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Abstract

Objectives—We assessed a worksite intervention designed to promote tobacco control among 

manufacturing workers in Greater Mumbai, India.

Methods—We used a cluster-randomized design to test an integrated health promotion/health 

protection intervention, which addressed changes at the management and worker levels. Between 

July 2012 and July 2013, we recruited 20 worksites on a rolling basis and randomly assigned them 

to intervention or delayed-intervention control conditions. The follow-up survey was conducted 

between December 2013 and November 2014.

Results—The difference in 30-day quit rates between intervention and control conditions was 

statistically significant for production workers (OR=2.25, P=0.03), although not for the overall 

sample (OR=1.70; P=0.12). The intervention resulted in a doubling of the 6-month cessation rates 
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among workers in the intervention worksites compared to those in the control, for production 

workers (OR=2.29; P=0.07) and for the overall sample (OR=1.81; P=0.13), but the difference did 

not reach statistical significance.

Conclusions—These findings demonstrate the potential impact of a tobacco control intervention 

that combined tobacco control and health protection programming within Indian manufacturing 

worksites.

Introduction

There is an urgent need for effective tobacco control initiatives in response to the rising 

global burden of tobacco, particularly in the developing world.12 The World Health 

Organization (WHO) predicts that of the more than 8 million people globally who are 

expected to die from tobacco-related causes by 2030, 80% will be from low- and middle-

income countries (LMICs).3 India faces particular challenges, given its population of 1.2 

billion and widespread use of multiple forms of tobacco, with overall prevalence rates of 

48% among men and 20% among women.4–6 In 2010, over 1 million Indians were expected 

to die from tobacco-related causes.78 Reflecting the pervasive use of smokeless forms of 

tobacco, India has one of the highest oral cancer rates in the world,910 still on the rise.11 

Although India was an early signatory to the Framework Convention on Tobacco Control 

and smoking is banned in public places such as enclosed worksites,12 enforcement 

mechanisms are weak, few resources are available to support tobacco use cessation, the 

prevalence of quitting remains low, and social norms rarely support quitting.4

Growing attention is being paid to these mounting global disparities in tobacco use.1314 The 

National Cancer Institute (NCI) recently formed its Center for Global Health aimed at 

reducing the global burden of cancer.15 In the U.S. and other high-income countries, 

employer initiatives have contributed to tobacco control. Such efforts are uncommon within 

India, although policy leaders and Indian employers alike are increasingly examining the 

implications of non-communicable diseases and risk-related behaviors such as tobacco use 

for productivity and economic growth.16–20

The WHO,21 the National Institute for Occupational Safety and Health (NIOSH),22 and 

others2324 have recommended new models for workplace interventions that aim to reduce 

hazards in the physical and psychosocial work environments while also providing support 

for individual behavior changes such as quitting tobacco use. This approach has been shown 

to be efficacious in promoting smoking cessation, particularly for blue-collar workers who 

face dual health risks because of their high rates of risk-related behaviors, such as tobacco 

use, and exposures to occupational hazards.25–27

We applied this approach in the Mumbai Worksite Tobacco Control Study, which tested the 

effectiveness of a worksite intervention in increasing tobacco use cessation among 

manufacturing workers. The purpose of this manuscript is to present findings related to the 

following hypotheses: (1) tobacco use cessation rates, defined as six-month continuous 

abstinence of all tobacco use (primary outcome) and 30-day abstinence (secondary 

outcome), will be significantly greater in intervention worksites compared to control 

worksites; and (2) improvements in tobacco use cessation rates in the intervention group 
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relative to the control group will be greater among production workers compared to 

managers and office workers.

Methods

This cluster randomized controlled trial (RCT) tested the effectiveness of the Healthy, Safe, 
and Tobacco-free Worksites intervention in increasing tobacco use cessation among workers. 

The worksite was the unit of intervention and randomization. This study was a collaboration 

among the Harvard T.H. Chan School of Public Health (HSPH), the Dana-Farber Cancer 

Institute, and New England Research Institutes in Boston, Massachusetts, and the Healis-

Sekhsaria Institute for Public Health in Mumbai. This study was approved by the Healis and 

HSPH Institutional Review Boards, as well as by the Indian Council of Medical Research, 

and has been registered with clinicaltrials.gov and the Clinical Trial Registry of India.

Study Population and Sample

We recruited 22 worksites to this study, two of which were included in a pilot test of the 

intervention. Twenty worksites were included in the full-scale RCT; ten were randomly 

assigned to intervention and ten to control. Worksite eligibility criteria included: (1) employ 

at least 200 production workers; this definition was expanded to include at least 60% of the 

workforce to be comprised of production workers; (2) be located in the Greater Mumbai 

area, including the Mumbai, Thane, or Raigad districts; (3) be involved in some type of 

manufacturing; and (4) be willing to provide a current employee roster as part of survey 

planning. Participating worksites agreed to be randomly assigned to the intervention or the 

delayed intervention control condition; participate in the intervention if assigned to the 

intervention condition; and participate in the planned data collection activities, regardless of 

assigned condition. Companies recruited to the study manufactured a range of products. We 

described the process of worksite recruitment in a prior manuscript.28 Of the 20 companies 

participating in the study at baseline, 17 participated in the final survey. One intervention 

and two control worksites dropped out of the follow-up survey, due to personnel changes 

(intervention site); competing priorities, including labor negotiations; and loss of interest 

related to dissatisfaction with being assigned to the control condition. The trial was 

otherwise completed as planned.

All workers were eligible to participate in the intervention. At each survey time point, we 

surveyed a census of permanent workers employed by the worksite, based on a roster 

provided by the company; to ensure that we included all employees, new workers not 

included on the roster were also surveyed.

Intervention conditions

Worksites were randomly assigned to the intervention or delayed intervention control 

condition on a rolling basis in blocks of four worksites, after each block of sites completed 

the baseline survey, by the biostatistician on Boston, with the India team blinded to the 

process.
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Delayed intervention Control group—Worksites randomized to this condition were 

offered two health education events: (1) between the baseline and follow-up surveys, one 

non-tobacco related health education event, either on HIV/AIDS or stress management, 

offered by a trained health educator; (2) after completion of the follow-up survey, one 

tobacco-related health education event (Table 1). In addition, we provided a program 

overview and educational materials to management at the completion of the intervention.

Intervention Group -- “The Healthy, Safe, and Tobacco-free Worksites 
Program”—The nine-month intervention addressed changes at the management and 

worker levels, and aimed to capitalize on and supplement existing efforts in occupational 

safety and health (OSH) (Table 1). The intervention was designed based on careful formative 

research, including pilot testing of a part of the intervention in two pilot worksites.

Interventions for management: Study staff provided consultation on adoption and 

implementation of a worksite tobacco control policy. All worksites were encouraged to 

implement a tobacco control policy; the consultation with management focused on 

compliance with legislation banning smoking in public places, and additionally encouraged 

expansion of policies to include prohibiting use of smokeless tobacco. As part of efforts to 

support OSH, a safety expert conducted an industrial hygiene walk-through to identify 

potential workplace hazards, and provided a brief consultation based on the report, 

recommending changes to reduce exposures.

Interventions for individual workers: The program targeted both tobacco users and non-

users, with the aim of providing support for quitting and building social norms around 

tobacco control. While all worksite employees were invited to participate in the program, it 

was specifically designed for the production workers who have higher rates of tobacco use. 

The intervention centered around six health education events for workers conducted by 

trained study health educators (Table 1). Each event was offered onsite during multiple 15 to 

20 minute sessions delivered during a single day at every intervention company. These 

health education events and corresponding materials were designed to increase workers’ 

understanding of the risks associated with tobacco use, their motivations to quit or help 

someone quit, and the skills and social support needed for cessation. The information was 

provided through discussions, audio-visuals, and participatory activities. The messages and 

materials additionally linked tobacco control with the work environment to enhance their 

salience and communicate messages about OSH.

Data collection

At baseline, prior to randomization, we surveyed workers in the 20 worksites on a rolling 

basis as worksites were recruited to the study (July 2012 – July 2013). Survey 

administration, conducted onsite in English, Hindi, and Marathi, included options for 

interviewer-and self-administered formats; we used highest education level attained as a 

proxy for literacy and offered those who completed grade 12 or higher the self-administered 

version, and those with less education were interviewed by a trained interviewer. The 

follow-up survey was conducted using the same methods in 17 of the 20 sites between 14 
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and 18 months post-completion of the baseline assessment (December 2013 – November 

2014).

In addition, we tracked implementation of the intervention protocol. For the management 

intervention, senior study staff responsible for this intervention completed process tracking 

forms for each meeting, including meeting attendees, total meeting time, and topics 

addressed. Health educators tracked the worker-level intervention; for each health education 

event, process tracking included the total number of participating workers, average time 

spent on each session with workers, whether or not specific topics or activities were 

implemented as per the protocol, and the number of materials displayed at each event.

Measures

Tobacco use and cessation were measured by self-report using standard items.29–31 Tobacco 

use status was assessed at baseline and final, and included assessment of current users of any 

tobacco, using separate items to assess smoking and use of smokeless tobacco. Tobacco use 

cessation was defined as cessation of using any tobacco product, measured among 

respondents to the follow-up survey who reported using tobacco in the last 18 months, to 

capture those using tobacco at the beginning of the intervention. Among these users, we 

defined six-month continuous cessation (primary outceom) as having quit using any tobacco 

in the past 18 months and not using any tobacco in last 6 months. In the same sample, thirty-

day tobacco quit status (secondary outcome) was defined as having quit using tobacco in the 

last 18 months and not using any tobacco in the last 30 days. No changes were made to trial 

outcomes.

Covariates—Socio-demographic characteristics were measured by self-report using 

standard items, including age, gender, tenure at worksite (less than one year vs. one year or 

more), economic wellbeing (ownership of refrigerator, vehicle, or neither), education, and 

marital status. We also assessed employee’s job title using information provided by the 

worksite; we coded job title as production or non-production based on employees’ 

department and job title provided by the employer.

Statistical methods

Initial power calculations were based on a planned recruitment of 20 worksites randomized 

into the two groups with an average of 72 tobacco users per worksite for a total sample size 

of 720 workers per group. Based on prior findings regarding quit rates among tobacco users 

in Mumbai,32 we assumed that 2% of users in the control group would quit using tobacco; 

also assuming a within worksite correlation of 0.05, this sample size provided 80% power to 

detect a quit rate of 9% in the intervention group as statistically significantly different from 

the control group rate at the 5% significance level.

We controlled for the clustering of workers in worksites in all analyses. Preliminary analysis 

assessed balance in the two conditions with respect to age, gender, occupation/position, 

worksite tenure, economic wellbeing, education, marital status, and tobacco use using mixed 

effect linear modeling methods, with intervention as a fixed effect and worksite as a random 

effect. For analysis of the intervention effect, we used mixed effect logistic regression 
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analysis of quit status on intervention group (fixed effect), controlling for worksite (random 

effect). We did not control for randomization block.

Results

Twenty manufacturing worksites that employed 7633 workers were recruited to the study on 

a rolling basis. A total of 6880 workers (90.1%) responded to the baseline survey. Three of 

the 20 worksites did not complete the study (1 intervention and 2 control). As per the 

protocol, all workers present on the day of the follow-up survey were invited to participate in 

the survey. Based on the number of workers included on the worksite rosters, at baseline, the 

estimated response rate in these 9 Intervention worksites was 89.6% (3362/3753), and in 8 

Control worksites, 91.2% (2776/3043). At follow-up, the number of workers in each 

worksite changed due to turnover as well as new workers joining the workforce; we did not, 

however, have access to updated numbers of total employees. A total of 3117 workers in the 

nine intervention worksites and 2976 workers in the eight control worksites participated in 

the follow-up survey. Among those completing the follow-up survey, 765 (24.5%) from the 

intervention worksites and 704 (23.7%) from control worksites reported they were tobacco 

users at the beginning of the intervention, and were included in the analysis of cessation. 

(See Figure 1.)

Sample Characteristics

Socio-demographic characteristics of workers in the two groups were comparable at 

baseline, with no statistically significant differences (data not shown). At baseline in the 20 

worksites, the tobacco use rates were 24.8% in intervention worksites and 20.0% in control 

worksites (p=0.44). We compared the baseline sample characteristics and tobacco use 

prevalence between worksites that completed the study and those that dropped out (data not 

shown); there were no significant differences in tobacco use prevalence (23.1% in worksites 

completing the study, 21.2% in the three that dropped out) and in most other co-variates; 

where differences were significant, the magnitude of the difference was small (e.g., workers 

in worksites completing the study were slightly older, somewhat more likely to be employed 

for more than a year, and somewhat more likely to be married compared to those in sites that 

dropped out). There were no differences in the socio-demographic characteristics of 

respondents to the follow-up survey between intervention and control worksites (see Table 

2).

Intervention delivery

Based on the analysis of the process tracking data, seven of the 10 intervention worksites 

implemented all six planned health education events; two worksites implemented two 

events, and one worksite did not conduct any event and dropped out of the study. For the 

intervention for managers, the tobacco policy consultation was implemented in all 10 

intervention worksites; one of the ten worksites refused the OSH consultation.

Tobacco use cessation

As shown in Table 3, the intervention resulted in a doubling of the 6-month cessation rates 

among workers in the intervention worksites compared to those in the control; this 
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difference in rates was not statistically significant for the overall sample (OR=1.81; p=0.13) 

or for production workers only (OR=2.29; p=0.07). The within-worksite correlation was 

0.10. The magnitude of the difference in 30 day quit rates between the two groups was 

comparable to the 6 month rates and was statistically significant for production workers 

(OR=2.25, p=0.03), although not for the sample overall (OR=1.70; p=0.12).

We computed a post-hoc analysis of the power to detect a between-group difference in this 

study, using the observed six-month cessation data. The within-worksite correlation for the 

resulting sample was 0.10 and the quit rate in the control group was 4.8%. Given these 

findings, the actual power of the study to detect the observed quit rate in the intervention 

group, 8.4%, as significantly different from that in the control group was 21%. The final 

sample size provided 80% power to detect a difference of 10 percentage points between the 

two groups.

Discussion

There is an increasing need for evidence-based interventions to address the rising public 

health epidemic related to tobacco use in LMICs. This study used a cluster-randomized 

design to test the efficacy of a worksite intervention designed to promote tobacco control 

among manufacturing workers in Mumbai. We hypothesized that the intervention would 

result in increased tobacco use cessation among workers, particularly production workers, in 

worksites randomly assigned to receive the intervention, compared to those in the control 

group. We found a doubling of quit rates between intervention and control worksites among 

production workers; this difference was statistically significant for 30-day quit rates but not 

for six-month sustained cessation.

To our knowledge, this is the first worksite tobacco control study in India using a rigorous 

randomized controlled design that has demonstrated the efficacy of a worksite intervention 

for workers’ tobacco use cessation. Nonetheless, there is an emerging literature exploring 

the potential of worksite approaches to reducing risks associated with non-communicable 

diseases (NCDs). For example, Prabhakaran and colleagues reported that a worksite 

intervention program to reduce cardiovascular disease (CVD) risk factors among employees 

of six industrial worksites was successful in reducing overall CVD risk, and reported 

significant reductions in mean body weight, waist circumference, blood pressure, serum 

cholesterol, and plasma glucose levels in the intervention group relative to the control.19 

Thakur and colleagues described the development and feasibility of a 12-month intervention 

in three industries to address the physical work environment, psychosocial work 

environment and promoting healthy behavior, with a particular focus on NCD risk factors. 

Others have used oral cancer screening for individual workers to promote cessation. 33–36 

This manuscript contributes to this emerging literature on the potential efficacy of workplace 

interventions designed to improve behaviors associated with NCD risk, such as tobacco 

control.

Nonetheless, we did encounter challenges in integrating this tobacco control intervention 

with occupational safety and health efforts. The health and wellbeing of production workers 

are significantly influenced by their exposures on the job, and the burden of these exposures 
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is on the rise in LMICs.37–39 Within the public health community, it is important that we 

take a comprehensive view of the factors influencing worker health, considering the duality 

of intersecting factors that shape health outcomes – including risk-related behaviors such as 

tobacco use as well as the potential for exposures to hazards on the job. This comprehensive 

approach necessitates the participation of multiple stakeholders, including business and 

labor leaders, policy makers who may be able to ensure implementation of legislation 

designed to protect and promote worker health, and the public health research and advocacy 

communities, whose voices can shape research and policy directions.

These findings may be limited because they rely on self-reported tobacco use. We took 

numerous precautions to minimize reporting bias, including use of anonymous surveys, use 

of separate intervention and survey staff, and informing workers that the results would only 

be communicated in the aggregate and that no personal information would be provided to 

their employer. Biochemical validation of cessation was not feasible in this population-based 

study conducted in a worksite setting in which the appearance of drug testing would be 

unwelcome; in addition, other reports in India have found that biochemical assessments may 

have low sensitivity in detecting use of smokeless tobacco, especially prevalent in this 

population.4041 In addition, because of the influx of new workers, the cessation rates include 

those workers who were only partially exposed to intervention, possibly diluting the final 

results. Also, we estimated our response rate at baseline using rosters provided by the 

worksites, which may have been incomplete; at follow-up, we were unable to calculate the 

response rate because we do not have adequate information about the accurate 

denominators.

This study was underpowered to detect the difference in six-month quit rates observed here. 

Our power was compromised by the loss of three sites, including one intervention site and 

two control sites. In addition, although we estimated the six-month quit rate in the 

intervention group accurately for our power calculations, we underestimated both the quit 

rate in the control group and the within-worksite correlation. With increasing awareness of 

the harms of tobacco use, tobacco use cessation is slowly increasing in India. Future studies 

in India will need to be powered to appropriately take into consideration an increasing rate 

of quitting likely to be observed as part of the secular trend. Also, although these results may 

have relevance beyond the Mumbai, we acknowledge that generalizability may be restricted 

to similar manufacturing worksites in this region.

This study used a rigorous randomized design, with worksites as the unit of intervention and 

randomization; the analyses controlled for the clustering of respondents within worksites. 

This study was implemented with manufacturing workers who face dual risks related to 

occupational hazards and are likely to have higher rates of tobacco use than white-collar 

workers. The intervention was designed to address tobacco control in a comprehensive 

manner, with the additional focus on occupational safety and health based on recent 

recommendations from WHO, NIOSH and others.21–24 This study demonstrates the 

feasibility and potential efficacy of implementing a tobacco control intervention in a 

challenging setting, requiring support from management as well as a committed team of 

health educators who traveled sometimes long distances to worksites and offered 
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intervention events across shifts to ensure broad access. Despite the challenges to 

implementation, the intervention was delivered as planned in a majority of sites.

In conclusion, this worksite intervention resulted in a doubling of tobacco use cessation 

among production workers, providing an innovative and effective response to the rising need 

for evidence-based tobacco control interventions in India. Few evidence-based approaches 

are currently available to inform the creation of an infrastructure to support tobacco use 

cessation. This randomized trial is of particular importance because it was effective in 

promoting tobacco use cessation among production workers, where prevalence rates are 

especially high. This study also points to the ongoing need to strengthen the occupational 

safety and health infrastructure within Indian worksites, which may provide a useful 

platform for broad-based initiatives to support workers’ safety and health, including through 

tobacco control. This study points to important next steps for future worksite interventions 

with important implications for policy-makers within India as well as more broadly in 

LMICs.
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What this paper adds

What is already known

• Blue-collar workers are more likely to use tobacco than white-collar workers, 

a disparity that is consistently observed in both high-income countries such as 

the U.S. and low- and middle income countries, such as India.

• Workplace interventions that integrate health promotion with occupational 

safety and health have been shown to increase tobacco use cessation rates for 

blue-collar workers in the U.S.

• With its large population and high prevalence of multiple forms of tobacco 

use, India represents an important case example of the need for interventions 

to redress disparities in tobacco use by occupation.

Important gaps

• There is a significant need to address the accelerating use of tobacco in low- 

and middle-income countries and to attend to disparities in tobacco use in 

these areas.

• Prevalence of quitting is low in India, and few supports are available for those 

wanting to quit.

• There is little evidence to inform worksite-based tobacco control interventions 

in low- and middle income countries, including in India.

What this study adds

• This worksite intervention resulted in a doubling of tobacco use cessation 

among production workers.

• As a result of this study, we now know that a worksite tobacco control 

intervention that builds on a company’s occupational safety and health 

infrastructure can successfully improve tobacco use cessation rates among 

production workers in Indian manufacturing worksites.
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Figure 1. 
Participant flow
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Table 1

Intervention components by condition

Program A (Intervention) - Healthy, Safe and Tobacco Free 
Worksites’ program Program B (Delayed Intervention Control)

Management Level • Program planning meetings

• Occupational safety and health (OSH) 
consultation with an expert

• Tobacco policy consultation with Senior Healis 
staff

• Program planning meeting

Worker Level • 6 tobacco health education events (HEEs), 
approximately 4–6 weeks apart in between 
baseline and follow-up assessments, conducted by 
a trained health educator focusing on the 
following topics:

– Kick-off (Introduction to the program)

– Awareness of risks related to tobacco 
use

– Motivating yourself and others to quit

– Steps to quitting and staying quit

– The multiple attempts it can take to 
quit, withdrawal symptoms, and how 
to stay quit

– Maintaining and celebrating being 
Healthy, Safe, and Tobacco-Free

• 1 non-tobacco related health 
education event (either HIV/AIDS or 
stress management) conducted by a 
trained health educator between 
baseline and follow-up assessments

• 1 tobacco-related health education 
event after the completion of the 
follow-up assessments
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Table 2

Participants characteristics by intervention group among participants in the final survey in the 9 intervention 

and 8 control worksites

Intervention among participants in follow-
up survey (N=3117)

Control among participants in follow-up 
survey (N=2976)

P value*

Age 37.4 (± 11.09) 36.9 (± 10.13) 0.92

Gender 0.70

 Male 2971 (95.3%) 2765 (92.9%)

 Female 146 (4.7%) 211 (7.1%)

Worker status 0.65

 Production workers 2348 (79.7%) 2312 (79.3%)

 Non Production workers 597 (20.3%) 602 (20.7%)

Tenure at worksite 0.97

 Less than 1 year 317 (10.2%) 348 (11.7%)

 1 year or more than 1 year 2788 (89.8%) 2623 (88.3%)

Economic wellbeing 0.651

 Both refrigerator and vehicle 1566 (50.6%) 1188 (40.3%)

 Either refrigerator or vehicle 759 (24.5%) 892 (30.3%)

 None 767 (24.8%) 867 (29.4%)

Education 0.392

 None – 6th standard 251 (8.1%) 251 (8.4%)

 7th – 10th standard 1013 (32.5%) 1090 (36.7%)

 12th standard or diploma 914 (29.4%) 925 (31.1%)

 graduation + 935 (30.0%) 705 (23.7%)

Marital status 0.47

 Currently married 2379 (76.4%) 2385 (80.3%)

 Currently not married 733 (23.6%) 585 (19.7%)

*
Adjusted for the clustering of workers in worksites.

1
Comparing none vs. all others

2
Comparing graduation + vs. all others
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Table 3

Tobacco use cessation by Intervention Group in the 9 intervention worksites and 8 control worksites 

completing the Follow-up Survey

Intervention Control OR 95% CL

Total workers: n=765* n=704*

 6M quitters 63 (8.2%) 34 (4.8%) 1.81 0.85 – 3.89

 30 day quitters 132 (17.3%) 78 (11.1%) 1.70 0.87 – 3.32

Production workers n=604 n=579

 6M quitters 49 (8.1%) 23 (4.0%) 2.29 0.93 – 5.65

 30 day quitters 109 (18.0%) 54 (9.3%) 2.25 1.07 – 4.70

Non-production workers n=124 n=114

 6M quitters 11 (8.9%) 11 (9.7%) 0.93 0.36 – 2.37

 30 day quitters 18 (14.5%) 23 (20.2%) 0.67 0.34 – 1.33

*
37 participants in Intervention group and 11 participants in Control group were missing for worker status.
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