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Abstract
Exposure to cold, dehydration, and aging are known to contribute to the 
development of decompression sickness (DCS) in divers. Hypertension and 
nicotine usage have also been suggested as risk factors. Vasoconstriction is an 
underlying mechanism associated with all of these risk factors. Vasoconstriction 
increases the degree of bubble formation which is believed to be the cause 
of DCS. Formed bubbles interfere with the production of nitric oxide which 
modulates vascular tone resulting in vasoconstriction. Divers commonly use 
sympathomimetic decongestants which induce vasoconstriction to prevent 
barotrauma of the ears and sinuses while diving and thus theoretically may 
contribute to the risk for developing DCS. The purpose of this case-control 
study was to explore the association between decongestant usage and 
development of DCS in 400 divers treated/evaluated at the University of 
Hawai‘i, John A. Burns School of Medicine between 1983 and 2010. Bivari-
ate and logistic regression analyses were employed to evaluate differences 
between cases and controls. In addition to the variable of interest, other 
co-variables known to have significant influence in the development of DCS 
were appropriately controlled for during the analyses. In this study population, 
dehydration (OR = 2.7; 95% CI: 1.1, 7.4), repetitive diving (OR = 2.8; 95% CI: 
1.8, 4.4), and violation of dive profiles (OR = 4.9; 95% CI: 3.1, 7.9) contributed 
independently and significantly to the development of DCS. The co-variables 
of cold, gender, obesity, and rapid ascents were not significant contributors to 
developing DCS in this study. There was a small but statistically insignificant 
risk associated with decongestant use (OR = 1.4; 95% CI: 0.8-2.6; P = .22). 
The inherent limitations associated with records-based studies may have 
underestimated this risk. It is important therefore that future research be 
undertaken to help clarify this concern.
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Introduction
Exposure to the underwater environment while diving with 
compressed gas incurs some risks. One of those risks is de-
compression sickness (DCS), which is believed to be caused by 
the formation of inert gas bubbles during decompression and is 
manifested by a broad array of symptoms which can result in 
severe morbidity, life-long disabilities, and even death.1, 2 Thus 
there are profound public health implications associated with 
these injuries. The precise incidence of decompression sickness 
is unknown. Researchers at the Diver’s Alert Network (DAN) 
at Duke University have demonstrated that the incidence rates 
for DCS have ranged from 1/10,000 to 1/20,000 dives with 
over 1,000 cases of DCS reported annually in the United States 
alone.3 In Hawai‘i, the average yearly number of cases treated 
for decompression sickness is about 50 cases.4 Approximately 
25% of these are classified as severe injuries resulting in sig-
nificant residual morbidity.5 Epidemiological researchers have 
shown that cold exposure, as well as dehydration and aging, 

increase the risk for developing DCS.6-10 Other epidemiologi-
cal studies have also implicated hypertension and nicotine use 
from smoking as risk factors for developing DCS.11-13 Koteng, 
et al, demonstrated that increased peripheral resistance result-
ing from vasoconstriction caused a greater degree of bubble 
formation during decompression.14 Each of these risk factors 
are associated with vasoconstriction which can alter the inert 
gas kinetics potentially leading to slower rates of off-gassing, 
increased bubble formation, and the development of DCS. 
Bubbles formed during decompression damage the endothelial 
lining of blood vessels and lower the production of nitric oxide 
which modulates vascular tone; in turn, the absence of nitric 
oxide results in vasoconstriction.15-18 The integrity and optimal 
functioning of the vasculature is a key factor in both on-gassing 
and off-gassing while diving.19 Several additional risk factors 
have been associated with the development of DCS including 
adiposity, gender, repetitive diving, violation of recommended 
depth and time limits (dive profile), and rapid ascent rates.1, 2, 8, 9

 A second and more common affliction in divers is that of 
barotrauma to the ears and sinuses.20-22 This results from poor 
equalization of the external water or ambient pressure with the 
internal pressures of the middle ear and sinus cavities. This oc-
curs because of blockage of the ostia of the sinuses and/or the 
eustachian tubes of the ears, which normally provide ventila-
tion to those air spaces.23 Up to 65% of divers report this type 
of injury.24 In order to prevent barotrauma, many divers use a 
sympathomimetic decongestant drug such as pseudoephedrine 
prior to diving. Researchers have found that 6% to 25% of divers 
routinely use these drugs while diving and another 30% occasion-
ally use them.25-27 These drugs mimic the sympathetic nervous 
system by stimulating increased production of norepinephrine 
from nerve endings or by direct stimulation of vascular smooth 
muscle to induce vasoconstriction. Specifically, these decon-
gestants stimulate alpha-adrenergic receptors embedded in the 
vascular smooth muscle and are referred to as alpha agonists.28 
However, their effects are not confined solely to those tissues 
for which they are targeted, but also produce systemic effects as 
well.29 Westerveld, et al, demonstrated in an in vitro study of rat 
lung macrophages, that the nasal decongestants oxymetazoline 
and xylometazoline inhibited nitric oxide synthetase production, 
thereby reducing nitric oxide production.30 As was previously 
mentioned, the absence or low levels of nitric oxide result in 
vasoconstriction.16 
 Lambertsen suggested that vasoactive medications might 
adversely impact the incidence of DCS.31 Thus, a hypotheti-
cal question ensues. Since vasoconstriction appears to be an 
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underlying mechanism associated with other established risk 
factors for DCS, could the use of sympathomimetic drugs while 
diving enhance the risk for developing DCS? The conventional 
thinking among diving medical experts is that it is probably 
safe to employ these drugs while diving.32 However, there is 
no scientific evidence to support this position despite these 
theoretical concerns. While these drugs have been studied to 
assess their effects on cognitive function and mental alertness 
while diving, no studies have been done to investigate their 
potential contribution to developing DCS. 33, 34 This study was 
undertaken to explore the possibility that use of sympathomi-
metic drugs during diving might increase the risk for DCS. 
Given the potential for long-term and sometimes catastrophic 
sequelae which may ensue from a case of DCS, there is a need 
to determine whether the use of these decongestants while div-
ing poses additional risk for development of this malady. Data 
on this relationship will allow appropriate safety policies to 
follow regarding their usage while diving in an effort to lessen 
risk potential.

Methods
A records-based, case-control study of 400 scuba divers was 
undertaken to compare sympathomimetic decongestant usage 
in divers treated for DCS (cases) with those who did not exhibit 
signs or symptoms of DCS (controls) after diving. Cases and 
controls were drawn from a cohort population of over 1600 
divers’ records resulting from evaluation at the Hyperbaric 
Treatment Center (HTC) at the University of Hawai‘i, John 
A. Burns School of Medicine between the years 1983 through 
2010. The study population consisted of recreational divers. 
The same data had been collected from each patient relative 
to their immediate diving history irrespective of whether they 
were diagnosed with DCS or something else. This study was 
approved by the university institutional review board and hu-
man use committee. 
 The independent variable was decongestant use during an 
incident dive. Decongestants were defined as those medications 
which contained any of the following compounds: pseudo-
ephedrine, oxymetazoline, phenylephrine, or xylometazoline.29 
Because most of these drugs are short acting, usually less than 
12 hours, drug use during the incident dive was defined as usage 
within 12 hours prior to the documented incident dive. For this 
particular exploratory study, no distinction was made between 
topical usage versus oral administration of the sympathomimetic 
drug, and equivalency of dose and route of administration was 
assumed. The dependent variable was DCS. 
 The estimated sample size for this study was determined 
using Cohen’s d. The effect size of .20 was selected based 
upon published studies of decongestant usage by divers which 
demonstrated that anywhere from 6% to 40% of divers may 
use these drugs.25-27 This effect size was a conservative estimate 
and led to a larger sample size requirement. By convention, an 
alpha level of .05 and power of .80 were utilized. 
 Cases were defined as those who were diagnosed and treated for 
DCS with records coded as 993.3 (ICD-9). Cases were restricted 

to those who were 18 years and older, and had completed at 
least one dive immediately prior to presenting for evaluation. 
Sampled cases came from randomly selected calendar years 
until 200 cases were identified. The years selected were 1988, 
1993, 1994, 1995, 1997, 2000, 2001, and 2007.
 Controls were those divers, 18 years and older, who had 
completed at least one dive immediately prior to presenting for 
evalaution, and were diagnosed with a diving related problem 
other than DCS. Controls came from the same randomly sampled 
years as the cases. They were randomly selected and matched 
with replacement on a 1:1 basis to cases based on age +/- 5 
years following a cumulative incidence sampling model.35 This 
procedure effectively limited the risk for selection bias while 
ensuring representativeness of both cases and controls. 
 Specific information collected from each subject record was 
the ICD-9 code of the final diagnosis, age, gender, dive profile 
(depth and time length of dive[s]), history of rapid ascent, 
whether the diver made repetitive dives, temperature at admis-
sion or whether the diver complained of being cold during the 
incident dive, height and weight, whether the diver dehydrated 
as measured by a urine specific gravity of 1.025 or greater and/
or receiving intravenous fluids, and whether the diver used 
decongestants during the incident dive(s). 
 Dive profiles were evaluated using the US Navy Diving 
Manual to determine whether the diver may have violated that 
profile36. This approach was taken to standardize the assessment 
of the dive profile. Height and weight were used to determine 
BMI and if that value was greater than 30, the subject was clas-
sified as being obese. All collected data, aside from age and 
gender, were converted to either “yes” or “no” dichotomous 
nominal values for data entry into EpiInfo version 3.5.3 (Centers 
for Disease Control and Prevention Atlanta, Georgia). 
 The ultimate aim of this study was to compare the proportion 
of decongestant users in cases, to that in controls, to ascertain 
whether the odds ratio suggested a potential association between 
sympathomimetic drug usage and the occurrence of DCS. Since 
other confounding variables such as obesity, being cold during 
the dive, rapid ascents, repetitive diving, and violation of dive 
profiles also influence whether a diver develops DCS, these 
were analyzed as well. Initial analysis assessed the frequencies 
with which these variables were found in both the cases and 
the controls. Each was subjected to bivariate analysis to assess 
their independent impact within this study population. Odds 
ratios were determined. As this study analyzed proportions as 
well as nominal data, the level of significance was determined 
using chi-square or Fisher’s Exact Test as required. Because 
the other co-variables may have played a role in combination 
with each other in the development of DCS, further analysis 
used logistic regression to determine the relative contribution 
of each co-variable in addition to the independent variable of 
this study. 

Results 
For the entire study population, the ages ranged from 18 to 66 
years with a mean age of 35.9 years and a mode of 34 years. 
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There were 285 males (71.2%) and 115 females 
(28.8%). Sixty-nine (17.3%) had used deconges-
tants. Violation of dive profiles occurred with 153 
(38.3%) divers. Rapid ascents were identified 
in 111 (27.8%) divers. Two hundred sixty-three 
(65.8%) made repetitive dives. Only six (1.5%) 
were categorized as being cold; 74 (18.5%) were 
found to be obese, and 25 (6.3%) were classified 
as being dehydrated (Figure 1).

Bivariate Analysis
The average age for cases was 36.1 years with 
a mode of 34 years while the average age for 
controls was 35.7 years with a mode of 34 years. 
Contingency tables were employed to analyze 
bivariate relationships between the independent 
and confounding variables and DCS and the 
consolidated results are depicted in Table 1. 
Significant findings are shown in bold.
 The bivariate analyses indicate that the co-
variables of dehydration, repetitive diving, and 
profile violation resulted in odds ratios which 
were statistically significant (OR = 2.7 95% CI: 
1.1, 7.4; P = .023; OR = 2.8 95% CI: 1.8, 4.4; 
P = .000; OR = 4.9 95% CI: 3.1, 7.9; P =  .000 
respectively). The resulting odds ratios for the 
independent variable of decongestant use as well 
as the co-variables of cold, rapid ascent, and 
gender did not achieve statistical significance. 
To further assess these variables to investigate 
any interactions which may have influenced these 
findings, logistic regression was performed using 
all the variables at first and reducing their number 
until the appropriate final model was ascertained.

Logistic Regression
Logistic regression was carried out to assess the 
inter-relationships of the relative contribution 
and probabilities of each of the co-variables and 
the independent variable to the development of 
DCS in this study population. For this analysis, 
backward logistic regression was undertaken by initially enter-
ing all the co-variables and running repeated calculations after 
elimination of non-significant variables until the final model 
was arrived at which contained only variables with significance. 
The final model is shown in Table 2 which also includes the 
independent (study) variable of decongestant use for comparison.
 The results of the logistic regression analysis indicate that 
dehydration, repetitive diving, and violation of dive profiles 
all contributed significantly to the development of DCS in this 
study population whereas the use of decongestants did not.

Discussion
Historically, the demographics and types, nature, and distribu-
tion of diving injuries seen at the HTC have mirrored those 

Figure 1. Frequencies of All Variables for Entire Study Population

Table 1. Results Bivariate Analyses Variables vs DCS
Variable Odds Ratio 95% CI Χ2 P-value

Gender 0. 0.6, 1.4 0.304 .581
Cold 5.1 0.6, 116.5 ** .212
Obese 0.7 0.4, 1.2 1.658 .198
Rapid Ascent 1.2 0.8, 1.9 0.609 .434
Repetitive Dives 2.8 1.8, 4.4 22.424 .000
Profile Violation 4.9 3.1, 7.9 53.223 .000
Dehydration 2.7 1.1, 7.4 5.149 .023
Decongestant Use 1.5 0.9, 2.6 2.113 .145

**Fisher’s Exact Test

Table 2. Final Logistic Regression Model including Independent Variable 
(Decongestant Use)

Co-variable OR 95% CI Coefficient SE Z-statistic P-value
Decongest Use 1.4 0.8, 2.6 0.36 0.30 1.21 .225
Dehydration 3.2 1.2, 8.5 1.17 0.50 2.35 .018
Repetitive Dives 2.4 1.5, 3.7 0.85 0.24 3.56 .000
Profile violation 4.3 2.7, 6.7 1.45 0.23 6.22 .000

reported throughout the country.4 The total study population of 
400 was comprised of 28.8% females and 71.2% males. This 
distribution of study subjects is consistent with the percentages 
of certified scuba divers based upon gender within the general 
diving population.37 No statistical differences were identified 
during the analysis of this data for any of the variables based 
upon gender. The average age for subjects who developed DCS 
was nearly identical to that of the non-DCS controls because 
of age matching, thus there is no concern that age differences 
may have influenced the outcomes. 
The findings for this case-control study indicate that only 
dehydration, repetitive diving, and violation of dive profiles 
were statistically significant contributors for the development of 
DCS. This was established in both the bivariate and multivariate 
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analyses of the variables. These findings do not imply that those 
variables other than the independent variable of decongestant 
use, which have been previously established as risk factors, are 
not of import to developing DCS, but rather indicate that in this 
particular study population, they did not play a significant role.
With respect to the variable of interest, decongestant usage, it 
was shown that 17.3% of the studied divers used these medica-
tions. This was slightly less than the expected 20% usage used 
to calculate the sample size for this study. It is unlikely that 
increasing the sample size for this study would have appreciably 
affected the overall percentage of divers who used decongestants. 
There were significant limitations in this study which may have 
influenced the outcome. Records-based studies are dependent 
upon the quality and thoroughness of the records.38 This cohort 
was amassed over a time period of 27 years during which time 
there were multiple evaluators who documented their findings in 
the records and the quality of the efforts to solicit all the patient 
information may not have been uniformly comprehensive. A 
lack of notation in the records of the use of decongestants was 
interpreted in this study as non-use so as to avoid overestima-
tion. It is possible however that some of those undocumented 
subjects had actually used these drugs which would lead to 
underestimation of the actual use and risk and in turn would 
favor the null hypothesis of this study and represents possible 
information bias.39 
 Berkson’s bias, or hospital admission bias, must also be 
considered.39 This situation extends from the fact that clinic 
records were used for this study for both cases and controls. It 
invites the question of representativeness of the sampling of 
the study population. With respect to cases, the vast majority 
of divers with DCS in Hawai‘i who develop DCS are treated 
at the HTC which is the only facility other than the US Navy 
which treats these injuries. So for cases of DCS, the data is 
assumed to be representative of the diving population; this is 
further suggested by the comparability of HTC’s DCS data 
to national trends for such injuries.4 For controls however, 
Berkson’s bias may be in play. Certainly it could be argued 
that those who served as controls were different than those in 
the general diving population in Hawai‘i. Because this was a 
retrospective study, it would have been impossible to obtain 
the specific, reliable data needed to conduct this study dating 
back to 1983 without very significant recall bias. To mitigate 
Berkson’s bias, controls were randomly chosen from the same 
randomly chosen years from which the cases were drawn. 
This also aided in ensuring that trends in sympathomimetic 
decongestant usage over the time span of this study would be 
similar in both cases and controls. 
 This study also made no attempt to distinguish between 
topical agents or those taken orally. Additionally, no effort was 
made to assess the specific dosages of the medications which 
were used or the specific timing of the administration of the 
drug within a 12 hour window prior to diving. Conceivably, 
any or all of these considerations might have a bearing on the 
outcome. However, this approach allowed for the opportunity 
to take an initial broad look utilizing the greatest number of 

exposures to determine whether the hypothesis had merit. Had 
this exploratory study demonstrated that use of sympathomimetic 
decongestants while diving did increase the risk for develop-
ing DCS, a more focused analysis looking at those additional 
parameters would be warranted.

Conclusions
Given the sample size and power of this study, it is reasonable 
to conclude that the use of sympathomimetic decongestants did 
not increase the risk for developing DCS whereas dehydration, 
repetitive dives, and violation of dive profiles were shown to 
significantly contribute to the development of DCS. The inher-
ent limitations associated with records-based studies may have 
biased the outcome and underestimated the risk associated with 
decongestant usage while diving in this study. It is important, 
therefore, that future research be undertaken to further clarify 
this concern.
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