
Hookah smoking is considered to be an addictive and has 
many negative health effects [1,2]. Studies have indicated a 
relation between hookah smoking and a high prevalence of 
chronic diseases, chronic obstructive pulmonary disease, can-
cer, and cardiovascular and infectious diseases such as tuber-
culosis [3,4]. In addition, hookah smoking has been linked to 
other risky health behaviors such as cigarette smoking, alcohol 
consumption, and recreational drug use.

Studies in the Arab world show high rates of hookah smok-
ing, which has become a part of recreational culture and is a 
growing epidemic [5,6]. Hookah smoking is seen as socially 
acceptable behavior, part of leisure culture, and as a tool that 
connects people in society despite its health threats [6,7]. The 
reasons for this may be related to prevailing misperceptions of 
the severity and risk of hookah smoking [8]. Other contributing 
factors may be the lack of restrictions or social sanctions, the 
attraction of the unique aromatic odor of the tobacco supple-
ments, and the influence of the media in giving social legitimacy 
to this practice. Studies investigating factors that affect hookah 
smoking have shown an association between hookah smoking 
and cigarette smoking habits of an adult family member. Hoo-
kah smoking has been shown to impact relationships within the 
family, and is affected by a degree of social acceptability of the 
phenomenon, peers influence, socioeconomic and environmen-
tal conditions, living conditions, and education [9,10].

In Israel, most studies that have been conducted in the last de-
cades have focused mainly on hookah smoking among young peo-
ple and have shown a prevalence ranging from 6.4% to 7.0% [11]. 
Few studies have dealt with the phenomenon in the general adult 
population. A recent study [12], which examined the prevalence of 
hookah smoking among three groups in Israel aged 30–65 years 
(Jews, Arabs, and immigrants from the Former Soviet Union), 
showed that the phenomenon is more prevalent among Arabs 
than among other groups (20.3% vs. 4.8% among Jews and -3.2% 
among immigrants from the former USSR). Furthermore, in the last 
decade there has been a sharp increase in hookah smoking among 
the Arabs (age 15 years and older) in Israel (from 4.5% in 2007 to 
10.5% in 2017), with the most pronounced increase among women 
(from 2.4% to 3.5%) compared to men (from 6.6% to 16.8%) [13]. 

Hookah smoking has been a common activity around the 
world and is documented in historical records. This behavior 

has recently become a trend among youth and is threatening to 
become the second most common health concern after cigarette 
smoking. In the early 1990s with the beginning of the use of to-
bacco supplements (Almua'ssel in Arabic), there was a marked 
increase in the scope of hookah smoking among young people.



Trying to reduce smoking in general, and hookah smoking in 
particular, among the Arab population in Israel requires a deep 
understanding of the causes that lead to this habit. With this un-
derstanding, interventions could be designed for primary and 
secondary school students.

The aim of the present study was to examine the association 
between hookah smoking and socioeconomic characteristics, 
health status and behaviors, and knowledge in the adult Arab 
population in Israel. We used a machine learning algorithm on a 
dataset accrued in 2015 to build a classifier that can predict hoo-
kah smoking based on the socioeconomic characteristics, health 
status, health behaviors, and knowledge. In addition, a deep 
analysis was conducted to detect the most significant variables 
that would accurately evaluate current use as well as predict fu-
ture use, based on a smaller set of variables. 

The study was based on analysis of data obtained from the 2015 
Health and Environment Survey conducted by Rikaz, Galilee 
Society the Arab National Society for Health Research and Ser-
vices, Shefa Amr, Israel. The survey included a sample of 2250 
Arab families in Israel, divided by strata according to the size 
of the statistical stratum. The survey included 1110 households 
in the northern region, 420 households in the Haifa region, 360 
households in the southern region, and 360 households in the 
central region. We collected 2095 completed questionnaires, 
representing 93% of the planned sample. The data were collect-
ed through face-to-face interviews with the head of the family 
from the beginning of November 2015 until the end of February 
2016. A written informed consent was obtained from each inter-
viewee after explaining the goals and the survey process by the 
interviewer.

From each household a person over the age of 18 years was 
selected using Kish table [14,15] according to the serial number 
of the households with whom a personal interview was conduct-
ed to gather detailed information. We conducted 2046 individu-
al interviews, representing 91.0% of the total families.

The questionnaire included questions about smoking in gener-
al (cigarettes and hookah) and socio-demographic characteris-
tics as well as health status, behaviors, and knowledge. Hoo-
kah smoking was tested by the question: Do you smoke? The 
answers were (1) Yes, only cigarettes; (2) Yes, cigarettes and 
hookah; (3) Yes, hookah only; (4) Yes, I smoked in the past but 
stopped and; (5) No, nor did I smoke in the past. The group of 
hookah smokers included all those who answered that they cur-
rently smoke cigarettes and hookah or hookah only. 

Socio-demographic variables included gender, age, educa-
tion level, economic status, employment, and health status. The 
level of education was coded into three categories: elementary, 

secondary, or over secondary. The economic status was mea-
sured by the family's income level above or below the poverty 
line and was calculated for the survey year by the National In-
surance Institute of Israel. Interviewees were asked about their 
status in the workforce: employed, unemployed, and out of the 
labor force. 

The health status was examined according to the reporting of 
an existing (diagnosed) chronic illness in response to the ques-
tion whether a physician had diagnosed any chronic diseases. 
The health status was divided into two categories: yes, there is at 
least one chronic illness or no chronic illness diagnosed. 

Two types of health knowledge were examined: general 
health knowledge and health rights knowledge. The knowledge 
level was examined by the question: How do you estimate your 
knowledge about each of the following subjects (8 health sub-
jects for general knowledge and 12 subjects for health rights 
knowledge)? Answers ranged from nothing at all to partial, 
moderate, good, and very good. The replies were coded into 
low, moderate, and high for the analysis.

Health behavior was examined by asking how often the par-
ticipant ate or drank each of the following food or drink types 
(vegetables, fruits, meat and fish, bread, sweetened beverages, 
sweets, fast food, salty snacks, and alcohol)? According to the 
answers, the frequency was defined as not at all, sometimes, 
and always. 

Data analysis was conducted using statistical approaches and 
machine learning approaches. In statistical approaches, asso-
ciation between hookah smoking and all background variables 
(e.g., age, gender, education, economic status, employment, 
health status, health knowledge, and food and drink consump-
tion) were evaluated by chi-square test. Next, a logistic regres-
sion test was performed to estimate the risk factors for hookah 
smoking and defining the differences between hookah smokers 
and non-smokers by socio-demographic, economic, health, and 
behavioral variables.

The machine learning approach was used to build a mod-
el that enabled the prediction of hookah smoking based on the 
given variables. The modern approaches for data analysis were 
based on machine learning that allow the machine (computer) 
to learn from experience without being explicitly programmed. 
We considered the random forest (RF) algorithm for the task 
of classification. The classifier was trained and tested with a 
split into 90% training and 10% testing data. To evaluate the 
performance of the RF classifier, a set of the following measures 
were considered: sensitivity, specificity, precession, and accura-
cy [16-18]. For more detail, see Supplemental Table 1, Supple-
mental Table 2, and Supplemental Figure 1, which are on the 
online version only. The data contain 263 examples of hookah 
smokers and 1762 examples of hookah non-smokers. The total 
data consisted of 537 features/parameters. We removed all of 



the features that contained more than 10% missing values. The 
most-frequency method was used for replacing missing values 
for integer and string values while the mean was used for float 
values. The number of parameters after all this stage was 284 
features/parameters.

Table 1 presents the distribution of the sample and the group 
of hookah smokers according to socio-economic, demographic, 
health status, and behavioral characteristics. The findings show 
that 13.0% of all participants smoke hookah. The 18–34 age 
group was the main group of hookah smokers (19.5%). With 
increasing age, the percentage of hookah smokers declined (  < 
0.001). Hookah smoking was more common among men: 19.4% 
of men versus 7.0% of women smoke hookah ( < 0.001). Those 
with education above secondary school smoked hookah more 

frequently (16.9%) compared to those with elementary (9.43%) 
(  < 0.001). In all, 15% of people above the poverty line smoked 
compared to 11.0% of those below the poverty line (  < 0.05). 
In addition, people who were employed and those in good 
health (not presenting with chronic illnesses) smoked hookah 
more frequently (  < 0.001). People with a lower level of health 
knowledge smoked hookah (21.7%) more frequently than those 
with a moderate to high level (  < 0.001). Regarding behavioral 
variables, it was found that people who consumed more energy 
drinks, as well as those who consumed more alcohol, smoked 
hookah more frequently than those who did not consume at all 
or consumed only occasionally ( < 0.001).

To examine the likelihood of hookah smoking, considering 
all the explanatory variables, a logistic regression was calculat-
ed and the risk factor (odds ratio [OR]) calculated first for each 
variable individually (crude) and then together with all other 
variables (adjusted) [Table 2]. The findings indicate that each 



and to 2.2 for men compared to women (  < 0.001). Chronic ill-
ness, alcohol consumption, low education, and economic status 
did not significantly alter the risk of hookah smoking. However, 
employed people were 2.1 times more likely to smoke hookah 
than those who were out of the labor force (  < 0.005). People 
with a low level of health knowledge were 4.8 times more likely 
to smoke hookah ( < 0.001) (OR 4.8, 95%CI 2.9–7.9). In ad-
dition, regular consumers of energy drinks were 2.0 times more 
likely to smoke hookah than non-consumers ( < 0.001).

To examine whether there was a difference in the risk of hoo-
kah smoking by gender, the same logistic regression procedure 
was performed for men vs. women [Table 3]. The 18–34 age 
group of both genders was at a higher risk of hookah smoking 
compared to older people of the same gender (OR 7.6 among 
men and OR 8.3 among women). Low level of health knowl-
edge is also a risk factor for hookah smoking for both genders 
( < 0.001), but higher for women (17.5 in women compared to 
3.0 in men). Unemployed women were 3.4 times more likely to 
smoke hookah compared to women who were out of the labor 
force ( < 0.05) while employed women were 2.9 times more 
than those out of the labor force are ( < 0.01). Heavy consump-
tion of energy drinks was also a risk factor for hookah smoking 
among women (OR 3.6, 95%CI 1.6–7.8) but not among men.

Using the machine learning approach, we conducted two 
analyses on the data, the first one considered all the features 
and all the examples, whereas the second focused on gender. 
In other words, we considered all examples with male gender 
and other the same with female gender to be able to conduct a 
comparison analyses and determine the influence of the gender 
on hookah smoking.

The data were imbalanced where the class of hookah smok-
ers was about one-seventh (1762/263) of the total group. This 
imbalance would impact on the classification performance 
where the algorithms are much more likely to classify new ob-
servations to the majority class. Therefore, we examined differ-
ent levels of mixes of examples from the large class against the 
small class [Table 4].

We calculated the average performance results of applying 
RF on those different levels. The results showed that the accura-
cy increased as the number of the examples increased from the 
non-smoking class. While sensitivity increases, the specificity 
decreases to reach a low value. We chose the results of equal 
size of both groups as our model performance because the sen-
sitivity and specificity are reasonable. The accuracy was 80% 
with 90% and 82% for sensitivity and specificity. Using 263 
samples from each class, we also reached the top significant fea-
tures ranked by RF, which include the top eight features. These 
top ranked features as ranked by the RF included general health 
knowledge, vegetable consumption, knowledge of accidents 
and injuries, knowledge of health rights in general, knowledge 
of personal health rights, gender, work status, energy drink con-
sumption (See Supplementary Table 1, online).

of the variables increased the risk of hookah smoking. For ex-
ample, the risk of hookah smoking in the 18–34 age group was 
14.5 times higher than those 55 years of age and older (OR 14.5, 
95% confidence interval [95%CI] 6.7–31.1). Men also had a 3.2 
times greater risk of hookah smoking than women. Neverthe-
less, when all other explanatory variables were considered, the 
risk dropped to 7.3 for young adults compared to older adults, 



In addition, we explored the minimum number of features 
that would be enough to reach the performance of the one we 
picked. We found that with the top eight features we were able 
to reach the required performance. For example, with the top 
feature we got accuracy of 69% while with the fifth feature we 
got accuracy of 71%. The top eight features reached the accura-
cy of 80% with sensitivity of 91% and specificity of 83%. Ac-
cording to that, the eight top features were sufficient for build-
ing the model with reasonable accuracy. Therefore, to predict 
hookah smoking or non-smoking status, it is enough to collect 
information about these eight features and then feed it to the 
deployment model to get the response of the classifier. 

Comparing the results of the top 30 ranked features for men 
and women, we found eight common features (See Supplemen-
tary Table 2, online) with their rank assigned by the RF algo-
rithm. The rank is the average of the 100 iterations used in our 
implementation. 

Supplementary Figure 1 (online) presents the RF algorithm 
results as a tree of decisions toward prediction of hookah smok-
ing. This tree presentation shows the characteristics that are the 
most important associates of hookah smoking, as they are locat-
ed on a higher node of split level. This mode of presentation also 
marks those features that should be addressed in any corrective 
measure that would be considered in the future.

We conducted further analyses to examine gender-based 
hookah smoking. We considered each part for our classifica-
tion producer and generated the performance results along with 
its ranked features. For balance issues we choose to consider 
190 men who smoked against 190 men who did not. The RF 
results showed accuracy of 74% with 91% sensitivity and 83% 
sensitivity. While for the women, we also choose 73 sample of 
smokers and 73 non-smokers. The RF results showed accuracy 
of 87% with sensitivity 97% and specificity of 71%.

The main findings of this study were in the expected and un-
expected associations of hookah smoking. The fact that men, 
people with lower level of health knowledge, heavy consumers 
of energy drinks and alcohol, and employed people were more 
likely to smoke hookah were expected, based on previous stud-



ies [12,19,20]. Yet there are some surprising associations. First 
and foremost is the fact that young and more educated people 
are more likely to smoke hookah. Another surprise was that 
younger people were more likely to smoke hookah than their 
elders are, which was against our preconception that hookah 
belonged to the traditional set of behaviors, likely to be rooted 
among the elders. This finding can be linked to the fact that hoo-
kah smoking has become an accepted behavior in Arab society 
and that it is available and within reach of everyone. Hookah 
cafes are very common in Arab communities and are central and 
unique entertainment sites for many of young Arabs [14]. 

Traditional statistics identify the degree of dependence of 
variables like hookah smoking and their relative effect after 
controlling for confounders. This mode of presentation does not 
always indicate which elements would be of prime importance 
for future focused intervention. The machine learning, by spec-
ifying the nodes of the tree of decisions, presents a straightfor-
ward picture of importance. Studies examining health behaviors 
using this model have shown good results.

Machine learning has been extensively utilized in medical 
research, but less so in health behavior research and treatment 
[21-23]. We present a model-based machine learning that en-
ables the prediction of smokers based on eight features. We ob-
served that the top two significant features for the model that 
most likely reflects the importance a person attributes to health 
are “Average of general health knowledge” and “Vegetable 
consumption”. Using traditional statistical analysis, additional 
studies showed correlations between hookah smoking and nutri-
tion patterns. In addition, energy and alcohol consumption can 
predict hookah smoking in varying degrees. Similar findings 
emerged from other studies conducted in the United States and 
Canada [24,25]. The model generated by our study would serve 
health organizations to reach people with risk of smoking hoo-
kah and try to suggest different approaches to eliminate these 
phenomena. The model is non-expensive and relies on approxi-
mately eight questions.

Hookah smoking is a widespread behavior among adult Arab 
Israelis. We believe that in this specific population, the effort of 
health educators should focus on false image of the  of 
hookah smoked by the educated young and emphasize its major 
health risks.

Future studies should incorporate additional tools and mea-
sures that will reduce reporting biases.

Due to the lack of extensive research in Arab society in Israel 
in the field of health behaviors in general and hookah smoking 
in particular, this study is of particular importance in terms of 
the scope and data analysis methods used.

The study is based on a large sample that represents the Arab 
population in Israel and considers the unique characteristics of 
this population, such as the demographic composition, residen-
tial areas, and types of settlements. The study is based on face-
to-face personal interviews and thus reduces different types of 

biases. In addition, the study is a novelty in that it used the ma-
chine learning model in the context of health behavior.

It is important to note a major limitation of the study. Person-
al reporting of the respondents assessed the health knowledge 
level, personal health status, and economic status. Future stud-
ies should incorporate additional tools and measures that will 
reduce reporting biases. 

This study provides additional perspectives for understand-
ing the phenomenon of hookah smoking that is expanding in 
Israeli society in general and in Arab society in particular. It 
reinforces the existing knowledge as a basis for planning and the 
effort invested in promoting the health of this population as well 
as in developing a healthy public policy aimed at reducing the 
phenomenon. Knowing and understanding the factors that can 
predict this unhealthy behavior will greatly help focusing efforts 
on target groups with specific characteristics. Multidisciplinary 
treatment programs that include interventions for smoking re-
duction and cessation reduce morbidity and mortality from vari-
ous chronic diseases such as heart and respiratory diseases.

Hookah smoking is a widespread behavior among adult Arabs 
in Israel; therefore, we believe that in this specific population, 
the effort of health educators and promoters should focus on 
a false image of coolness of hookah smoked by the educated 
young and emphasize its major health risk.



 

 

 

 

Cell therapies have the potential to be effective at 
treating neurodegenerative conditions. However, the 
need for local delivery and the poor distribution of the 
transplanted cells hinders development. Shibuya and 
colleagues developed an efficient micro glia replacement 
approach in rodents using circulation-derived myeloid 
cells (CDMCs). The cells broadly incorporated in the 
brain and generated microglia-like cells more efficiently 

than bone marrow transplantation. In a mouse model 
of progressive neurodegeneration, CDMC-mediated 
microglia replacement reduced cell loss and brain 
inflammation, improved motor behavior, and extended 
life span. The results suggest that this approach might 
be therapeutic in multiple neurological conditions.

the immunological mechanisms that underlie its efficacy 
are poorly understood. Li et al. analyzed the innate and 

immunization stimulated potent antibody and antigen-
specific T cell responses, as well as strikingly enhanced 
innate responses after secondary immunization, which was 

that natural killer cells and CD8+ T cells in the draining 
lymph nodes are the major producers of this circulating 

dependent on signaling via Toll-like receptors 2, 3, 4, 5, 
and 7 nor inflammasome activation, nor the necroptosis 
or pyroptosis cell death pathways. Rather, the CD8+ T cell 

I interferon-dependent MDA5 signaling. These results 
provide insights into the molecular mechanisms by which 


