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Abstract
Background: Recently, harm reduction programs have been used to reduce mortality and morbidity among smokers. The main objective 

of this study was to evaluate the effect of harm reduction programs on the smoking patterns of subjects who presented to a smoking cessa-
tion clinic in Tehran, Iran.

Methods: This observational study was conducted between September 2008 – September 2009 on 132 patients who were unable to quit 
smoking. Patients were enrolled by the rst come rst service method. During the study period, subjects were assigned to either group or 
individual visits every 15 days in conjunction with the use of nicotine gum. The main objective of this study was to evaluate at the third and 
sixth months of follow-up: the number of smoked cigarettes, level of expired carbon monoxide (CO), and numbers of nicotine gum used. Data 
were analyzed by the Wilcoxon rank, Fisher's exact, and Pearson's chi-square tests and SPSS version 17 software.

Results: A total of 87.1% of the subjects were males. We noted decreases in the number of cigarettes smoked daily and the level of expired 
CO, whereas the amount of nicotine gum used signi cantly increased during the time interval between the rst session and the third and sixth 
month follow-up visits (p <0.001  for all variables). During the follow up sessions, 64.4% of subjects reduced the number of cigarettes they 
smoked daily by at least 50% and 12.9% of subjects quit smoking. 

Conclusion: Behavioral and pharmacological therapy in harm reduction programs result in a decrease in the number of cigarettes smoked 
daily and a reduction in the amount of expired CO. Therefore, these methods can be bene cial in achieving complete smoking cessation. 
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Introduction

T obacco smoking is among the most common preventable 
causes of death worldwide. According to a report by the 
World Health Organization (WHO), the smoking-related 

death toll will reach 8 million by the year 2030,1 half of which will 
occur in developing countries.2 There are more than one billion 
smokers globally.3 In 2006, Iran became a member of the Frame-
work Convention on Tobacco Control (FCTC) and legalized to-
bacco control. A primary action to reach the goal of tobacco control 
is to evaluate and acquire baseline information on the issues ad-
dressed in FCTC. Prior to FCTC, in 2005 the Islamic Republic has 
banned tobacco consumption in public places and subsequently 
passed a law (article 13) to penalize and ne those who disobey. 
Based on a report by the Ministry of Health and Medical Education 
in Iran, 24.1% of men and 4.3% of women (15-64 years old) are 
smokers.4

Smoking is the cause of at least 85% of lung cancers, chronic 

bronchitis, and emphysema.5 The World Bank estimates the annual 
expenses of smoking-related diseases in the United States to be 
more than 200 million dollars, which is more than the pro t from 
sales by multinational tobacco companies.6

Smoking is preventable. During the past decades there have 
been remarkable improvements in nicotine-dependence treatment. 
These behavioral and pharmacological therapies have increased 
the rate of 6-month abstinence to about 2 – 3 times.7 Following 
the effective steps taken by the US Tobacco Prevention and Con-
trol Center, the US smoking rate decreased from 42.4% in 1965 
to 24.1% in 1998.8 However, many smokers who quit smoking 
relapse and others may never attempt to quit. In a study by the 
Smoking Cessation Clinic af liated with the Tobacco Prevention 
and Control Research Center in Iran, 87.5% of participants who 
smoked quit tobacco smoking at the end of the rst month of the 
study. In the mentioned study, 23.4% of participants relapsed dur-
ing the rst month, 40.7% during the third month, 47.2% during 
the sixth month, and 52.4% during the rst year following absti-
nence.9 Thus, the number of smokers resistant to treatment seemed 
to increase over time.10

Finding new techniques for quitting smoking may be helpful in 
lling the gap between what the smoker hopes to accomplish and 

what he is capable of, since most smokers have repeatedly attempt-
ed to quit but with no success.11

Harm reduction methods focus on reducing the harmful effects 
of tobacco products, rather than emphasizing nicotine withdrawal 
syndrome.12 These methods are designed to establish a temporary 
reduction in the number of cigarettes smoked by those who are un-
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able to quit completely.13,14

Nicotine replacement drugs contain small amounts of nicotine 
which is gradually released and somehow prevents cigarette crav-
ing.15 Use of these nicotine-containing products for a long time is 
not harmful and it is de nitely superior to smoking cigarettes.16,17

Considering the prevalence of smoking, large number of ex-
smokers who relapse, and limited number of smoking cessation 
interventions in Iran, the present study has sought to determine if 
prolonged smoking cessation programs in which nicotine replace-
ment products used by current smokers helped to decrease daily 
cigarette consumption and exhaled carbon monoxide (CO). This 
study was conducted to assess the ef cacy of harm reduction pro-
grams for smoking cessation clinic patients. The main objectives 
of this study were to evaluate: i) the number of cigarettes smoked 
per day, ii) exhaled CO levels, and iii) number of nicotine gums 
used per day.

Materials and Methods
 
Study design
This pre-post design interventional study was conducted at an 

inner-city smoking cessation clinic with approximately 1000 par-
ticipants between September 2008 and September 2009 in Tehran, 
Iran. 

Sample selection
The Tobacco Prevention and Control Research Center’s Smok-

ing Cessation Clinic was considered as the main setting for sample 
selection. The inclusion criteria were: participants who had previ-
ously attended smoking cessation programs in this center, those 
who were unsuccessful in quitting smoking or relapsed after quit-
ting, and those willing to participate in this study who offered their 

Variables Numbers Percent

Sex (male) 115 87.1

Age:
Males (years)
Females (years)

37.3±10.7*
40.7±12.2*

_
_

Education
Illiterate and primary
Guidance and high school
Diploma and higher

10
31
91

7.5
23.5
68.8

Social class
Clerical or non-manual skilled
Manual skilled
Unskilled or semiskilled

65
47
20

49.2
35.6
15.2

Tenure
Owner occupied
Rent/other

69
63

52.3
47.7

Marital status
Married
Single
Widowed, divorced or other

85
35
12

64.4
26.5
9.1

* = Mean±standard deviation

Table 1. Baseline socio-demographic characteristics of participants. 
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Figure 1. Mean number of cigarettes smoked and number of nicotine gums used per day from 
baseline to 6-month follow up. Differences were all statically signi cant (p < 0.001).

Mean
Mean



Archives of Iranian Medicine, Volume 15, Number 5, May 2012 285

consent. The exclusion criteria were the inability to actively par-
ticipate in the study or not having enrolled in a smoking cessation 
program. A total of 132 patients were enrolled.

Data collection 
A questionnaire was designed according to International Union 

Against Tuberculosis and Lung Diseases (IUATLD) and WHO-
structured questionnaires, pilot tested, and revised. The rst two 
sections of the questionnaire were self-administered, whereas the 
third section was completed by counselors during the smoking ces-
sation course. The questionnaire included demographic data, histo-
ry, and pattern of smoking. Before beginning the course, in order to 
assess nicotine use, the Fagerström Test for Nicotine Dependence 
(FTND) was performed.

The social status of the participants was determined based on the 
Registrar General Model of Social Classes, and participants were 
classi ed into 6 groups.18

The numbers of cigarettes smoked daily and consumed nicotine 
gums were recorded at every visit. 

There is no or little doubt about the reliability of the responses on 
questionnaires administered in the rst visit of smoking cessation 
clinics, however many smokers mispronounce their situation dur-
ing follow-up sessions.19 In studying nicotine replacement thera-
pies such as nicotine gum, cotinine cannot be used as a marker of 
cigarette abstinence, because cotinine is a metabolite of nicotine. 
Accordingly, cotinine’s rst use for veri cation of self reports of 
abstinence during treatment is limited to non-nicotine containing 
medications.20,21 

Since the determination of breath CO levels is noninvasive, in-
expensive, and yields immediate results, it is the method of choice 
in research and clinical practice.22 In this study, CO level was 
measured using a hand-held portable CO monitor (Bedfont Micro 
Smokerlyser, Kent, England) that had previously been shown to 
be effective in validating the participants’ self-reports regarding 
smoking status.23,24

CO has a 3 – 6 hour half-life, which depends on the level of ex-
ercise and environmental CO. Previous studies have shown that 
smoking within the past 24 hours generally results in elevated 
breath CO levels which are above the normal physiological range. 
However, this could depend on both the quantity of cigarettes 
smoked and the last time a cigarette was smoked.25 One study has 

shown a strong, statistically signi cant relationship between level 
of reported smoking during the past 24 hours and breath CO lev-
els.22

Although presumed unsuitable for epidemiological studies that 
gather information during a single visit, breath CO testing could 
be a valuable tool for monitoring abstinence from smoking during 
cessation trials that have regular follow-up intervals.26

The Smokerlyzer measures breath CO levels in parts per million 
(ppm) based on the conversion of CO to CO2 over a catalytically 
active electrode. On breath holding, the CO in the blood forms 
equilibrium with CO in the alveolar air; therefore, there is a high 
degree of correlation between breath CO levels and COHb con-
centration. This enables the Smokerlyser to accurately estimate 
the blood COHb concentration from the breath CO level. We have 
calibrated the Smokerlyzer weekly by using a mixture of 50 ppm 
CO in air.

Procedures
Patients were initially asked to participate in this study by phone 

contact using their previous records. Those who met the inclusion 
criteria were scheduled for their initial assessment visit following 
the rst group therapy session. All 132 participants who consented 
to enroll in this study were divided into 10 groups of 5 – 15 par-
ticipants each. Participants were visited approximately every two 
weeks, on weekdays, and a smoking counselor attended each ses-
sion. Participants came to the Smoking Cessation Clinic at 2, 4, 6, 
8 and 10-week intervals following initiation of the study to partici-
pate in group therapy, and at 3 and 6 months for follow up assess-
ments. In all sessions respiratory CO levels were assessed. 

The study protocol was approved by the Research Committee of 
the Tobacco Prevention and Control Research Center.  

Intervention
No new intervention was implemented following the completion 

of all measurements. Subjects were monitored to achieve a certain 
percentage of reduction in smoking rate (at least 50%). Therefore, 
2 mg nicotine gums were administered to all subjects, the same as 
in the cessation program.

The treatment procedure was started in a routinely conventional 
cessation program and categorized in three steps: i) one session 
as a baseline assessment; ii) two sessions for gradual reduction 
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Figure 2. Expired carbon monoxide (CO) levels from baseline to 6-month follow up. 
Differences were all statically signi cant on Fisher’s exact test (p < 0.001).
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that used 2 mg nicotine gums; and iii) two maintenance sessions 
(steady amount of nicotine gum and cigarettes) following  two 
maintenance sessions that aimed at further reduction or cessation 
of smoking. During the rst session (baseline assessment), subjects 
precisely stated the mean number of cigarettes they smoked daily 
and their reduction amount for each day for 2 weeks, considering 
the counselor’s advice. Based on the recordings of the rst session 
regarding smoking status, subjects were advised to decrease smok-
ing over a 2-week period by 50% (reduction goal). In case of any 
dif culty following the schedule, the reduction pace was lessened. 
Upon achieving the 50% reduction goal, subjects were advised to 
further decrease their consumption or quit smoking completely. 

Outcome measures
Outcome measures in this study included the decrease in the num-

ber of cigarettes smoked per day and the amount of nicotine gums 
used per day. Successful reduction was de ned as a self-reported 
reduction by 50% in the number of cigarettes smoked per day. 

Data analysis
First, the estimated prevalence was calculated for all variables 

through numbers, percentages, means and standard deviations. 
Second, in order to determine the ef cacy of the intervention, the 

Wilcoxon rank test was used since two outcome variables (number 
of cigarettes and nicotine gums used per day) did not have normal 
distributions as shown by the Kolmogorov-Smirnov test. Pearson’s 
chi-square test was used to determine the ef cacy of intervention 
in decreasing CO levels. All data were analyzed using SPSS ver-
sion 17.0 software. Statistical tests used were two-tailed with 5% 
signi cance level. 

Results

Characteristics of the subjects
Among participants, 87.1% (n=115) were men with a mean age 

of 37.33 ± 10.72 years and 12.9% (n=17) were women with a mean 
age of 40.70 ± 12.24 years. A total of 64.4% (n = 85) of the subjects 
were married, 26.5% (n = 35) were single, and the remainder were 
divorced, widowed or separated. Regarding their level of educa-
tion, approximately 69.2% (n = 90) had a high school diploma or 
lower educational level. Homeowners comprised about 52.3% (n 
= 69) of subjects. All were from low class strata; most (49.6%, n = 
65) were employed in clerical work or non-manual skilled labor, 
whereas 6.8% (n = 9) were unemployed (Table 1). 

Smoking pattern and nicotine dependence 

Variables Mean±standard deviation

Age at smoking onset (years) 18.5±5.6
Number of cigarettes smoked per day 22.1±10.4
Expired carbon monoxide (CO) level 101 (76.5)**
Number of nicotine gums used per day 0.03±0.43
Pack of cigarettes smoked per year 22.3±16.9
Q-MAT* score 14.9±4.1
HAD† score  16.9±6.7
FTND‡ score 5.9±2.8
* Motivation to quit smoking; ** Number (percent); † Hospital anxiety and depression test; ‡ Fagerström Test for Nicotine Dependence;  

Table 2. Baseline smoking status, habits, and dependence.
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Figure 3. Percent abstinence after treatment from second session until 6-month follow up.
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The mean age of smoking initiation was 18.5 ± 5.6 years and the 
mean number of cigarettes smoked daily was 22.19 ± 1.03. The 
mean amount of expired CO for 76.5% (n = 101) of subjects was 
more than 20 ppm. According to FTND, the mean score of nico-
tine dependence was 5.9 ± 2.8.  The mean score for readiness to 
quit smoking was 14.9 ± 4.1 based on motivation to quit smoking 
questionnaire (Questionnaire de motivation à l’arrêt du tabac) (Q-
MAT) and according to the Hospital Anxiety and Depression test 
(HAD), the mean score for suffering from depression or anxiety 
was 16.9 ± 6.7 (Table 2).

Treatment efficacy
During the rst 6 months, the number of cigarettes smoked daily 

signi cantly decreased; the number of nicotine gums used signi -
cantly increased. At the beginning of the study these rates were 
22.9 for number of smoked cigarettes and 0.03 for the number of 
nicotine gums used.  This declined to 11.34 for the number of ciga-
rettes smoked and 5.63 for number of nicotine gums used at the 
6-month follow up. All were statistically signi cant (p < 0.001; 
Figure 1). According to the chi-square test, differences in expired 
CO levels were statistically signi cant (p < 0.001 for all; Figure 2). 
In this study, 85 subjects (64.4%) decreased their number of daily 
cigarettes by a minimum of 50%. During the follow-up visits, the 
number of subjects who quit gradually increased. Finally at 3 and 
6-month follow-up visits, 17 subjects (12.9%) quit smoking (Fig-
ure 3). After 4 weeks of observation there was a minimum of 50% 
reduction in daily cigarette consumption among the participants 
(Figure 4).

Discussion

This study explained the feasibility of reduction and eventual ces-
sation of cigarette smoking among Iranian people who previously 
failed to quit. The reduction in level of expired CO was statistically 
signi cant, even at the 6-month follow up, which validated the ef-

cacy of smoking reduction programs in this study.
Smoking reduction may encourage smoking cessation by allow-

ing smokers to gradually take control of this habit. Similar stud-
ies that have aimed to decrease smoking in those trying to quit 
noted complete smoking cessation in a signi cant number of 
smokers.27–31 In our study, the gradual reduction in smoking was 
followed by a 12.9% successful quit rate.

One concern in harm reduction programs is that smokers who 
reduce the number of daily cigarettes may balance their intake of 
tobacco by smoking fewer cigarettes but more forcefully. In this 
study, reduction in expired CO levels and number of daily ciga-
rettes is statistically signi cant. Therefore, even if this hypothesis 
is true, we have reached a signi cant reduction in expiratory CO 
levels due to the consumption of nicotine gums while participants 
still smoked. 

Some researchers suggest that high dose nicotine replacement 
therapy should be used to reduce the health risks due to compensa-
tory smoking.31

Nicotine Replacement Therapy (NRT) increases lasting absti-
nence rates by 50% to 70%, irrespective of the method of prescrip-
tion in smokers motivated to quit.32 The 6-month abstinence rate 
in our study (12.9%) was the same as that observed in a number 
of previous studies on NRT products for smoking reduction (8% 
– 12%),27–30  but lower than observed in a recent trial by Kralikova 
et al. which showed that 18.7%     of participants quit smoking in an 
intervention group that used nicotine gums.33 This was possibly 
due to the fact that Kralikova and colleagues recruited smokers 
who wanted to manage their smoking, which meant either decreas-
ing cigarette consumption or immediate cessation; whereas, in the 
present study our participants were smokers who had failed to quit.

The NRT-assisted reduction phase aims to promote cessation and 
engage smokers who are ready to quit in a time-limited course of 
structured reduction to reach a quitting endpoint.  The reduce-to-
quit approach is not the only technique that uses NRT. A compara-
ble approach, described as “cut down to quit”, encourages smokers 
who are not currently interested in quitting to use NRT for smoking 
reduction over a period of up to 12 months. The meta-analysis con-
ducted by Wang et al. in 2008 have reported that this approach was 
successful but less cost effective than immediate cessation. The 
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Figure 4. Estimated survival curves for 50% reduction in daily cigarette consumption through 3 months.
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two approaches address different populations with different plans, 
making it dif cult to compare the results.34

 Our data suggest that although prolonged observation is not 
included in conventional smoking cessation programs, we could 
design our interventions for a longer period of time to address ces-
sation in smokers. Moreover, a structured treatment on the rst 
two months of the course with regular follow-ups could clearly 
enhance the quit rate. 

This study’s strengths include the presence of detailed data on 
smoking pattern and biochemical measures of smoke exposure. 
Another strong point is the report of smoking prevalence in a 
6-month period instead of point prevalence at the end of a conven-
tional treatment, which is a less relevant outcome. 

In summary, this study shows that reduction in smoking can be 
achieved through prolonged counseling sessions and NRT. Smok-
ing reduction in people unable to stop smoking immediately seems 
to be a step forward towards improved health and may nally pro-
ceed to complete smoking cessation. 

The results of this study support the ef cacy of harm reduction 
programs. This is particularly useful for smoking cessation coun-
selors to know that continuation of conventional programs can 
augment the success rate of quitting in smokers. We hope that the 
results of this study may be useful for tobacco control programs 
and policy making. Further studies are also recommended in this 
regard. 

Last but not least, similar studies in other regions and countries 
can help support and generalize our ndin
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