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AbstrAct
Introduction Heavy alcohol consumption increases the 
risk of active tuberculosis (TB). However, the relation 
between lower levels of alcohol intake and TB risk remains 
unclear. We aimed to evaluate the association between 
alcohol intake and risk of active TB and assess whether 
the associations were modified by smoking status, which 
is another risk factor for active TB.
Methods The Singapore Chinese Health Study is a 
prospective cohort of 63 257 adults aged 45–74 years 
recruited from 1993 to 1998. Information on alcohol intake 
and smoking history was collected at recruitment. Active 
TB cases were identified via linkage with National TB 
Notification Registry.
results During a mean follow-up of 16.8 years, 1249 
incident cases of active TB were identified. Among non-
smokers, compared with total abstinence, participants 
who had monthly to weekly intake of alcohol had reduced 
TB risk (HR 0.70, 95% CI 0.55 to 0.89), but this reduction 
in risk with low-dose drinking was not observed among 
current smokers (HR 0.96, 95% CI 0.77 to 1.18; p for 
interaction=0.02). Comparatively, drinking 2+ drinks daily 
was associated with increased TB risk among current 
smokers (HR 1.51, 95% CI 1.11 to 2.05). This increased 
risk was not observed among non-smokers (HR 0.93, 
95% CI 0.49 to 1.77) and the interaction between alcohol 
intake and smoking status was of borderline significance 
(p for interaction=0.08). In joint effect, compared with 
those who neither smoked nor drank, the risk of active 
TB increased from 1.82 (95% CI 1.57 to 2.10) in current 
smokers who were non-drinkers to 3.16 (95% CI 2.35 to 
4.24) in current smokers who also drank 2+ drinks daily.
conclusion While low intake of alcohol may protect 
against active TB among non-smokers, drinking 2+ 
drinks daily could act synergistically with smoking to 
increase the risk of active TB in current smokers.

IntroductIon
Tuberculosis (TB) is caused by infection with 
Mycobacterium tuberculosis (Mtb) and is one of 
the leading causes of death worldwide from 
an infectious disease.1 It has been estimated 
that approximately 1.7 billion individuals 
in the world are latently infected with Mtb,2 
but most infected individuals carry the Mtb 
bacillus in a clinically dormant state with 

no signs of active disease.3 Reactivation of 
latent infection occurs in approximately 
10% of infected individuals,4 and the main-
tenance or reactivation of latent TB infection 
is dependent on the balance between host 
immune factors and bacillary growth.5 With 
the huge reservoir of latently infected individ-
uals with risk of disease reactivation, identifi-
cation of host factors that modulate the devel-
opment of active TB is essential to support 
the development of effective TB control strat-
egies in the population.

Heavy alcohol use or alcohol use disor-
ders have been reported by two meta-anal-
yses about a decade ago to be associated with 
approximately threefold increase in risk of 
developing active TB.6 7 Similarly, a recently 
published meta-analysis8 reported alcohol-re-
lated problems to be associated with about 
three times increase in risk of TB, while 
alcohol use (vs no alcohol use) was also asso-
ciated with increased TB risk, although with a 
smaller magnitude of effect (relative risk 1.35, 
95% CI 1.09 to 1.68).8 While chronic alcohol 
exposure has been found to impair immune 
responses and the control of mycobacterial 
infection in many experimental and clin-
ical studies,9–12 moderate intake of alcohol 
has also been reported to enhance immune 
responses in healthy adults13 14 and improve 
host control of mycobacterial infection in 
animal model.15 Hence, the relation between 
alcohol consumption and TB risk may be 
strongly dependent on the dose of exposure. 
Moderate consumption of alcohol has been 
extensively reported to protect against cardio-
vascular diseases,16 and dietary guidelines 
aimed to promote cardiovascular health have 
also included moderate alcohol intake as one 
of the components.17 18 However, the effect of 
moderate alcohol intake on the risk of devel-
oping active TB, the leading cause of infec-
tious disease mortality globally, has not been 
well examined. One of the meta-analyses6 had 
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examined the relation between low alcohol exposure, 
defined as less than 40 g/day alcohol and risk of active TB 
and they did not find a significant association. However, 
only four studies on low alcohol exposure were included 
in their analysis and these studies were either conducted 
among patients who were cured of TB or retrospective 
case-control studies in which alcohol consumption could 
already be influenced by the development of TB disease. 
The more recently published meta-analysis8 also reported 
that a low alcohol intake of ≤24 g/day was not found to 
be associated with TB risk (RR 1.07, 95% CI 0.93 to 1.22). 
The number of studies included in this analysis was also 
small (four studies), of which only two were prospective 
studies. Hence, with the small number of studies and 
wide range of alcohol intake levels encompassed within 
a single category for low alcohol exposure in these 
meta-analyses,6 8 the prospective association between 
lower intake levels of alcohol and the risk of active TB 
warrants further detailed investigations.

Furthermore, the examination of the alcohol-TB asso-
ciation in some of these studies19 20 did not control for 
smoking status, which is a strong risk factor for active 
TB.21 It is recognised that smoking and alcohol drinking 
are highly correlated lifestyle factors, independent of 
geography and race-ethnicity.22 23 Thus, the relation 
between alcohol intake and TB risk could potentially be 
confounded by smoking status. In addition, both human 
and animal studies have shown that alcohol drinking and 
tobacco smoking could have potential synergistic effect 
due to the generation of common metabolites harmful to 
health.24 25 Hence, the effect of alcohol on TB risk could 
be different between smokers and non-smokers.

Our main aim in this study was to investigate the asso-
ciation between alcohol intake and the risk of active 
TB in the Singapore Chinese Health Study (SCHS), a 
prospective population-based cohort of middle-aged to 
elderly adults in Singapore. Participants of this cohort 
went through periods when TB was highly prevalent 
in the country a few decades ago and those who had 
acquired latent TB infection in those early years would 
be at risk of disease reactivation at advanced age.26 To 
avoid confounding by smoking status, we studied the 
association separately among smokers and non-smokers 
in the stratified analysis. We also wanted to examine if the 
effect of alcohol could be different by smoking status in 
the stratified analysis to suggest that the alcohol-TB risk 
association may be modified by smoking.

Methods
study population
The SCHS is a population-based cohort of 63 257 Chinese 
adults aged 45–74 years recruited between April 1993 and 
December 1998.27 Participants were restricted to citizens 
or permanent residents of Singapore residing in govern-
ment housing estates and they belonged to the two major 
dialect groups of Chinese in Singapore—the Hokkiens 
who originated from the southern part of Fujian Province 

and the Cantonese who came from the central region of 
Guangdong Province.

exposure assessment
An in-person interview was conducted at the participant’s 
home during recruitment and a structured questionnaire 
was used to collect information such as the participant's 
demographics, smoking history, height and weight and 
history of physician-diagnosed medical conditions such 
as diabetes and cancer. The body mass index (BMI) of 
the participant was calculated by dividing their weight in 
kilograms by height in metres squared. A 165-item semi-
quantitative food-frequency questionnaire specifically 
developed for this study population was used to assess the 
usual diet, including alcohol intake, of the participant 
over the past year.

We asked about the frequency and usual serving size 
for the intake of four different types of alcohol, that is, 
beer, wine, Chinese and Western hard liquor, in separate 
questions. For each type of alcohol, participants were 
asked to choose the response for their intake frequency 
from eight categories (never or hardly, once a month, 2–3 
times a month, once a week, 2–3 times a week, 4–6 times 
a week, once a day and two or more times a day) and 
the usual serving size from four categories. The options 
for the serving size for beer included one small bottle 
(375 mL) or less, two small bottles or one large bottle 
(750 mL), two large bottles and three large bottles or 
more. For wine, the serving sizes were one glass (118 mL) 
or less, two, three and four glasses or more. For Chinese 
or Western hard liquor, the serving sizes were one shot 
(30 mL) or less, two, three and four shots or more. In 
our analysis, we defined one alcoholic drink as 375 mL 
of beer, 118 mL of wine and 30 mL of western or Chinese 
hard liquor. For each participant, the number of drinks 
consumed per day was computed from the product of 
the reported intake frequency and usual serving size. 
The smoking history of the participants was assessed by 
first asking whether they had ever smoked at least one 
cigarette a day for 1 year or longer. The response cate-
gories were ‘No’, ‘Yes, but I quit smoking’ and ‘Yes, 
and I currently smoke’ and these were used to classify 
the participants as never, former and current smokers, 
respectively. Former and current smokers also answered 
questions about their years of regular smoking (9, 10–19, 
20–29, 30–39 and 40+), number of cigarettes smoked per 
day (1–6, 7–12, 13–22, 23–32, 33–42 and 43+) and, for 
former smokers, years since smoking cessation (<1, 1–2, 
3–4, 5–9, 10–14, 15–19 and 20+).

case ascertainment and follow-up
Cases of active TB among all participants of the cohort 
study were identified via linkage analysis of the cohort 
database with all records of the National TB Notification 
Registry28 up to 31 December 2014. The notification 
of TB cases in the country is mandatory by law and all 
suspected and confirmed TB cases have to be notified to 
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the Ministry of Health within 72 hours of starting TB treat-
ment and/or laboratory-confirmed results. All patients 
with culture-positive TB in Singapore also are captured 
comprehensively in the National TB Notification Registry 
via electronic linkage with the two mycobacterial labora-
tories in Singapore.28 The vital status of the cohort partic-
ipants was updated on an annual basis through record 
linkage analysis with all records of the Singapore Registry 
of Births and Deaths up to 31 December 2014. Cumula-
tively only 52 participants were known to be lost to the 
follow-up mainly due to migration out of Singapore.

statistical analysis
Participants with a history of active TB before recruit-
ment (n=3012), as recorded in the National TB Notifi-
cation Registry, were excluded from the analysis. Base-
line characteristics of participants who developed TB 
and those who remained free of TB at the end of the 
study were compared using Χ2 test for categorical varia-
bles and Student’s t-test for continuous variables. Person-
years of follow-up for each participant were calculated 
from date of recruitment to date of diagnosis of active 
TB, death, lost-to-follow-up or 31 December 2014, which-
ever occurred earlier. We first examined alcohol intake 
and cigarette smoking in relation to TB risk in the whole 
study population before examining the alcohol-TB asso-
ciation with stratification by smoking status. Cox propor-
tional hazards regression models were used to examine 
the relation between cigarette smoking and alcohol 
drinking and risk of developing active TB, with adjust-
ments for factors that have been shown to affect TB risk 
in the literature or in our cohort.29–33 The categorisation 
of alcohol intake and cigarette smoking variables in the 
Cox models was based on cut-off values that were logical 
and convenient, that is, non-drinkers, monthly to weekly 
drinkers, daily drinkers of 1 drink/day and daily drinkers 
of 2+ drinks/day. Participants in the ‘non-drinkers’ cate-
gory were those who reported intake of less than one 
drink per month. The proportional hazards assumption 
of the Cox models was assessed by including a time-de-
pendent covariate for the variable in the model and there 
was no violation of the assumption (all p Values>0.44). 
The strength of a given association was measured by the 
HR and its corresponding 95% CIs. The models were 
adjusted for age at recruitment (years), year of baseline 
interview (1993–1995, 1996–1998), gender, dialect group 
(Hokkien, Cantonese), level of education (no formal 
education, primary school, secondary school or higher), 
BMI (kg/m2), total energy intake (kcal/day), baseline 
history of diabetes (yes, no), tea intake (none, monthly, 
weekly, daily), energy-adjusted daily intake of protein, 
cholesterol, marine omega-3, omega-6 fatty acids, vitamin 
A and vitamin C (quartiles), alcohol intake (none, 
monthly, weekly, daily one drink/day, daily 2+ drinks/
day) and smoking status (never, former, current). The 
highest level of education received by the study partic-
ipant was our surrogate for socioeconomic status. We 

did not observe significant differences between men and 
women for the association between smoking status (p 
for interaction >0.11) or alcohol intake categories (p for 
interaction >0.16) with TB risk. Furthermore, although 
most results were not statistically significant due to very 
small sample sizes for women who smoked or drank 
alcohol daily, the overall direction of the associations for 
drinking and smoking for women were similar to those 
for men (data not shown). Hence, the results for both 
genders were combined and presented with adjustment 
for gender in the statistical models.

To investigate the interaction between drinking and 
smoking in affecting active TB risk, we also examined 
the association between alcohol intake and TB risk with 
stratification by current smoking status (current smokers 
or non-smokers). Since former smokers were not found 
to have significant increased risk of active TB compared 
with never smokers, never and former smokers were 
combined into a single category of non-smokers in the 
stratified analyses. As the number of cigarettes smoked 
per day (≤6, 7–12, 13–22, 23–32, 33–42, 43+) and years 
of smoking (≤19 years, 20–39 years, 40+years) among 
current smokers were found to be significantly associ-
ated with TB risk, these variables were also included in 
the same statistical model when we examined the alco-
hol-TB associations among current smokers. The hetero-
geneity of the associations by smoking status was tested by 
including an interaction term (product between alcohol 
intake categories and current smoking status) in the Cox 
model. Restricted cubic spline regression with four knots 
was used to test for non-linearity in the alcohol-TB asso-
ciations by converting intake frequencies into average 
number of drinks/day as the exposure variable. The joint 
effect of alcohol intake and cigarette smoking was also 
examined by using participants who neither smoked nor 
drank as the reference group.

Analyses were conducted using SAS V.9.3 (SAS, Cary, 
North Carolina, USA) statistical software package 
except for the restricted cubic spline analysis, which was 
performed using Stata V.13 (Stata, College Station, Texas, 
USA). All the p Values quoted were two-sided and p<0.05 
was considered statistically significant.

results
During a mean follow-up of 16.8 (SD 5.2) years, 1249 
incident cases of active TB were identified in our cohort. 
The incidence rates of TB within this cohort, adjusted 
to the age structure of the whole cohort, were 224 per 
100 000 person-years in men and 55 per 100 000 person-
years in women. The mean age at TB diagnosis was 68.7 
(SD 9.1) years. Compared with participants who did not 
develop active TB at the end of the study, TB cases were 
older and more likely to be men. They were also more 
likely to have ever smoked and have a lower BMI and 
history of diabetes at recruitment (see online supple-
mentary table 1). TB cases also reported higher daily 
energy intake, but lower daily energy-adjusted intake of 
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protein, marine omega-3 and omega-6 fatty acids, vitamin 
A and vitamin C (see online supplementary table 1). The 
majority (81.4%) of the cohort were non-drinkers of 
alcohol, defined as intake of less than one drink/month, 
while 7.2%, 8.0% and 3.4% of the cohort were monthly, 
weekly and daily drinkers, respectively. About 80.9% of 
the alcohol consumed in our cohort were from beer. Only 
0.91% of our study participants reported alcohol intake 
of at least 40 g/day, which was the cut-off used to define 
heavy alcohol use in the meta-analysis.6 About 15.4% of 
non-drinkers in our cohort were current smokers while 
53.1% of daily alcohol drinkers were current smokers. 
The percentage of daily alcohol drinkers among 
current smokers (9.5%) was also higher than among 
non-smokers (1.9%) (table 1). Overall, those who drank 
alcohol at least monthly were more likely to be men and 
have higher total energy intake (table 1). Daily alcohol 
drinkers had the lowest BMI and also the lowest ener-
gy-adjusted intakes of protein, marine omega-3, omega-6 
fatty acids, vitamin A and vitamin C compared with other 
categories of less frequent drinkers. The prevalence of 
diabetes was highest among non-drinkers (table 1).

Compared with never smokers, current smokers 
had higher risk of active TB (HR 2.07, 95% CI 1.80 to 
2.39) but there was no significant increase in TB risk 
among former smokers (HR 1.08, 95% CI 0.89 to 1.30) 
(table 2). The risk of active TB among current smokers 
was also significantly higher when compared with former 
smokers (HR 1.90, 95% CI 1.58 to 2.27). When we 
included both never and former smokers as a single cate-
gory of non-smokers, current smokers had significantly 
increased risk of developing active TB (HR 2.02, 95% CI 
1.78 to 2.30). Among current smokers, the risk of active 
TB increased with increasing intensity and duration of 
cigarette smoking (p for trend <0.001) (table 2). Exam-
ination of TB risk among former smokers by the number 
of years they had quit smoking suggested that the risk 
of active TB decreased substantially within 2 years of 
smoking cessation (table 2).

When we examined the relation between alcohol 
intake and TB risk in the whole cohort, monthly to weekly 
drinkers had reduced risk (HR 0.83, 95% CI 0.71 to 0.97), 
while daily drinkers with 2+ drinks/day had higher risk 
of active TB (HR 1.45, 05% CI 1.11 to 1.90) compared 
with non-drinkers (table 2). The association between 
alcohol intake and TB risk was also examined separately 
in non-smokers (combined never and former smokers 
together) and current smokers. Among non-smokers, 
risk of TB was significantly reduced for those who had 
monthly to weekly consumption of alcoholic drinks (HR 
0.70, 95% CI 0.55 to 0.89) compared with non-drinkers. 
However, such reduction in risk of TB with low level of 
alcohol consumption was not observed among current 
smokers (HR 0.96, 95% CI 0.77 to 1.18; p for interac-
tion=0.02). In contrast, the consumption of 2 or more 
drinks daily was significantly associated with increased 
risk of active TB for current smokers (HR 1.51, 95% CI 
1.11 to 2.05) but not for non-smokers (HR 0.93, 95% CI 

0.49 to 1.77) and the interaction between alcohol intake 
and smoking status was of borderline significance (p for 
interaction=0.08) (table 3).

We examined the joint effects of alcohol and cigarette 
use on risk of active TB. Compared with those who were 
neither current smokers nor drinkers of alcohol, the 
lowest risk was observed among non-smokers with monthly 
to weekly alcohol intake (HR 0.68, 95% CI 0.54 to 0.86) 
(table 4). Conversely, the HRs (95% CIs) of active TB 
increased to 1.82 (1.57 to 2.10) for current smokers who 
were non-drinkers and to 3.16 (2.35 to 4.24) for current 
smokers consuming 2 or more drinks/day (table 4).

We tested if the non-linearity in the association between 
average daily intake of alcoholic drinks and risk of active 
TB was significant by using the restricted cubic spline 
regression analysis with four knots. Among non-smokers, 
compared with non-drinkers, a J-shape relationship 
was observed; the risk of TB was significantly reduced 
between drinking at least once a month to less than daily, 
with the risk being lowest at intake about 1 drink/week 
(average of 0.13 drinks/day) and increasing toward null 
with higher intake (figure 1). The non-linearity in the 
association was statistically significant for non-smokers 
(p for non-linearity=0.008). In contrast, there was no 
evidence of a significant non-linear association between 
alcohol intake and TB risk for current smokers (p for 
non-linearity=0.52). Among current smokers, intake 
beyond approximately 2 drinks/day was associated with 
significantly increased risk of active TB compared with 
non-drinkers (figure 1).

Some subjects might have undiagnosed or unnoticed 
TB at the time of recruitment, which could affect the 
use of cigarettes and alcohol. To minimise the potential 
confounding effect of health and subclinical disease 
on the observed association, we repeated all analyses 
after excluding all deaths and TB cases that occurred 
within the first 2 years as well as the observed person-
years of all participants during the first 2 years of 
follow-up. The results of these analyses on this reduced 
dataset were very similar to those based on the entire 
cohort. Compared with non-drinkers, HRs (95% CIs) 
of developing active TB were 0.72 (0.56 to 0.93) for 
those with monthly to weekly consumption of alcoholic 
beverage among non-smokers and 1.48 (1.06–2.06) for 
those consuming 2 or more drinks/day among current 
smokers.

Among 39 528 participants contacted for a follow-up 
interview between 2006 and 2010, an average of 12.7 
years after the baseline interview, 80.1% retained their 
drinking status as none, monthly, weekly or daily drinkers. 
Sensitivity analyses have been performed by examining 
the alcohol-TB associations only among participants who 
did not change their drinking status and we still observed 
similar trends in the results. Among non-smokers, the 
HR (95% CI) for monthly to weekly drinkers was 0.47 
(0.22 to 1.00) compared with non-drinkers and among 
smokers the HR (95% CI) for those with 2+ drinks/day 
was 1.46 (0.76 to 2.82).
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dIscussIon
In our prospective cohort of middle-aged and elderly 
Chinese adults, low-dose intake of alcohol ranging from 
monthly to weekly was found to be associated with reduced 
risk of developing active TB compared with non-drinking, 
but this observation was only confined to non-smokers. 
Among current smokers, however, the consumption of 
2 or more drinks daily significantly increased TB risk, 
but this increase in risk was not present in non-smokers. 
Examination of the joint effect of alcohol drinking and 

cigarette smoking showed that in comparison to indi-
viduals who were neither drinkers nor current smokers, 
daily intake of 2 or more drinks acted synergistically with 
smoking to increase the risk in current smokers, while 
non-smokers with less than 1 drink /day had the lowest 
risk of TB.

The strengths of our study include the prospective 
study design which allowed us to establish the tempo-
rality of the associations, large sample size, long duration 
of follow-up and negligible loss to follow-up. The large 

Table 2 HR and 95% CI for alcohol intake and cigarette smoking at baseline in relation to risk of developing active 
tuberculosis, the Singapore Chinese Health Study 1993–2014

Cases Person-years HR (95% CI)*

Alcohol intake

  Non-drinkers 944 824 265 1.00

  Monthly to weekly 208 156 871 0.83 (0.71 to 0.97)

  1 drink/day 30 13 996 1.06 (0.73 to 1.53)

  2+ drinks/day 67 17 558 1.45 (1.11 to 1.90)

Smoking status

  Never smokers 534 741 538 1.00

  Former smokers 175 98 290 1.08 (0.89 to 1.30)

  Current smokers 540 172 861 2.07 (1.80 to 2.39)

Years of cigarette smoking among current smokers

  Never smokers 534 741 538 1.00

  ≤19 years 16 9951 1.76 (1.06 to 2.90)

  20–39 years 252 100 335 2.02 (1.70 to 2.40)

  40+ years 272 62 576 2.11 (1.77 to 2.51)

  p Value for trend† <0.001

Number of cigarettes/day among current smokers

  Never smokers 534 741 538 1.00

  ≤6 55 27 451 1.57 (1.18 to 2.09)

  7–12 132 44 931 1.97 (1.61 to 2.42)

  13–22 236 70 387 2.19 (1.84 to 2.61)

  23–32 60 16 107 2.22 (1.67 to 2.95)

  33–42 38 9806 2.46 (1.75 to 3.48)

  43+ 19 4179 2.79 (1.74 to 4.48)

  p Value for trend† <0.001

Years of smoking cessation among former smokers

  Never smokers 534 741 538 1.00

  10+ years 93 53 851 1.04 (0.82 to 1.31)

  3–9 years 54 28 002 1.17 (0.88 to 1.56)

  ≤2 years 19 9140 1.24 (0.77 to 2.00)

  Current smokers 540 172 861 2.07 (1.80 to 2.38)

  p Value for trend† <0.001

*Adjusted for age at recruitment (years), year of baseline interview (1993–1995, 1996–1998), gender, dialect group (Hokkien, Cantonese), 
level of education (no formal education, primary school, secondary school or higher), body mass index (kg/m2), total energy intake (kcal/day), 
baseline history of diabetes (yes, no), tea intake (none, monthly, weekly, daily), energy-adjusted daily intake of protein, cholesterol, marine 
omega-3, omega-6 fatty acids, vitamin A and vitamin C (quartiles), alcohol intake (none, monthly, weekly, daily 1 drink/day, daily 2+ drinks/
day) and smoking status (never, former, current).
†p for linear trend tested by treating factor as continuous variable.
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proportion of our study population with low to moderate 
levels of alcohol intake also enabled us to have a close 
examination of the relationship between lower levels 
of alcohol intake and TB risk. The ascertainment of 
active TB cases via linkage with the nationwide registry 
was virtually complete as the notification of TB cases is 
mandatory by law in Singapore. Even though Singapore 
currently has an intermediate TB incidence rate of about 
40 per 100 000 population, our study population consists 
of older residents who likely resided in the country when 
TB incidence was as high as 300 per 100 000 population 
many decades ago.34 Hence, many of our participants 
could have acquired latent infection during those early 
years when TB was far more rampant26 and this makes 
our cohort suitable to study factors associated with reac-
tivation of latent TB. We have previously reported how 
dietary factors such as lipids, vitamins and tea modulated 
the risk of active TB in this cohort.31–33 Hence, in this 
study that focused on the effect of alcohol consumption 
on active TB risk, we had included all these previously 
described factors as covariates in the model. Further-
more, since cigarette smoking is an established and 
strong risk factor of active TB and we had previously 
described the differential effects of vitamin C intake on 
the risk of active TB among smokers and non-smokers,32 
we also examined for possible differential effects of 

alcohol consumption by smoking status in this study. We 
were also able to adjust for other factors which could be 
potential confounders in our analysis.29 30

Nevertheless, our study also has limitations which 
include assessment of the use of alcohol intake and 
smoking habits only at baseline. These factors could 
change over time. But as data were collected prospec-
tively before the onset of disease, any subsequent 
changes would likely lead to non-differential misclassi-
fication and potential underestimation of the associa-
tions. As mentioned above, among 39 528 participants 
contacted for a follow-up interview between 2006 and 
2010, an average of 12.7 years after the baseline interview, 
80.1% retained their drinking status as none, monthly, 
weekly or daily drinkers. This advocates the stability of 
alcohol drinking behaviour in our study population. 
Further sensitivity analysis was performed by repeating 
the analysis among participants who did not change 
their drinking status at follow-up and the results for the 
alcohol-TB associations remained materially similar. We 
also did not know whether some of the participants in 
the ‘non-drinkers’ category could have been previous 
long-term alcohol consumers who had stopped drinking 
due to the development of health conditions. However, 
given the relatively low prevalence of drinking in this 
population, we do not expect this to be a major issue. 

Table 3 HR and 95% CI for alcohol intake at baseline in relation to risk of developing active tuberculosis, stratified by 
smoking status, the Singapore Chinese Health Study 1993–2014

Alcohol intake

Non-current smokers
(n=48 869)

Current smokers
(n=11 376) p Value for 

interaction†Cases HR (95% CI)* Cases HR (95% CI)*

Non-drinkers 607 1.00 337 1.00

Monthly to weekly 84 0.70 (0.55 to 0.89) 124 0.96 (0.77 to 1.18) 0.02

1 drink/day 8 0.78 (0.39 to 1.58) 22 1.25 (0.81 to 1.93) 0.28

2+ drinks/day 10 0.93 (0.49 to 1.77) 57 1.51 (1.11 to 2.05) 0.08

*Adjusted for age at recruitment (years), year of baseline interview (1993–1995, 1996–1998), gender, dialect group (Hokkien, Cantonese), 
level of education (no formal education, primary school, secondary school or higher), body mass index (kg/m2), total energy intake (kcal/day), 
baseline history of diabetes (yes, no), tea intake (none, monthly, weekly, daily) and energy-adjusted daily intake of protein, cholesterol, marine 
omega-3, omega-6 fatty acids, vitamin A and vitamin C (quartiles), smoking status (never, former, current), cigarettes per day (non-current 
smokers, ≤6, 7–12, 13–22, 23–32, 33–42, 43+), years of smoking (non-current smokers, ≤19 years, 20–39 years, 40+ years).
†p for interaction was derived from the product term of smoking status and alcohol intake categories.

Table 4 HR and 95% CI for joint effect of alcohol intake and cigarette smoking status in relation to risk of developing active 
tuberculosis, the Singapore Chinese Health Study 1993–2014

Alcohol intake

Non-current smokers Current smokers

Cases HR (95% CI)* Cases HR (95% CI)*

Non-drinkers 607 1.00 337 1.82 (1.57 to 2.10)

Monthly to weekly 84 0.68 (0.54 to 0.86) 124 1.81 (1.47 to 2.22)

1 drink/day 8 0.79 (0.39 to 1.59) 22 2.31 (1.50 to 3.56)

2+ drinks/day 10 0.87 (0.46 to 1.64) 57 3.16 (2.35 to 4.24)

*Adjusted for age at recruitment (years), year of baseline interview (1993 to 1995, 1996 to 1998), gender, dialect group (Hokkien, Cantonese), 
level of education (no formal education, primary school, secondary school or higher), body mass index (kg/m2), total energy intake (kcal/day), 
baseline history of diabetes (yes, no), tea intake (none, monthly, weekly, daily) and energy-adjusted daily intake of protein, cholesterol, marine 
omega-3, omega-6 fatty acids, vitamin A and vitamin C (quartiles).
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Further, similar results were obtained with the exclusion 
of participants with less than 2 years of follow-up. We did 
not have information on use of immunosuppressant, 
but the use of systemic immunosuppressant that is suffi-
cient to affect TB risk is unlikely to be high in a popu-
lation-based cohort. The status of HIV infection among 
the participants is also not known, but with a very low 
prevalence (1278 per million population) of this condi-
tion in Singapore,34 any confounding effect from not 
adjusting for HIV status in this cohort is likely to have 
negligible impact on the observed associations. We also 
did not know whether the participants had close contact 
with patients with TB. However, alcohol intake is unlikely 
to be different between contacts and non-contacts of 
patients with TB and hence not likely to be an important 
confounder in our analysis. As this study was conducted 
in a population with low alcohol intake, the results may 
not be generalised to other populations with higher 
alcohol intake. The small number of cases in some of 
the subgroups in our analysis could also affect the gener-
alisability of our results. Finally, as in any observational 
studies, there could still be residual confounding effect 
of unknown or unmeasured factors on our observed 
association.

The present study showed that cigarette smoking 
was significantly associated with approximately twofold 
increased risk of TB, consistent with the results from 
a previous meta-analysis which included 13 studies.21 
Among current smokers, TB risk increased with smoking 
intensity and duration in a dose-dependent manner, 

further supporting a possible etiological role of smoking 
in the reactivation of latent TB. In this study, individuals 
who had quit smoking for more than 2 years before enrol-
ment experienced similar risk as never smokers and this 
is consistent with findings from other studies that suggest 
smoking cessation to have quick improvement on airway 
inflammation, respiratory symptoms and bronchial 
hyper-responsiveness and preventing excessive decline in 
lung function.35 However, whether such improvements 
could be linked to the progression of TB disease remains 
to be determined.

Although heavy alcohol use or alcohol use disorder 
has been established to be a risk factor for active TB,6–8 
few epidemiological studies have examined lower levels 
of alcohol intake in relation to TB risk. To our knowl-
edge, the association between low levels of alcohol 
intake and risk of active TB has never been examined 
prospectively in a population-based cohort and we are 
the first study to report the finding that a low-dose 
alcohol consumption (monthly to weekly) may reduce 
the risk of developing active TB, especially for never 
and former smokers. Low to moderate dose alcohol 
consumption has been reported to be beneficial to both 
the innate and adaptive immune system9 36 37 and an 
experimental study has shown that while a high dose of 
ethanol led to diminished immune responses, low dose 
of ethanol can improve host response to mycobacterial 
infection.15 Hence, the effect of alcohol intake on the 
immune system may strongly depend on the amount of 
alcohol consumed. In support of this hypothesis, the 

Figure 1 Association between average daily intake of alcoholic drinks and risk of active tuberculosis using restricted cubic 
spline regression with four knots*. *Adjusted for age at recruitment (years), year of baseline interview (1993–1995, 1996–1998), 
gender, dialect group (Hokkien, Cantonese), level of education (no formal education, primary school, secondary school 
or higher), body mass index (kg/m2), total energy intake (kcal/day), baseline history of diabetes (yes, no), tea intake (none, 
monthly, weekly, daily) and energy-adjusted daily intake of protein, cholesterol, marine omega-3, omega-6 fatty acids, vitamin 
A and vitamin C (quartiles), smoking status (never, former, current), cigarettes per day (non-current, ≤6, 7–12, 13–22, 23–32, 
33–42, 43+), years of smoking (non-current smokers, ≤19 years, 20–39 years, 40+ years).
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beneficial effects of low-dose alcohol on TB risk dimin-
ished with higher level of drinking among non-smokers 
in our study.

Furthermore, significant increased risk of active TB 
was also observed in current smokers and heavy drinkers 
of at least 2 drinks a day, suggesting a synergistic effect 
between smoking and alcohol in relation to TB disease. 
Oxidative metabolism of ethanol leads to the formation 
of acetaldehyde and/or reactive oxygen species, and 
oxidative stress and suppressed immunity associated with 
chronic alcohol consumption have been suggested as 
underlying mechanisms for the increased risk of devel-
oping pulmonary infection and alcoholic lung diseases.38 
Acetaldehyde is also a constituent of tobacco smoke39 
and the potential synergistic effect of alcohol drinking 
and tobacco smoking has been shown in a study in which 
the increase in salivary acetaldehyde concentrations after 
ethanol consumption was markedly higher in smokers 
with active smoking compared with non-smokers.24 
Oxidative stress-induced lipid peroxidation in the lungs 
as a result of ethanol metabolism or cigarette smoke expo-
sure can also lead to the formation of malondialdehyde. 
While smoking and alcohol alone can elevate both acet-
aldehyde and malondialdehyde levels, an experimental 
study conducted using mouse models has found that only 
the combined exposure of smoke and alcohol led to the 
formation of malondialdehyde-acetaldehyde adducts,25 
which are very stable protein adducts capable of inducing 
proinflammatory response in the lungs.40 Hence, coex-
posure of alcohol and cigarette smoke could potentially 
augment lung injury via malondialdehyde-acetaldehyde 
adduct formation and this could explain the synergistic 
effect between drinking and smoking in elevating the risk 
of active TB in our study.

With approximately 40% of the worldwide popu-
lation estimated to be current drinkers,41 our find-
ings have huge public health implications. There has 
been extensive literature on the benefits of moderate 
alcohol consumption in reducing the risk of cardiovas-
cular diseases,16 and moderate alcohol intake (1.5–2.5 
drinks/day for men and 0.5–1.5 drinks/day for women) 
has been increasingly promoted as part of a healthy 
diet to promote cardiovascular health.17 18 In our study, 
we have found the dose beneficial for reducing the risk 
of active TB to be less than one drink a day and only 
among non-smokers and this level of alcohol intake is 
lower than the level of alcohol intake recommended 
for cardioprotective effects. Hence the level of alcohol 
consumption recommended for optimum cardiovas-
cular health may not apply to individuals with regard 
to their risk of developing active TB, especially current 
smokers. Moreover, while we report a protective associ-
ation between low levels of alcohol intake in reducing 
the risk of active TB, further evidence is needed to vali-
date our novel findings.

conclusIon
In conclusion, we observed low-dose intake of alcohol to 
be beneficial to never and former smokers in reducing the 
risk of developing active TB whereas high-dose of alcohol 
intake could be detrimental and act synergistically with 
exposure to cigarette smoke in increasing the risk of TB 
development. It is imperative for further studies to validate 
these findings before low levels of alcohol intake can be 
promoted as a strategy to reduce the risk of developing 
active TB among infected individuals.
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