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Effects of Smoking on Acute Hypobaric Hypoxia Tolerance
Sigara Kullaniminin Akut Hipobarik Hipoksi Toleransi Uzerine Etkisi
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Background: Smoking may impair oxygen transport ability of blood and airway destructions might be seen in long term smokers.
After 1-3 cigarette smoking, it leads to a rise in carboxyhemoglobin level in blood,and it has a negative effect such as taking extra
5,000-8,000 feet altitude. Thus, it is thought that smoking before or in-flight may contribute to altitude hypoxia. The objective of
this study was to evaluate the effects of smoking on acute hypobaric hypoxia tolerance at 30,000 ft. simulated altitude.

Materials and Methods: This study was planned prospectively, and a standardized survey that consisted of smoking status
and demographic characteristics of subjects was applied before the procedures. Aircrews are exposed to high altitude during
“Hypobaric Hypoxia Training” in an altitude chamber. Pulse oximeter measurements were done to analyze oxygen saturations
during different stages of the hypoxia trainings.

Results: Seventy eight male healthy aircrews were included in this study. Twenty five (32.1%) of subjects stated that they were
currently smoking (4.9%2.6 years). Hypoxic pulse oximeter mean values of the Nonsmoker Group were higher than those of
the Smoker Group (p>0.05). The three most frequently checked symptoms were numbness, tingling and perspiration among all
participants. Flushing was the most frequent symptom in the Smoker Group while numbness was the most frequent symptom in
the Nonsmoker Group. Both early and late symptoms among pilots were higher in the Smoker Group (p>0.05). More symptoms
were checked among smokers during hypoxia exposure in this study(p>0.05).
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Conclusion: Our results might be attributed to hypoxia sensitiveness of smokers, and the use of tobacco products by aviation
personnel was considered to be disadvantage in aviation environment. Because of this, doctors who carry out aviation
examinations and practise preventive medicine in aviation field should be aware of the importance of this issue. The influences
of carboxyhemoglobin on hypoxia tolerance might be better observed at lower altitudes if this study would have been redone at
18,000 and 25,000 simulated altitudes.

Keywords: hypobaric hypoxia training, smoking, altitude tolerance, hypoxia tolerance

Amag: Sigara kullanimi kanda oksijen transportunu bozdugu gibi uzun donem kullaniminda solunum yolu harabiyetine neden
olur. Bir ile U¢ arasinda sigara i¢imi kanda karboksihemoglobin seviyelerini artirir ve 5.000-8.000 ft. daha yuksek irtifada
bulunuyormus gibi negatif bir etki olusturur. Boylece, ugustan hemen 6nce veya ugus sirasinda sigara icilmesi irtifa hipoksisini
arttirabilir. Bu calismanin amaci 30.000 ft. simiile irtifada olusan hipobarik hipoksi toleransina sigara kullaniminin etkilerinin
degerlendirilmesidir.

Gereg ve Yontemler: Prospektif planlanan bu calismaya baslanmadan once kisilerin demografik 6zelliklerini ve sigara kullanim
durumlarini sorgulayan bir anket calismasi uyguland. irtifa odasinda icra edilen hipobarik hipoksi egitimi sirasinda havacilik
personelleri yiiksek irtifaya maruz kalmaktadirlar. Calismamizda, hipoksi egitiminin cesitli safhalarinda kan oksijen sattrasyon
degisimlerininanaliziigin pulse oksimetre dl¢timleriyapilmis ve 6l¢iim sonuglari sigara kullanim durumlarina gore karsilastirilmistir.

Bulgular: Bu ¢alismaya 78 saglikli erkek havacilik personeli dahil edildi. Katilimcilardan 25°i (%32,1) sigara kullandigini belirtmistir
(4,9%2,6 yil). Sigara kullanmayanlarin hipoksik pulse oksimetre ortalamalari sigara kullananlara gore yiiksek bulunmustur (p>0,05).
Tum katilimcilar arasinda en sik isaretlenmis olan ¢ semptom uyusma, karincalanma ve terlemedir. Sigara kullanan grupta en sik
isaretlenen semptom ates basmasi iken sigara icmeyen grupta en sik isaretlenen bulgu uyusma olmustur. Katilimcilar arasinda
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hem erken hem de geg¢ hipoksi semptomlari sigara i¢en grupta daha fazla bulunmustur (p>0,05). Bu calismada hipoksi maruziyeti
sirasinda sigara icenler daha fazla semptom isaretlemistir (p>0,05).

Sonug: Bizim sonuglarimiz sigara kullananlarin irtifa hipoksisine daha duyarli oldugunu dustindlirmektedir. Diger taraftan
havacilik personelinde sigara kullanimi sikliginin normal poptlasyona benzerlik gostermesinden oturu sigara kullanimi havacilik
ortaminda dezavantaj olarak kabul edilebilir. Bu nedenle, havacilik muayenelerini gerceklestiren ve havacilik alaninda koruyucu
hekimlik icra eden doktorlarin bu durumun oneminin farkinda olmasi gerekmektedir. Karboksihemoglobinin hipoksi toleransina
etkileri daha dusik irtifalarda daha iyi gozlemlenebilir ve bu calismanin 18.000 ft. ve 25.000 ft. simiile irtifalarda tekrarlanmasi

ile istatistiksel anlamli sonuglar elde edilebilir.

Anahtar Kelimeler: hipobarik hipoksi egitimi, sigara kullanimi, yiiksek irtifa toleransi, hipoksi toleransi

Introduction

There are four types of hypoxia. Respiratory problems or
scarcity of the oxygen impair alveolocapillary diffusion and
lead to hypoxic or hypobaric hypoxia. Transport deficiencies
of the oxygen or the blood to the tissues lead to Hypemic or
stagnant hypoxia. When utilization of the oxygen in the cells
is degraded, it is called histotoxic hypoxia. Acute hypoxia in
aviation is generally caused by low partial oxygen pressure
(PO,) at high altitudes. Hypoxia impairs consciousness and
psychomotor functions of the aviators and risks aviation
safety.

It is thought that respiratory function impairments and
airway destructions, as is seen in long term smokers or in
many diseases of respiratory system, may contribute to
hypoxia. Smoking before or in-flight may impair oxygen
transport ability of blood. After 1-3 cigarette smoking, it leads
to a rise in carboxyhemoglobin level in blood, and it has a
negative effect such as taking extra 5,000-8,000 feet altitude
(1,2). So, this is expected to reduce hypoxia tolerance of the
aviation personnel.

The objective of this study was to evaluate the effects of
smoking on acute hypobaric hypoxia tolerance at 30,000 feet
simulated altitude.

Material and Methods

Research Design

This study was planned prospectively, and subjects were
fully informed about the procedure and written consent was
taken. Each stage of the research was carried out based on
the Declaration of Helsinki, and the Committee of Clinical
Research Ethics approved the study (Number: 1491-1268-
11/1539, Date: 21/02/2011). A standardized survey that
consisted of smoking status and demographic characteristics
of subjects was applied before the procedures.

After routine medical examinations, aircrew are
enrolled in the aerospace physiology trainings. One of
these trainings is “Hypobaric Hypoxia Training” and in

this training, aircrews are exposed to 30,000 feet altitude
equivalent hypobaric environment in an altitude chamber.
Ten aircrews attend hypoxia training in one session and
experience hypoxia to learn counter measures. Hypobaric
hypoxia training starts with 30 minutes of 100% oxygen
pre-breathe for denitrogenation via tight fitted oronasal
aviation mask. After denitrogenation, immediate ascend
and descent to/from 5,000 feet simulated altitude
procedure is performed for any possible barotrauma
problem before the procedure that is called “sinus check”.
Unless any ear or sinus barotraumas do not occur in any
of trainees, ascending continues until the 30,000 feet
simulated altitude (5,000 feet/min climb rate) is reached.
Inside chamber, operators breathe 100% O, during all
phases of the training while trainees breathe 100% O, in
all phases of the training except hypobaric hypoxia test
period (Figure 1).

At the training altitude, 2 or 3 trainees take off their
masks and start solving provided hypoxia test sheet while
the other trainees observe the hypoxia training. The hypoxia
training is terminated when the trainees become succumb or
pulse oximeter value (Sp0O,) decrease to 60%. Inside operator
puts the trainees’ oxygen mask on unless trainees recognize
hypoxia and recover by themselves.
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Figure 1. Hypobaric hypoxia training profile
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Subjects

Aircrews who were admitted to physiological trainings
were in the same medical and physical standards as they
had the similar education. All subjects passed aero-medical
examination and had the medical report of “fit to fly” before
the physiological trainings.

Procedure

We used noninvasive pulse oximeter to analyze the
blood oxygen saturation changes of the subjects during
different stages of the hypoxia training. First pulse oximetry
measurements (PreTrP) were performed before the training,
second measurements (AltP) were performed at training
altitude before taking off the oxygen masks, and last
measurements (HypP) were done at training altitude after
hypoxia test before mask on (Figure 1). We used point
merging puzzles for hypoxia test. During the hypoxia test,
subjects completed the first puzzle in approximately one
minute and they checked or wrote the early symptoms that
they felt at that moment below the first puzzle. Later trainees
continued to the second puzzle and checked or wrote late
symptoms that they felt at that moment below the second
puzzle (Figure 2).

Statistical Analysis

The study data were edited in Microsoft® Excel
software and Statistical analysis was performed in
SPSS® data analysis software. The Kolmogorov-
Smirnov normality test was used for all parameters. The
Independent Samples t-test or Mann-Whitney U test was
used in between-groups analyses,and the Paired t-test or
the Wilcoxon t-test was used in within-group (Pre/Post
exposure) analyses. The chi-square test and Fischer’s
Exact test were also executed for statistical significance.
A value of p<0.05 was considered to be statistically
significant.

Results

Eighty eight male aircrews were admitted to physiological
trainings. A total of 10 subjects were excluded from the
study because 2 trainees did not properly fill or return
the questionnaire, 3 in-flight medical events (2 emesis, 1
epistaxis) led to the cancelation of hypoxia training sessions
of 5 more trainees.

So, seventy eight male healthy pilot aircrews whose ages
varied between 21 and 24 years (mean: 22.53*0.6) were
included in this study. Their heights were ranged between
170 cm and 194 cm (mean: 178.83 cm #5.2) and weights
ranged between 56 kg and 98 kg (mean: 72.83%7.7). Body
mass index values were calculated and ranged between
17.28 and 28.39 (mean: 22.75%1.9).

In this study, smoking status of the subjects was
questioned and 25 (32.1%) of 78 subjects stated that they
were currently smoking (4.9£2.6 years). Study results were
grouped according to smoking status and presented in Table
1. During training, Hypoxic Pulse values of the Nonsmoker
Group were higher than those of the Smoker Group, but it
was statistically insignificant (p>0.05). Other results were
very close in both groups (p>0.05) (Table 1).

All subjects completed the first puzzle that took about one
minute for each subject to solve. Four subjects in Smokers’
Group (SMK) and five subjects in Non-SMK could not complete
the second puzzle and did not check the symptom they felt
at that moment. When we analyzed these nine subjects who
did not check late symptoms, three of them were in SMK and
four of them were in Non-SMK who already checked early
symptoms.

The three most frequently checked symptoms were
numbness, tingling and perspiration among all participants.
The symptoms that were widely checked by the subjects in
SMK at early phase were flushing, perspiration, numbness,
visual disturbances, and headache. Additionally, frequently
reported symptoms in SMK participants at the late phase
were numbness, dizziness, flushing and tingling. The
symptoms that the Non-SMK mostly checked at the early
phase were dizziness, numbness, perspiration, and tingling.

NAME-SURNAME
TURKISH AEROSPACE MEDICAL CENTER
HYPOXIA TOLERANCE TEST

1-Join the numbered dots below 1-50 ina row and then write down what the picture resembled.

FORMNO.

Confusion
Shivering Euphoria Poor Judgment
2-Join the numbered dots below 1-94 in a row and then write down what the picture resembled.

52
Sh sy 83 36

%

Figure 2. Hypoxia test sheet
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Also, frequently reported symptoms in Non-SMK participants
were anxiety, shivering, perspiration, numbness and tingling
at the late phase. Both early and late symptoms among pilots
were higher in SMK group (p>0.05). Flushing was the most
frequent symptom in SMK group and numbness was the most
frequent symptom in Non-SMK group (Table 2).

Discussion

Many chemicals, which are considered to be toxic and
carcinogenic, are released during the combustion of tobacco.
The best known of these substances are tar and carbon

Table 1. Study results according to smoking status.

SMK Non-SMK
Variables n n p
Mean = SD Mean = SD
Age 22.40%0.6 22.58%0.6 0.19**
BMI 22.99+1.8 22.63%1.9 0.43*
Hb 2 14.88+1.0 >3 14.800.7 0.69*
Htc 45.46%2.6 45.48+2.4 0.97*
PreTrP (SpO,) 21 98.43%1.1 47 98.7¢1.0 0.36**
AltP (SpO,) 55 99.44%2.2 53 99.79%0.8 0.57**
HypP (Sp0O,) 65.32%6.6 66.11£5.8 0.49™
SMK: Smokers’ Group, Non-SMK: Non-Smokers’ Group. *Independent sample t-test **Mann-Whitney U test BMI: Body mass index, hb: Hemoglobin, Htc: Hydrothermal
carbonization

Table 2. Frequencies and percentage of the Hypoxia symptoms according to smoking status

SMK NON-SMK Al
Early Late Total Early Late Total Total
HYPOXIA
>N | sympToms within | oK | Within SMK 1 Within Within 2:47( Within :;:IT( Within Within
Symptoms i Symptoms s Symptoms | Symptoms | Pilots | Symptoms | Pilots | Symptoms Symptoms
N=25 N=21 N=53 N=48
n | % % n % % n | % n | % % n | % % n % n
1 Breathlessness |0 | 0 0 3 | 545 | 1429 |3 385 |3 |5 5.66 4 | 430 |833 5 394 |8
2 Anxiety 1 323 |4 4 7.27 19.05 4 | 513 4 |6.67 | 755 7 7.53 14.58 8 6.30 | 12
3 Fatigue 2 645 |8 4 7.27 19.05 5 6.41 2 3.33 | 3.77 6 6.45 | 125 7 5.51 12
4 Confused 1 323 | 4 3 5.45 14.29 4 5.13 4 | 6.67 | 755 5 5.38 | 10.42 7 5.51 11
5 Shivering 0 |0 0 2 | 364 |9.52 2 |25 |6 |10 1132 |7 | 753 | 1458 |10 |787 |12
6 Numbness 3 1968 |12 7 | 1273 | 3333 |9 |1154 |7 |11.67 |13.21 |24 | 2581 |50 28 | 2205 | 37
7 Dizziness 2 | 645 |8 6 | 1091 | 2857 |8 |[1026 |7 |1167|1321 |5 |538 |1042 |9 709 | 17
8 Nausea 2 | 645 |8 3 | 545 | 1429 |4 |513 |2 |333 |377 4 | 430 |8.33 4 3.15 |8
9 Headache 3 1968 |12 0 |0 0 3 [385 |3 |5 5.66 2 215 | 417 4 315 |7
10 | Euphoria 0 |0 0 0 |0 0 0 |0 0 |0 0 0 |0 0 0 0 0
11 | Visual 3 1968 |12 |3 |545 1429 |6 |769 |2 (333 |377 |5 |538 (1042 |6 |472 |12
Disturbances
12 | Flushing 6 |19.35 |24 6 | 1091 | 2857 |9 |1154 |5 |833 |943 6 | 645 | 125 10 |787 |19
13 | Tingling 2 645 |8 6 10.91 | 28.57 8 1026 |7 | 11.67 | 13.21 |8 8.60 | 16.67 13 10.24 | 21
14 | Perspiration 4 1129 |16 5 9.09 23.81 9 11.54 |7 | 1167 | 1321 |7 753 14.58 12 9.45 21
15 | PoorJudgment | 2 | 645 |8 3 | 545 1429 |4 |513 |1 |167 |189 |3 |323 |6.25 4 [315 |8
TOTAL 31 | 100 |52 55 | 100 | 76.2 78 | 100 60 | 100 | 39.6 93 | 100 | 70.8 127 | 100 | 205
p 0.336" 0.774* 0.336" 0.774*
SMK: Smokers’ Group, Non-SMK: Non-Smokers’ Group, *» ** Chi-square test and Fisher’s Exact test
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monoxide. Carbon monoxide (CO) that presents in cigarettes
leads to oxygen deficiency in cells in two ways. Firstly, CO
has 250 times greater affinity to hemoglobin than O, and
smoking reduces oxyhemoglobin rate while increasing
carboxyhemoglobin rate in the blood. Secondly, it has directly
toxic effects on the tissue cells. Even very low levels of CO
pressure like 0.6 mmHg in the air can be fatal (3). Smoking
may cause anemic hypoxia and aggravate hypoxia symptoms
4).

Smoking is the leading cause of many different health
issues within society. The World Health Organization states
that many types of cancers, heart diseases,and lung diseases
have been associated with smoking. More than 7 million
people die from tobacco related diseases in each year (5). In
2020, a total of 31.2% of adults (approximately 16 million)
aged 15 years and older were currently smoking in Turkey.
Prevalence was higher among men (47.9%) than women
(15.2%). Approximately 12 million men and 4 million women
smoked tobacco. (6). The use of tobacco products among
aviation personnel is similar to that of the normal population
(7). In addition, it was reported that smoking was also the risk
factor for cardiovascular diseases in a study conducted on
commercial pilots (8).

Deussing et al. (9) administered a survey to naval aviators
and of the 566 aviators who completed the survey before the
aviation physiology training, 112 (20%) reported experiencing
hypoxia symptoms in a tactical jet aircraft and 64 aviators (57%)
indicated that they were not wearing the required oxygen
mask when the incident first occurred. Cable GG executed a
study in “Australian All Aircraft Safety Occurrence Reports”
data base for investigation of hypoxia as a factor between
1990 and 2001. During this period, 27 reports of hypoxia were
filed, involving 29 aircrew. Consciousness was lost in only
two cases, and one of these resulted in a fatal accident. Most
incidents (85.1%) occurred in fighter or training aircraft with
aircrew who used oxygen equipment routinely (10). Hypoxia
has long been recognized as a significant physiological threat
at altitude and flight mishaps can be attributable to hypoxia.
Regarding this, “Hypoxia Familiarization Training” remains a
vital component of aircrew trainings.

Yoneda et al. (11) conducted a study in 152 nonsmoking
males who were divided into 2 groups as juniors and seniors.
The mean age of juniors group was 26.8+0.5 years and the
mean hypoxic saturation rate of them was reported as 58.4%
#0.9 (11). Our Non-SMK groups resembles the Yoneda’s
junior group, but all subjects of our study were younger than
Yoneda’s junior group (22.58+0.6 years vs. 26.8+0.5 years) and
hypoxic saturation rates were higher in our study (66.11%
+5.8 vs.58.4% +0.9).

Smoking may decrease hypoxia tolerance and may have
negative effects on the safe operation of the aircraft. In

this aspect, we investigated the effect of smoking (Carbon
Monoxide) on the oxyhemoglobin saturation in this study.
There were no statistically significant differences detected
in PreTrP, AltP and HypP parameters between SMK and Non-
SMK groups. All three-oxygen saturation means of Non-SMK
subjects were slightly higher than those of SMK, but these
differences were not statistically significant (p>0.05). These
results may be resulted from a negative effect of Carbon
Monoxide (CO) due to chronic cigarette smoking. We have
also considered that the absence of statistical significance
between these two groups might have been caused by the
low number of the subjects and 30,000 feet very high study
altitude. At these altitudes, saturation of the oxyhemoglobins
known to be reduced to the level of 60% and the characteristics
of unsaturated hemoglobin dissociation curve may give rise
to this result.

In Deussing et al. (9) study, the three most common
recorded in-flight hypoxia symptoms were tingling (54%),
difficulty in concentrating (32%), and dizziness (30%). In
Cable GG’s study,the most common reported symptoms were
cognitive impairment, dizziness/lightheadedness, paresthesia
and unwellness (non-specific) (10). In Yoneda et al. (11) study,
flushing and thinking impairment were the most frequently
observed symptoms (more than 80%), while nausea and
euphoria were the least common (less than 10%).0n the other
hand, in our study, we also address the subjective symptoms
that may appear in hypoxic environment of aviation. Also,
in this study, the three most common symptoms for all
participants were numbness, tingling and perspiration and
the least common reported symptom was euphoria in our
study. Our results were concordant with published literature.

Yoneda et al.(11) executed another study on 590 nonsmokers
and 582 smokers. The mean age of Non-SMK and SMK were
33.5%9.9 years and 33.2%9.2 years, respectively. Subjects were
asked to fill out the questionnaire concerning the symptoms
that they felt during hypoxia after the completion of the
training. The intensity of subjective symptoms during hypoxia
was placed in the rank order. The order is almost the same
for both groups. Non-smokers showed significantly sensitive
responses to the five symptoms of thinking impairment,
visual impairment, fatigue, dyspnea, and tremor (12). The
participants experience transient amnesia during altitude
hypoxia but in Yoneda’s 1997 study, survey was completed
after full recovery from hypoxia. We considered this was a
limitation for Yoneda’s study. However, in our study, 2 surveys
were filled out during hypoxia to exclude phenomena of the
hypoxic amnesia. Flushing was the most frequent symptom
in SMK group, numbness was the most frequent symptom in
Non-SMK group in present study. In contrast to the Yoneda’s
study, more symptoms were checked among SMK subjects for
both in early and late phases of hypoxia in this study. This
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might be attributed to hypoxia sensitiveness of SMK subjects.
We considered that this situation could be considered as a
disadvantage of smokers in aviation environment.

Conclusion

In response to the efforts of many anti-smoking
organizations, several states and local governments have
passed ordinances to restrict smoking in many public places,
putting warning labels on tobacco packaging,collecting more
tobacco taxes, and banning on advertising, promotion, and
sponsorship for tobacco products (13). Antismoking efforts
also put in aviation sector. The ICAO approved to prohibit
smoking on international commercial flights by the 15t of July
1996. Too many airlines and governments have proposed a
rule that would extend the prohibition of cigarette smoking
in all commercial flights (14). On the other hand, the use of
tobacco products in aviation personnel is similar to that of
the normal population. Because of this,doctors who carry out
aviation examinations and practise preventive medicine in
aviation field should be aware of the importance of this issue
and well know the tobacco cessation treatment (7).

Because of the technical difficulties and standard training
procedures, we performed this study at 30,000 feet altitude.
We have considered that statistically significant results may
have been gained if this study would have been redone at
18,000 and 25,000 simulated altitudes. In these altitudes,
oxygen saturation would be higher and the influences of
carboxyhemoglobin on hypoxia tolerance could be better
observed.
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