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Abstract
Introduction: A limited number of risky behaviors cause most morbidity and mortality. The aim of this study
was to determine the possible clustering of lifestyle behaviors, including transportation behaviors, diet, physical
activity, and smoking in Shiraz, Iran.
Methods: There were 776 representative Shirazi adults who participated in this cross-sectional study. The
questionnaires were completed via person-to-person interviews. The datasets were searched for any clustering
patterns. Cluster analysis was used for statistical analysis, and the data were analyzed using SPSS version 11.5.
Results: Three distinct clusters were identified. Cluster 1 was named "Healthy," and it included non-smokers,
safe drivers, appropriate or acceptable fruit, vegetable, and fast-food consumers, and physically-active people.
Cluster 2, "Moderately Healthy," was relatively risky drivers who had appropriate behaviors on the rest of the
health-related behaviors. Cluster 3, "Unhealthy," was smokers, risky drivers, inappropriate or unacceptable fruit,
vegetable & fast-food consumers, and a sedentary lifestyle.
Conclusions: It was obvious that health-related behaviors were clustered together and unhealthy behaviors were
not established in isolation.
Keywords: Cluster analysis, Lifestyle, Transportation behaviors, Iran
1. Introduction
The patterns of deaths and diseases have changed during the twenty-first century, shifting from communicable and
infectious diseases to lifestyle-related diseases. Currently, non-communicable diseases comprise 43% of the illness
load all over the world, and this percentage is expected to increase to 60% by 2020 (1). While suffering from
malnutrition and low weight are among the causes of children's deaths in the world's poor countries, in more
developed areas, such as the United States and Europe, many people die of obesity and its related risks. Iran must
deal with a double burden of diseases, i.e., communicable and non-communicable diseases. However, the highest
rate of Disability Adjusted Life Years (DALY) in Iran is related to motor-vehicle accidents, heart disease, and
cancer (2). The findings of various research efforts have indicated that half of all deaths may occur due to a limited
number of behaviors and preventable measures. The use of tobacco and cigarettes, improper diet, insufficient
physical activities, alcohol, infectious factors, toxins and pollutants, motor vehicle deaths, risky sexual behaviors,
and drug abuse are the major causes of death (3). The use of fatty and salt-containing foods is associated with an
increase in serum cholesterol and high blood pressure levels, resulting in increased risk for cardiovascular diseases.
In contrast, eating fruit and vegetables can prevent many cardiovascular diseases and some types of cancers. It is
estimated that low consumption of fruit and vegetables in the daily diet may lead to about 2.7 million deaths
annually. It also has been observed that the lack of physical activities is correlated with the incidence of many
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cancers, diabetes, and cardiovascular diseases (4). In 2000, almost a million deaths and over 50 million injuries
occurred due to unintentional accidents worldwide, 90% of which occurred in low-to-middle income countries (5).
Fewer accidents would occur if more attention were paid to high risk behaviors, such as not fastening seatbelts, not
observing speed limits, and not adjusting the driving speed to better match road conditions (6). Various healthrelated behaviors may together, and it has been proven that the combination of two or more lifestyle risk factors
increases the likelihood of many serious chronic diseases (7-9). The high priority of establishing more effective
preventive strategies and the limited number of research efforts that consider people’s lifestyle characteristics in
combination necessitate conducting such studies to better understand the characteristics of the target population and
to develop and implement more effective interventional strategies. Using cluster analysis, we searched for probable
patterns in our data by grouping the observations into clusters. Cluster analysis or clustering is the task of grouping a
set of characteristics in such a way that characteristics in the same group (called cluster) are more similar (in some
sense or another) to each other than to those in other groups (clusters). It is a main task of exploratory data mining,
and a common technique for statistical data analysis used in many fields (10).To the best of our knowledge, this was
the first study in Iran with the aim of determining whether there are any specific subgroups or clusters due to
lifestyle and health behaviors as well as demographic characteristics. The promise was to find the natural groupings
and show how behaviors cluster together so that the healthcare providers and policy makers can design more
effective interventional strategies within the community.
2. Material and Methods
2.1. Study setting, sampling, and eligibility criteria
This study was conducted in Shiraz, Iran in 2010. Shiraz is the largest city in the southern half of Iran, and it is the
capital of Fars Province, which as a population of about 1,400,000 people. In a cross-sectional design, we assessed a
representative sample of the adults in Shirazi and searched for patterns of health-related behaviors in our data by
grouping the observations into clusters. The participants were citizens of Shiraz who were 18 and older. People who
resided in dormitories and institutions, in extremely remote locations, or were nationals from other countries were
excluded from this study. People with dementia and psychosis also were excluded. Applying the multistage cluster
sampling method, we divided Shiraz into nine neighborhoods, and five of these neighborhoods were selected
randomly at the first step. Then, the selected neighborhoods were divided into blocks, and 50% of the blocks were
chosen randomly from within each selected neighborhood. Finally, the houses were listed within each selected
block, and 50% of these houses were selected through a systematic sampling method. As a result, 776 adults in
Shirazi participated in the study. (The sample size was calculated based on α = 5%, p = 23.8%, d = 3%.)
2.2. Instrument development, validity, and reliability
After an extensive literature search and after obtaining experts’ opinions, a questionnaire was designed based on
four health-related behaviors, i.e., the use of tobacco products, transportation behaviors, diet, and fitness activities.
In the first step, a pilot study was performed on 100 residents of Shirazi who met the inclusion criteria in order to
establish face validity of the questionnaire. The simplicity, relevance, and clarity of each question were discussed.
During the pilot study, the interviewers discussed the clarity of each question with the participants, and questions
were omitted or revised if more than half of the pilot participants thought the questions were unclear. In fact, no
questions were omitted, but a few questions were revised to increase their clarity. Some experts on health-related
behaviors reviewed the questionnaire, and their comments contributed to the improvement of the validity of the
questions. Repeatability of the questionnaire was examined by test-retest reliability on the same questionnaire and
under the same conditions, and Cronbach’s alpha (α = 0.78) was obtained. Our well-validated questionnaires were
completed via face-to-face interviews.
2.3. Questionnaire
The questionnaire covered the following sets of variables:
1) Demographic characteristics: Age, gender, weight, height, marital status (married, single), occupation
(housewife/jobless, non-manual, manual, student), educational level classified as 0–5 years (i.e., primary school), 5–
12 years (i.e., high school), 12-16 years (graduate studies), more than 16 years (post graduate studies), and
residential place (categorized into five codes). Note that the characteristics of weight and height were measured by
researcher with the same instrument. Residential place is an indicator for socioeconomic status (SES) in this study,
and code 1 implied low SES; code 2 implied low-to-moderate SES; code 3 implied moderate-to-high SES; code 4
implied high SES; and code 5 implied very high SES.
2) The habit of using tobacco products: Regular cigarette or hookah smokers were identified.
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3) Transportation behavior: Data on self-reported adherence to fastening the seatbelt and obeying the speed limits
among eligible participants (drivers were asked about obeying the speed limit) at all times were obtained.
4) Diet: The consumption of fruit and vegetables consumption and the frequency of consuming fast foods were
mentioned. According to standard recommendations, the consumption of at least 2 units of fruit and 3 units of
vegetables per day was considered as appropriate behavior (11). Fast food consumption of once a month or less was
considered acceptable.
5) Fitness activities: Defined as activities leading to elevation of the heart rate beyond the normal rhythm. Healthy
physical activity was considered to be 20 min of exercise three or more times per week (12).
2.4. Data collection and research ethics
A two-hour training course was provided for the interviewers. We tried to minimize potential interviewer bias by
establishing the same structured interview schedule and giving comprehensive training to the interviewers. To avoid
halo effects, some related statements were reversely scaled. Completion of the survey implied consent. The Medical
Ethics Committee of Shiraz University of Medical Science approved the initiation of the project. The interviewer
described to the participants that their help was voluntary, but very important, and said “if you feel any discomfort in
answering the questions, you have the right to stop participating at any time and you can refuse to answer any
question.”
2.5. Data analyses
Two-step cluster analysis was used to identify the number of different lifestyle clusters and the characteristics of
each cluster. This method is best suited for large sample sizes, ideally more than 200. The categorical data and the
continuous data can be used in this analytical procedure. The procedure searches for patterns in a dataset by
automatically grouping the observations into clusters and determining the optimal grouping in a specific population.
As a matter of fact, characteristics within each cluster were similar, but the clusters were different from each other.
We used the two-step cluster analysis based on four health-related behaviors, including Tobacco products use habit,
Transportation behaviors, Diet, and Fitness activities. In the next step, the chi-squared test, t-test, and ANOVA were
administered to determine the statistically-significant differences between clusters according to demographic and
health-related behaviors. P-values less than 0.05 were considered as significant. All statistical analyses were
performed by SPSS version 11.5 (SPSS, Inc., Chicago, Illinois, USA).
3. Results
Socio-demographic characteristics of the study population by gender are reported in Table 1. The sample consisted
of 404 males and 372 females. The mean (± SD) age of the study sample was 39.9 (± 1.5). The sample
predominantly consisted of married people (68.2%), and 35.6% had an academic education. The mean Body Mass
Index (BMI) of the study sample was 24.4 ± 4.1. Table 2 depicts the health-related behaviors of the study population
by gender. Our findings supported the significant difference of smoking between the genders. The proportion of
smokers was higher among men, i.e., 119 (29.5%). However, men did better in fastening the seatbelt at all times
(55.7%). No gender differences emerged for complete adherence to obeying the speed limit. Although females had
better adherence to diet recommendations, only 107 (28.8%) of them reported eating the recommended amount of at
least two servings of fruit and three units of vegetables per day. But 267 (71.8%) of the females reported acceptable
fast food consumption habits. No gender differences were identified for appropriate fitness activity, although males
did slightly more fitness activities. Three distinct clusters were identified based upon four health-related behaviors
(Table 3). Cluster 1 "Healthy" (low risk) was shaped by the lack of smoking and relatively high proportion of
complete adherence to fastening the seatbelt and obeying the speed limit. Relatively appropriate fruit and vegetable
consumption, as well as acceptable fast-food consumption and appropriate fitness activity, also were the
characteristics of this cluster. Cluster 2 "Moderately Healthy" (moderate risk) was shaped by the lack of smoking
and relatively high proportion of complete adherence to fastening the seatbelt, appropriate fruit and vegetable
consumption, acceptable fast-food consumption, and appropriate fitness activity. However, the lack of complete
adherence to obeying the speed limit was another characteristic that shaped this cluster. Cluster 3 "Unhealthy" (high
risk) consisted of smokers, risky drivers, inappropriate or unacceptable fruit, vegetable, and fast-food consumers as
well as sedentary lifestyles. The pattern of cluster membership differed across gender, age, marital status as well as
education, occupation, and living area. There was a significant association between clusters 2 and 3 with gender,
with a higher percentage of females in cluster 2 and men in cluster 3. Age and marital status were associated with
clusters 2 and 3. A greater percentage of married people shaped cluster 3 in comparison with clusters 1 and 2. There
was a significant difference between cluster 2 and the other clusters according to the educational level. Post-graduate
studies were less prevalent among cluster 2 members. Occupation correlated with clusters 2 and 3.
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Table 1. Socio-demographic characteristics of the study population by gender
Variables
Male [n = 404 (52.1%)]
Age (mean ± SD)
40.2 ± 16.1
BMI
24.3 ± 4.1
Marital status (%)
Single
138 (34.2)
Married
266 (65.8)
Education [n (%)]
≤5 years
59 (14.6)
6-12 years
178 (44.1)
13-16 years
142 (35.1)
≥17 years
25 (6.2)
Occupation (%)
Jobless/ housewife 63 (15.6)
Non-manual
102 (25.2)
Manual
192 (47.5)
Student
47 (11.6)
Living location (SES) (%) Low
51 (12.6)
Low to moderate
93 (23.0)
Moderate to high
157 (38.9)
High
73 (18.1)
Very high
30 (7.4)

Female [n = 372 (47.9%)]
39.7 ± 14.2
24.4 ± 4.2
109 (29.3)
263 (70.7)
94 (25.3)
169 (45.4)
99 (26.6)
10 (2.7)
259 (69.6)
41 (11.0)
32 (8.6)
40 (10.8)
44 (11.8)
96 (25.8)
146 (39.2)
57 (15.3)
29 (7.8)

Table 2. Health-related behaviors of the study population by gender
Variable
Male
[n = 404
(52.1%)]
Smoker (%)
119 (29.5)
Transportation Complete adherence to fasten seatbelt
225 (55.7)
behaviors (%)
Complete adherence to obey speed limit
170 (42.1)
Diet (%)
Appropriate fruit & vegetable consumption
84 (20.8)
Acceptable fast-food consumption
262 (64.9)
Appropriate fitness activity (%)
133 (32.9)
Table 3. Health-related behaviors of three clusters
Variable
Cluster 1
(Healthy:
low risk)
n = 257
(33.1%)
Smoker (%)
0 (0)
Transportation Complete
211 (53.6)
behavior (%)
adherence to fasten
seatbelt
Complete
257 (81.3)
adherence to obey
speed limit
Diet (%)
Appropriate fruit & 80 (41.9)
vegetable
consumption
Acceptable fast192 (36.3)
food consumption
Appropriate fitness activity (%)
106 (43.6)

pvalue

Female
[n = 372
(47.9%)]
45 (12.1)
169 (45.4)
146 (39.2)
107 (28.8)
267 (71.8)
110 (29.6)
pvalue

<0.001
<0.001

Cluster 2
(Healthy:
moderate risk)
n = 355
(45.7%)
0 (0)
107 (27.2)

<0.001

p-value
0.628
0.598
0.147
<0.001

<0.001

0.803

pvalue

Total
(n = 776)

<0.001
0.004
0.422
0.010
0.039
0.315

164 (21.1)
394 (50.8)
316 (40.7)
585 (75.4)
529 (68.2)
533 (68.7)
Pvalue

<0.001
<0.001

Cluster 3
(Unhealthy:
high risk)
n = 164
(21.1%)
164 (100)
76 (19.3)

0 (0)

<0.001

59 (18.7)

0.164

0.003

73 (38.2%)

0.016

38 (19.9)

0.629

0.006

234 (44.2)

0.216

103 (19.5)

0.097

<0.001

101 (41.6)

0.114

36 (14.8)

0.004

<0.001
0.201

Half of the participants in cluster 3 had manual jobs. Living area correlated with membership in all the 3 clusters
(Table 4). The results of the chi-squared test revealed significant differences between the clusters and the healthrelated behaviors. There was a significant difference between cluster 3 with clusters 1 and 2 on smoking. All of the
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people in cluster 3 were smokers despite the fact that there were no smokers in clusters 1 and 2. There was a
significant difference between cluster 1 with clusters 2 and 3 on complete adherence to fastening the seatbelt. A
relatively higher percentage of people in cluster 1 reported fastening the seatbelt at all times. There were significant
differences between cluster 1 and 2 in comparison with cluster 3 on complete adherence to obeying the speed limit.
Our findings did not support the significant differences between complete adherence to obeying the speed limit and
cluster 3. A relatively high percentage of people in cluster 1 obeyed the speed limit at all times, and, amazingly, no
one reported complete adherence to obeying the speed limit in cluster 2. There were significant differences between
clusters 1 and 2 and appropriate fruit and vegetable consumption. A relatively higher percentage of people in
clusters 1 and 2 in comparison to cluster 3 reported more positive behaviors on fruit and vegetable intakes. There
were significant differences between cluster 1 in comparison to clusters 2 and 3 on acceptable fast-food
consumption. A relatively lower percentage of people in cluster 1 reported acceptable fast-food consumption. There
were significant differences between cluster 1 in comparison to clusters 2 and 3 on appropriate fitness activity. The
participants in cluster 1 demonstrated more positive behaviors regarding fitness activity (Table 3).
Table 4. Demographic characteristics of three clusters
Variable
Cluster 1

Gender
Age (mean ± SD)
BMI (mean ± SD)
Marital status (%)
Education (%)

Occupation (%)

Living location
(SES) (%)

Male
Female
Single
Married
≤5 years
6-12 years
13-16 years
≥17 years
Jobless/
housewife
Non-manual
Manual
Student
Low
Low to
moderate
Moderate to
high
High
Very high

n = 257
(33.1%)
129 (50.2)
128 (49.8)
41.0 ± 15.5
24.1 ± 3.8
79 (30.7)
178 (69.3)
43 (16.7)
117 (45.5)
80 (31.1)
17 (6.6)
115 (44.7)
55 (21.4)
64 (24.9)
23 (8.9)
23 (8.9)
69 (26.8)

p

0.464
0.189
0.265
0.646
0.135

0.083

<0.001

Cluster 2
n = 355
(45.7%)
156 (43.9)
199 (56.1)
37.9 ± 15.4
24.5 ± 4.2
129 (36.3)
226 (63.7)
73 (20.6)
152 (42.8)
122 (34.4)
8 (2.3)
162 (45.6)
60 (16.9)
78 (22.0)
55 (15.5)
41 (11.5)
77 (21.7)

p

<0.001
0.001
0.248
0.013
0.015

<0.001

<0.001

Cluster 3
n = 164
(21.1%)
119 (72.6)
45 (27.4)
42.7 ± 13.7
24.3 ± 4.6
39 (23.8)
125 (76.2)
37 (22.6)
78 (47.6)
39 (23.8)
10 (6.1)
45 (27.4)

p

<0.001
0.008
0.901
0.013
0.115

<0.001

28 (17.1)
82 (50.0)
9 (5.5)
31 (18.9)
43 (26.2)

0.001
0.001

122 (47.5)

135 (38.0)

46 (28.0)

0.001

16 (6.2)
27 (10.5)

89 (25.1)
13 (3.7)

25 (15.2)
19 (11.6)

0.001
0.001

4. Discussion
Cardiovascular diseases, motor vehicle accidents, and cancers are the leading causes of morbidity and mortality In
Iran (2). Modifying lifestyle factors, such as smoking (13, 14), obesity (15, 16), adherence to traffic laws and
regulations (6), and physical activity (17, 18) are the widely-accepted behaviors associated with an increased risk of
such diseases and conditions. Identification of target population with risky behaviors to develop more specific and
effective preventive strategies is of interest. To the best of our knowledge, this is the first study to determine the
clustering of Iranian transportation behavior in conjunction with the rest of important lifestyle characteristics
including diet, physical activity and smoking within a representative sample of Iranian (Shirazi) adults. Three
distinct clusters were identified based upon four health related behaviors (Table 3). Cluster 1 “Healthy” (low risk)
was non-smokers, safe drivers, appropriate or acceptable fruit, vegetable and fast-food consumers, and physically
active people. Cluster 2 "Moderately Healthy"” (moderate risk) was relatively risky drivers who had appropriate
behaviors on the rest of health-related behaviors. Cluster 3 "Unhealthy"(high risk) was smokers, risky drivers,
inappropriate or unacceptable fruit, vegetable and fast-food consumers as well as sedentary lifestyle. Nearly, a
fourth of the sample was characterized as having an unhealthy lifestyle (cluster 3). Furthermore, a higher percentage
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of men and married people were in this cluster. Half of the participants in cluster 3 had manual jobs. It was
suggested that male gender, non-manual job, and marital status are at higher risks of unhealthy lifestyle. Such
findings among men were consistent with other studies (19, 20). We assumed that married people choose less
healthy lifestyle as a result of higher levels of perceived emotional stress due to higher responsibilities and more
extensive familial and social roles. However, this idea should be confirmed by further studies in future. Nearly half
of the sample reported relatively healthy lifestyles but lacked adherence to obeying the speed limits, which was a
significant finding in this cluster. Post-graduate people were fewer among cluster 2 members than the other two
clusters. It was found that even when Shirazi people had a relatively better adherence to a healthy lifestyle, their
behaviors regarding traffic laws and regulations were completely unacceptable. Many surveys have depicted
significant differences between reported and observed driving behaviors, such as safety belt use; however, the
magnitude of the over-reporting is still controversial (21). Keeping in mind the high burden of traffic road injuries in
Iran, this emphasizes the urgent need for educational and motivational strategies to improve transportation behavior
and adherence to traffic laws and regulations in Iran.
Overall, this study depicts a worrying picture of health-related behaviors of Iranian citizens. Near a quarter of them
were smokers and about a third of them had unacceptable diet and physical activities, and only about half of them
reported complete adherence to fastening the seatbelt and obeying speed limits. These findings revealed that health related behaviors should not be considered in isolation from each other (9). It is ideal to keep in mind the limitations
of this study, in order to interpret the findings rationally. We attempted to minimize the potential interviewers and
recall bias by employing expert interviewers and giving them extensive training as well as using the same interview
schedule; nonetheless, a continuum of recall and interviewer's bias were unavoidable. Social desirability bias arising
from face-to-face interview may lead to over-/under-reporting and subsequently make it difficult to estimate the
accurate health-related behavior, and this also may have affected the accuracy of the results of this study. Objective
measurement of behavior, such as camera speed control, application of pedometer to measure physical activities,
and others, could have improved the validity of the findings. Ultimately, we had limitations in assessing all the
potential factors related to lower adherence to healthy lifestyle, and it may lead to a lower power of this study. This
study introduced important practical information to policy makers to design and tailor preventive interventions that
suit the target population. It was obvious that health-related behaviors were clustered together and that unhealthy
behaviors were not established in isolation. Such studies warrant replication in other settings and populations within
developing countries.
5. Conclusions
Three distinct clusters were identified. Cluster 1, named "Healthy" was non-smokers, safe drivers, appropriate or
acceptable fruit, vegetable and fast-food consumers, and physically active people. Cluster 2, "Moderately Healthy,"
was relatively risky drivers who had appropriate behaviors on the rest of the health-related behaviors. Cluster 3,
"Unhealthy," was smokers, risky drivers, inappropriate or unacceptable fruit, vegetable and fast-food consumers as
well as sedentary lifestyle. It was obvious that health-related behaviors were clustered together and unhealthy
behaviors were not established in isolation. These findings are helpful for healthcare providers and policy makers to
design more efficient interventional strategies within the community.
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