health status may cause a
change in behaviour [24]. It is well known that when smokers start experiencing respiratory
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symptoms they tend to quit [25]. Hence, subjects with suspected TB may have quit smoking
shortly before attending the clinic but still reported they were current smokers. Indeed, 14
out of the 19 patients with suspected TB quit smoking <1yr before being recruited.

A very high proportion of active TB cases were diagnosed in this cohort (67%). Participants
were recruited because they presented the signs and symptoms of active TB, explaining the
high number of active cases.

In contrast to several studies, we failed to find an association between smoking and active
TB [8-10, 26-33]. In our study, the association between cotinine levels/self-reported ‘ever-
smoking’ and TB could have been obscured by the differential effect of several co-factors,
including malnutrition, alcohol abuse, poverty, overcrowding, strain type and transmission
dynamics, that led to very high rates of TB in nonsmokers. Furthermore, ‘sick quitter bias’
could have contributed to this effect by under-estimating the true smoking rates in TB
patients when cotinine levels were used to measure smoking. However, this should not have
confounded the association between “ever smoking” and TB. Thus, the absence of a
statistically significant association between smoking and TB cannot be interpreted as
evidence against the hypothesis of a relationship. For similar reasons, in contrast with other
studies [8-10, 26-33], we found no relationship between smoking and LTBI. This is the first
study to comprehensively evaluate the relationship between standardised quantitative T-cell
responses and smoking. The effect of defining LTBI by T-cell assay responses, rather than
by the tuberculin skin test, on the association remains unclear.

Our study has several limitations, including potential mis-classification of exposure due to
self-report. The use of cotinine concentration has its own limitations, including the detection
of tobacco chewers and patients using NRT, and failure to detect those who had not smoked
for >48 h. The effect of used freeze—thawed samples is unclear but is thought to be minimal
[34]. The questionnaire used contained no information on other forms of tobacco intake and
limited the self-reported smoking information available in the database. In addition, having
only four questions on smoking may have failed to capture the behaviour in a comprehensive
way. However, for practical reasons, we preferred to keep the time taken for capture of
information as short as possible so as not to compromise our capacity to recruit patients for
the diagnostic component of the study. Since smoking can induce coughing, the prevalence
of smoking found in this study might have been influenced by the selection of participants,
given that the presence of a persistent cough was part of the inclusion criteria. Finally, the
results we report may only be generalised to South Africa. Nevertheless, they provide
valuable information for the development of policies in South Africa and other high HIV
prevalence settings.

In summary, our findings indicate high rates of smoking in patients with LTBI and active TB
and that self-report is a reliable tool to estimate the incidence of smoking within a
community. NTPs in South Africa and other high-burden settings should include
investigation of smoking behaviour and offer smoking cessation interventions in the
integrated TB-HIV clinic setting. Such programmes could also be beneficial in preventing
many other smoking-related conditions. Such an approach would not only result in
important health benefits, but also in considerable financial gains [6].
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TB suspects

Never-smokers
n=118

Prevalence of never smoking
27.8% (95% CI 23.7-32.2%)

No LTBI/TB (n=4, 3.4%)

LTBI (n=21, 17.8%)

Inactive TB (n=8, 6.8%)

TB (n=80, 67.8%)

Unable to classify (n=5, 4.2%)

n=424
|
| |
Ever-smokers
n=306
Prevalence of ever smoking
72.2% (95% CI 67.8-76.3%)
| I
Current smokers Ex-smokers
n=240 n=66
| [
Prevalence of current smoking Prevalence of ex-smoking
56.6% (95% Cl 51.8-61.3) 15.6% (95% Cl 12.4-19.2)
No LTBI/TB (n=14, 5.8%) No LTBI/TB (n=4, 6.1%)
LTBI (n=52, 21.7%) LTBI (n=13, 19.7%)
Inactive TB (n=5, 2.1%) Inactive TB (n=3, 4.5%)
TB (n=160, 66.7%) TB (n=46, 69.7%)
Unable to classify (n=9, 3.7%) Unable to classify (n=0, 0.0%)

FIGURE 1.

Prevalence of smoking among patients with suspected tuberculosis (TB). LTBI: latent TB

infection.
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TABLE 1

Sociodemographic characteristics of patients with suspected tuberculosis (TB) included in the analysis and
stratified by history of previous TB

Characteristic Included  Nohistory of past TB  History of past TB  p-value
Patientswith suspected TB 424 (100) 271 (63.9) 153 (36.1)
Ageyrs 0.000
Mean = SD 395+125 37.6+12.7 429+114
Median 38
Sex 0.034
Male 286 (67) 173 (64) 113 (74)
Alcohol abuse 0.001
Yes 146 (34) 79 (29) 67 (44)
No 263 (62) 185 (68) 78 (51)
Missing 15 (4) 7(3) 8 (5)
Salary# 0.002
Yes 173 (41) 124 (46) 49 (32)
No 200 (47) 112 (41) 88 (58)
Missing 51 (12) 35 (13) 16 (10)
Race 0.590
White 9(2) 6(2) 3(2)
Mixed ancestry 115 (27) 69 (26) 46 (30)
Black 300 (71) 196 (72) 104 (68)
HIV 0.404
Positive 119 (28) 75 (28) 44 (29)
Negative 254 (60) 159 (59) 95 (62)
Refused 48 (11) 34 (12) 14 (9)
Missing 3(1) 3(1) 0 (0)
Median CD4 count/n 189
Diabetes 0.365
Yes 9(2) 702 2(1)
No 368 (87) 232 (86) 136 (89)
Missing 47 (11) 32 (12) 15 (10)
Healthcare wor ker 0.638
Yes 4(1) 3(1) 1(1)
No 418 (98) 266 (98) 152 (99)
Missing 2(1) 2(1) 0 (0)
Mine/quarry worker 0.541
Yes 42 (10) 25 (9) 17 (11)
No 381 (90) 245 (90) 136 (89)
Missing 1(0.2) 1(0.4) 0(0)

Data are presented as n (%), unless otherwise stated.

# . .
: Subjects were asked whether or not they receive regular salary;

Eur Respir J. Author manuscript; available in PMC 2017 June 02.



1duosnuepy Joyiny 1duosnue Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

Brunet et al.

:n=114.
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TABLE 4

Association between latent tuberculosis (TB) infection (LTBI) and two measures of smoking

LTBI versusno LTBI/TB#  Unadjusted OR (95% Cl)  agjustedT OR (95% CI)

Catininelevels

<15 ng-mL™! 1.0 (ref.) 1.0 (ref.)

>15ng-mL™! 0.83 (0.30-2.25) 0.64 (0.14-2.79)
Self-reported smoking

Never 1.0 (ref.) 1.0 (ref.)

Ever 0.69 (0.21-2.26) 0.59 (0.08-4.40)

Ref.: reference value.
#: LTBI (n=86) and no LTBI/TB (n=22);

”: adjusted for age, sex, alcohol abuse and socioeconomic and HIV status.
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