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Introduction

Hookah, a kind of smoked tobacco product, has been used 
widely, especially in Middle Eastern countries since the 16th 
century; became very popular among young people all over the 
world after the 1990s (1). Studies have demonstrated that hookah 
smokers have little knowledge about the impact of hookah on 
health, and even many of them have false beliefs that hookah 
smoking is less harmful than cigarette smoking (2,3). However, 
unlike cigarettes, using charcoal as a heating source in hookah 
causes hookah smokers to inhale charcoal combustion products 
in addition to products originating from the tobacco mixture (4). It 
was found that a single session of hookah smoking contains many 
times more carbon monoxide (CO), nicotine, and carcinogenic 
polycyclic aromatic hydrocarbons (PAH) than the smoke of a single 

cigarette (4). Exposure to such toxins is associated with numerous 
disorders, such as cancers, respiratory illnesses, cardiovascular 
disorders, but there are also acute effects of hookah smoking on 
vital parameters (5). Increased blood pressure and heart rate and 
decreased perfusion index (PI) were some of the vital changes 
observed due to hookah smoking (6,7). 

Pleth variability index (PVI) is a non-invasive, dynamic measurement 
that is calculated by measuring changes in PI during a complete 
respiratory cycle (8). PVI is affected by physiological factors, such 
as circulating blood volume, vascular tonus, and intrathoracic 
pressure changes. Many of the studies in the literature focused on 
the relationship between PVI and the volume status of patients 
(8,9). However, some studies have evaluated changes in vascular 
tonus and hemodynamic parameters with PVI under different 
clinical conditions in normovolemic patients (10,11). 
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Abstract
Aim: Hookah smoking is increasing all over the world, and it can cause many health problems that are rarely known to be experienced by 
smokers. The aim of this study was to evaluate the acute impact of hookah smoking on hemodynamic parameters using perfusion index (PI) 
and pleth variability index (PVI).

Materials and Methods: This prospective observational study was conducted in a hookah cafe with 84 participants. Systolic blood pressure 
(SBP), diastolic blood pressure (DBP), pulse, oxygen saturation (SpO2), carboxyhemoglobin (COHb) PI, and PVI values of the participants were 
measured immediately before and 30 min after hookah smoking. 

Results: Sixty-three (75%) participants were male, and the median age was 26 [interquartile range (IQR) 22-29]. There were no significant 
changes in SBP, DBP, pulse, and SpO2 following hookah smoking. There was a 2% (IQR 2-3) increase in COHb level (p<0.001) and a 1.4% (IQR 
0.6-0.4) decrease in PI value (p=0.02) with hookah smoking. No difference was detected in PVI value with hookah smoking (p=0.3). 

Conclusion: Hookah smoking caused a significant decrease in the PI and an increase in COHb levels. Conversely, PVI did not change with 
hookah smoking. It should be known that hookah is a harmful, not innocent, tobacco product that can cause many hemodynamic changes.
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The aim of this study was to evaluate the acute impact of hookah 
smoking on hemodynamic parameters using PI and PVI.

Materials and Methods

This was a prospective observational study conducted in a 
hookah cafe that was operating in accordance with the relevant 
legal regulations (according to relevant regulations, smoking of 
tobacco products must be done in open area). This study was 
conducted in accordance with the Ankara Keçiören Training and 
Research Hospital Clinical Research Ethics Committee (decision 
number: 2012-KAEK-15/1785, date: 26.12.2018). Participants 
were not encouraged to smoke hookah in any way. People who 
had already come to the relevant cafe to smoke hookah were 
included in the study. Participation was voluntarily. Written 
informed consent was obtained from the participants. 

Study population: Volunteers aged between 18 and 40 were 
included in the study. Pregnant and lactating women, persons 
with known chronic comorbid diseases, and volunteers with a 
hookah smoking period of less than 30 min were excluded.

Study process: First, the participants rested for 5 min in the 
sitting position. At the end of the 5th min blood pressure 
was measured from the left arm (Omron M3 Comfort Hem-
7134-E®); simultaneously pulse, oxygen saturation (SO2), 
carboxyhemoglobin (COHb), PI, and PVI were measured from 
the 4th digit of the right arm with a non-invasive pulse oximeter 
(Masimo Root Rainbow Set®). Measured values and demographic 
variables of the participants were recorded on the study forms. 

Participants were advised not to smoke any other tobacco 
product and not to drink beverages containing alcohol while 
smoking hookah. Alcohol-free beverages were freely consumed. 
The researchers did not intervene in the hookah smoking 
style, inhalation frequency, and inhalation duration of the 
participants. At the end of 30 min hookah smoking, all the 
parameters mentioned above were measured again using the 
same technique. 

Sample size estimation: The sample size of the study was 
calculated using G*Power v3.1.9.7 software. The calculation was 
performed using Cohen’s medium effect size. To determine the 
differences in PI and PVI among hookah smokers, a medium 
effect size (d=0.5), 1% type I error, and 95% power two-tailed 
calculation was performed. The sample size was calculated as 
75. To prevent protocol violations, it was decided to include 84 
participants in the study. 

Statistical Analysis

Statistical analyses of the study were performed using SPSS 
for Windows 20. The distribution of normality was tested with 

Kolmogorov-Smirnov test, and continuous variables were defined 
as median and interquartile range (IQR). Categorical variables 
were defined as case numbers and percentages. Analyses 
between categorical variables were tested using the chi-square 
test, and analyses between dependent continuous variables 
were tested using the Wilcoxon signed-rank test. P value <0.05 
considered statistically significant.

Results

Among the 84 participants, 21 were women, and the median age 
of all participants was 26 (IQR 22-29). Nearly three-fourths of the 
participants were cigarette smokers. The demographic data of 
the participants are summarized in Table 1. 

There was no difference in systolic blood pressure, diastolic blood 
pressure, pulse rate, and SpO2 between before and after hookah 
smoking. On the other hand, there was a significant increase in 
COHb levels in the participants after hookah smoking (p<0.001). 

There was a significant decrease in the PI after hookah smoking 
[5.7 (IQR 2.8-7.8) and 4.3 (IQR 2.2-7.4), before and after hookah 
smoking, respectively, p=0.02]. There was also a decrease in the 
PVI value of the patient with hookah smoking, but this difference 
was not statistically significant [27 (IQR 21-32) and 24 (IQR 19-31), 
before and after hookah smoking respectively, p=0.3]. Changes 
in the vital parameters with hookah smoking are summarized in 
Table 2. 

Differences among basal (before hookah smoking) COHb levels 
and PIs of participants with and without cigarette smoking habits 
were evaluated. The median COHb level was significantly high in 
cigarette smokers [5 (IQR 3-7) and 2 (0-3.25), cigarette smokers 
and non-smokers respectively, p<0.001]. Conversely, there were 
no significant differences among the basal PI, basal PVI, delta 
(difference between before and after hookah smoking) PI, and 
delta PVI values of the participants with and without cigarette 
smoking habits. Data were summarized in Table 3. 

Table 1. General characteristics of the participants

Variable 

Gender n (%)
	 Male 
	 Female 

63 (75)
21 (25)

Age (year) (median IQR 25-75) 26 (22-29) 

Height (cm) (median IQR 25-75) 175 (170-180) 

Weight (kg) (median IQR 25-75) 76 (67.25-85) 

Cigarette smoking n (%)
	 Yes
	 No 

62 (73.8)
22 (26.2)

IQR: Interquartile range
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Discussion

This study, in which the impact of single session hookah smoking 
on vascular tonus and hemodynamic parameters using PVI was 
evaluated, had two main results. First, we demonstrated that 
hookah smoking causes a decrease in the PI. Second, there 
was a decrease in PVI with hookah smoking, but this was not 
statistically significant. 

Hookah, which may seem like an innocent habit by smokers, 
is a tobacco product with serious side effects on health in the 
acute and chronic periods. To the best of our knowledge, the 
first study on the impact of hookah smoking on vital parameters 
was conducted in Jordan in 1999 (12). Shafagoj et al. (12) 
demonstrated increases in heart rate and systolic and diastolic 
blood pressure with hookah smoking in otherwise healthy 18 
hookah smokers. Similar results have been observed in many 
studies (13-15). Nicotine by increasing sympathetic activity is 
thought to be the mechanism responsible for hemodynamic 
changes in hookah smoking (6). Similar to the literature, despite 
not being statistically significant, there was an increase in the 
heart rate and blood pressure of the participants after hookah 
smoking in our study.

Another harmful effect of hookah smoking is increased 
carboxyhemoglobulin (COHb) levels (16). Yıldırım et al. (16) 

showed an increase at COHb level from 0 (IQR 0-6) to 22 (IQR 
6-44) with 30 min hookah smoking. In another study, researchers 
compared the end-tidal carbon monoxide (eCO) levels of 
cigarette smokers (5 cigarettes in 30 minutes), passive cigarette 
smokers, hookah smokers (for 30 minutes), and passive hookah 
smokers and showed that the mean increases at eCO levels were 
9.4+/4.6 (p<0.005), 3.5+/2.5 (p<0.05), 57.9+/27.4 (p<0.005), 
and 13.3+/4.6 (p=0.03), respectively (17). These studies show 
us that CO production due to hookah smoking is many times 
greater than cigarette smoking; and hookah smoking may lead 
to subclinical CO poisoning in hookah smokers. In a study that 
analyzed the content of the mainstream smoke of hookah, it was 
demonstrated that a single hookah smoking session contains 
143 mg CO; which was 12.6 mg in average in a single cigarette 
(18). Likewise, there was an increase in the COHb levels of the 
participants after hookah smoking in our study. In addition, basal 
COHb levels were higher in participants who smoked cigarette.

When the impact of hookah smoking on the PI was researched, 
there was only one study on this subject in the literature; and 
according to the best of our knowledge, our study is the first to 
investigate the impact of hookah smoking on PVI. Martinasek et 
al. (7) demonstrated that the mean PI decreased from 3.1% to 
2.7% (p=0.002) after visiting a hookah lounge. That was the only 
study about the effect of hookah on PI; but it had an important 
limitation. Measurements were performed while entering and 

Table 3. Difference among carboxyhemoglobin level and perfusion parameters between participant with and without cigarette 
smoking habit

Parameter Cigarette smokers Cigarette non-smokers p value

Carboxy hemoglobin level (%) 5 (3-7) 2 (0-3.25) <0.001

Basal** perfusion index (%) 5.8 (2.8-8.1) 5.4 (2.6-7.1) 0.5

Delta*** perfusion index (%) 27 (20.75-33.25) 26 (21.5-29) 0.6

Basal** pleth variability index (%) -0.4 (-3.5-1.8) -1.5 (-2.2--0.2) 0.3

Delta*** pleth variability index (%) -2.5 (-8-5.2) -0.5 (-7.2-5.2) 0.4

*All the data given as median and IQR 25-75
**Basal means the value, before starting to hookah smoking
***Delta means the difference between the measurement done before and after hookah smoking

Table 2. Changes in vital parameters due to hookah smoking

Parameter Before hookah smoking After hookah smoking p value

Systolic blood pressure (mmHg) 119 (107.75-127.75) 117 (106-126.75) 0.1

Diastolic blood pressure (mmHg) 77.50 (71.25-85.75) 78 (70-86) 0.7

Pulse rate (beat/minute) 87.50 (80.25-97) 90.50 (78.50-98) 0.5

Oxygen saturation (%) 97 (96-97) 97 (96-97) 0.1

Carboxy hemoglobin level (%) 4 (3-6) 6 (5-9) <0.001

Perfusion index (%) 5.7 (2.8-7.8) 4.3 (2.2-7.4) 0.02

Pleth variability index (%) 27 (21-32.5) 24 (19-31) 0.3

*All the data were given as median and IQR 25-75, IQR: Interquartile range
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leaving of a hookah lounge, and the time spent in there varied 
between 32 and 314 min. Our results are similar to those of this 
study. The reason for the decrease in PI with hookah smoking 
might be due to the increase in vascular tone. Rezk-Hanna et al. 
(19) demonstrated that hookah smoking led to a decrease in skin 
blood flow by 23%, as a consequence of the acute vasoconstrictor 
effect of nicotine.

PVI is a parameter derived from the PI based on the difference 
between the minimum and maximum PI values over a sufficient 
period of time (20). Therefore, in the case of a decrease in 
the PI, an increase in PVI is predicted. However, despite the 
decrease in the PI, no significant change in PVI was observed 
in our study. This finding might be due to other variables 
that may affect PVI indirectly, such as respiratory variations, 
arterial and venous distensibility, local skin microcirculation, 
and sympathetic nervous system activity (21). Hookah smoke 
contains many different chemicals like tar, nicotine, PAH, and 
CO, and these chemicals affect these variables in different 
ways; nicotine causes vasoconstriction on the skin, and CO 
causes vasodilation (18). Therefore, the cumulative effect of 
chemicals may have prevented the expected unidirectional 
change in PVI. 

Study Limitations

The most important limitation of this study was that it did 
not standardize the hookah smoking style (smoke inhalation 
frequency and duration) of the participants. In addition, 
according to relevant legal regulations, consumption of tobacco 
products may only be open air. It is possible that being outdoors 
reduced the amount of smoke inhaled. Although participants 
were warned to not smoke any other tobacco product during the 
study period, we did not know the amount of tobacco products 
they were exposed to or consumed in the immediate past. 
However, given the very limited data on this subject, we believe 
that our study is valuable. 

Conclusion

This study demonstrated that hookah smoking caused a 
significant decrease in the PI and an increase in COHb levels. 
Conversely, PVI did not change with hookah smoking. It should 
be known that hookah is a harmful, not innocent, tobacco 
product that can cause many hemodynamic changes.
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