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Background: Women are increasingly participating in recreational 

scuba diving and the professional roles of women are expanding in the 

fields of aviation, space, and diving. Evidence exists that there may be a 

relationship between altitude decompression sickness (DCS) and the 

menstrual cycle, although diving studies to support such findings are 

limited. The aim of the present study was to investigate the presence of 

any relationship between the development of DCS in female sports 

divers, the phase of the menstrual cycle, and the use of the oral contra 

ceptive pill (OCP). Method: Personal, dive, symptom, and menstrual 

history details were collected by questionnaire from women treated with 

hyperbaric therapy for DCS in 23 treatment centers worldwide. Results: 

There were 150 records suitable for analysis. The phase in the menstrual 

cycle of the DCS incident was estimated. The DCS incidents were 

unevenly distributed throughout the cycle (p = 0.001) with the greatest 

percentage of incidents occurring in the first week of the menstrual 

cycle. The variation in incidence across the cycle appeared to be 

greatest for the non-OCP users (p = 0.01), and when age was taken into 

account there was a significant difference between the OCP and non-

OCP users with respect to risk of DCS across the menstrual cycle (p = 

0.03). Conclusion: These data suggest that the risk of DCS may be 

dependent on the phase of the menstrual cycle and that the distribution 

of risk differs between OCP and non-OCP users. 
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TNCREASING NUMBERS of women are participating 

A in sports diving (British Sub Aqua Club and Profes 
sional Association of Diving Instructors. Unpublished 

data; 2001). Additionally, careers are opening up to 

women in commercial diving (UK Health and Safety-

Executive. Ralph Mavin. Personal communication; 

2001) and, in many countries, military flying (4). A 

greater number of women than ever are, therefore, be 

ing exposed to the reduction in pressure that may place 

them at risk of decompression sickness (DCS). Several 

studies suggest that there may be a greater susceptibil 

ity to symptoms of DCS in women compared with men. 

However, the available evidence is inconclusive and 

conflicting. While some studies suggest a substantially 

greater risk associated with women (1-3,5), others sug 

gest little or no difference in risk (7,9-11,18,19,21). 

A small number of studies have investigated the ef 

fect of the menstrual cycle on the risk of DCS in women. 

Dunford and Hampson (7), Krause et al. (14), and 

Rudge (15) have indicated that the risk of DCS in 

women may be related to the phase of the menstrual 

cycle. In a study analyzing the development of symp 

toms of DCS in 81 women exposed to simulated altitude 

in a hypobaric chamber, Rudge (15) found a significant 

inverse linear correlation between the number of days 

since the start of the last menstrual period and the 

incidence of DCS. Krause et al. (14) also reported a 

correlation between menstrual day and DCS incidence 

in 62 females who developed DCS on exposure to a 

hypobaric environment, with the greatest probability of 

DCS developing on day two of the menstrual cycle. 

Dunford and Hampson (7) concluded that menses is a 

significant risk factor for hyperbaric chamber atten 

dants but, interestingly, not for recreational divers in 

open water. However, this conclusion was based on the 

menstrual history from just 9 female hyperbaric cham 

ber attendants and 24 female recreational divers with 

DCS. In one further study, while no effect of the men 

strual cycle was demonstrated, it was observed that all 

five female subjects who experienced hypobaric DCS 

were in menses or the early phase of their menstrual 

cycle (5). 

Furthermore, a small number of studies have at 

tempted to identify the effect of the oral contraceptive 

pill (OCP) on the incidence of DCS in women. The 

available evidence provided by these studies, however, 

is not conclusive. One retrospective study, based on 29 

women who had described symptoms but had not all 

required hyperbaric treatment, found that there was no 

difference in DCS between women taking the OCP and 

non-OCP users (1). In contrast, a study using data col 

lected between 1989 and 1995 of 956 women concluded 

that OCP users are significantly more likely to experi 

ence DCS if they scuba dive while menstruating (6). 

This was compared with non-OCP users who, it was 

concluded, are not at greater risk while menstruating 
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TABLE I. PERCENTAGE OF WOMEN REPORTING EACH 

SYMPTOM AND THE PERCENTAGE EACH REPORTING 

MODERATE OR SEVERE SYMPTOMS. 

Questionnaire Symptom % with % Moderate 

Category Symptom or Severe 

Skin itching/tingling 

Upper limb or joint pain 

Inappropriate fatigue or 

weakness 

Dizziness or disorientation 

Loss of sensation or numbness 

Lower limb or joint pain 

Problems with thinking, memory 

or performance 

Visual disturbances 

Other 

Chest pain or breathlessness 

Skin rash 

Difficulty in speaking 

Partial paralysis 

66 

61 

59 

46 

41 

38 

29 

23 

23 

20 

11 

9 

3 

33 

53 

74 

66 

45 

40 

52 

66 

79 

67 

23 

69 

75 

(6). Most recently, Webb et al. (19) reported that in the 

hypobaric environment, women using hormonal con 

traceptives were more likely to develop DCS than those 

not using hormonal contraception. They found that 

while there was no difference between the two groups 

during the first and second weeks of the menstrual 

cycle, in the last 2 wk the use of hormonal contracep 

tives appeared to double the risk of DCS. 

The limited evidence for a relationship between DCS 

and the menstrual cycle comes mainly from the hypo-

baric environment. Therefore, the aim of the present 

study was to investigate the relationship between the 

development of DCS in sports divers, the phase in the 

menstrual cycle, and the use of the OCP, together with 

the impact of any such relationship. 

METHODS 

A questionnaire was compiled, with the Center for 

Human Science's Local Ethics Committee approval, to 

gather personal, dive, symptom, and menstrual history 

details from female sports divers who presented at 

hyperbaric treatment centers with DCS. Hyperbaric 

treatment centers worldwide were contacted, and ques 

tionnaires distributed by the Diving Diseases Research 

Center (DDRC) to those treatment centers willing to 

participate in the study. Women diagnosed by the hy 

perbaric center's physician and treated for DCS with 

hyperbaric therapy were asked by the treatment center 

to complete and return the questionnaire prior to dis 

charge. The questionnaire asked subjects to record the 

details, including date and maximum depth, of up to 12 

dives prior to presentation of symptoms and indicate 

which of the symptoms in Table I they had experi 

enced. Respondents indicated whether the severity of 

each symptom was slight (barely noticeable), mild (no 

ticeable but did not interfere with normal activities), 

moderate (difficult to concentrate on normal activities), 
or severe (disrupted ability to perform normal activi 

ties). The time between the dive and onset of the symp 

toms was also recorded (while diving, within 30 min of 

surfacing, 30 min to 1 h after surfacing, 1 h after sur 

facing). Additionally, treatment details, usual length of 

the menstrual cycle, date of the first day of the last 
menstrual period prior to the incident, and OCP usage 

were recorded. Personal details including age, height, 

weight, smoking habits, and alcohol consumption were 

also gathered. Questionnaires were in confidence once 
completed by respondents. 

Completed questionnaires were returned to DDRC 

by participating hyperbaric chambers between April 
1997 and March 2001. In addition, treatment records of 
women presenting at the DDRC for diving DCS be 

tween 1986 and 1997 were scrutinized and records that 

contained all the necessary information were included 

with the questionnaire data. When the dive prior to the 
signs and symptoms of DCS was recorded as over 50 m 

or below 10 m, further details were obtained from the 
treatment chamber to verify the depth and treatment 

The data were transferred to a database by trained 
operators, and all record and data entry quality as 

sessed by additional technicians. 

Data Analysis 

The first day of the menstrual cycle, i.e., the first day 
of bleeding, was recorded as day zero. The number of 
days between the incident that resulted in diagnosis of 

DCS by the treatment center physician and subsequent 
hyperbaric therapy, and the first day of the last men 
strual period was calculated for all respondents. In 

order to compare the phase in which the DCS incident 
occurred in women with differing cycle lengths, the 

phases of the menstrual cycle were expressed as a num 

ber between 0 and 27, representing a 'standard cycle 
length in days.' The estimate of the phase in which the 
DCS incident occurred was calculated using the follow 
ing formula: 

Phase = 
28 X (D + 0.5) 

where D is number of days between the incident and 
the first day of the last menstrual period, and L is the 

recorded cycle length. A continuity correction of 0.5 has 
been applied. 

A logistic regression analysis was carried out to es 
tablish whether the risk of DCS was related to the phase 
of the menstrual cycle. In addition, the effects of OCP 
use, age, BMI, dive depth, and smoking were investi 

gated by including these variables as covariates in the 
regression model. Selection of the significant covariates 

was made using the stepwise-backward method. Where 
appropriate, data were checked to ensure the distribu 

tional assumptions for tests and analytical methods 
were met. 

The Chi-squared test was used to compare distribu 
tions of the data. In addition, the Kolmogorov-Smirnov 
test was applied as it makes no distributional assump 

tions and makes use of the ungrouped data (using 
instead the cumulative distribution function). 

RESULTS 

A total of 240 questionnaires were returned from 23 

hyperbaric treatment centers (7 from the USA, 2 from 
the Caribbean, 5 from Australasia, 1 from the Red Sea 
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Fig. 1. Number of women (non-OCP users & OCP users) developing 

symptoms each day of the menstrual cycle. 

region, and 8 from Europe). In addition, 28 retrospec 

tive records from DDRC hyperbaric DCS treatments 

were analyzed. Records were discarded if the questions 

were not completed that recorded the date of the dive 

resulting in DCS, usual length of menstrual cycle, date 

of the start of the last menstrual period, and use of the 

oral contraceptive pill. The only exception was those 

women on the OCP who had failed to state the length of 

their usual cycle; for these records a cycle length of 28 d 

was assumed, thereby allowing these records to be 

included. A total of 150 records were suitable for anal 

ysis. 

All data are reported as: range (mean ± SE). The age 

of the subjects at the time of the incident was 16-50 yr 

(29 ± 0.6), and the estimated BMI was 18-34 (23 ± 0.2). 

The cycle length of the non-OCP women was 23-42 d 

(29 ± 0.3) while OCP users reported cycle lengths of 

28 d. The depth of the dive prior to presentation of DCS 

was 2-174 m (23 ± 1.7). Out of the 150 respondents, 5 

reported maximum dive depths in excess of 50 m, and 

1 reported a dive depth in excess of 100 m conducted on 

Trimix. All dives deeper than 50 m were verified by the 

treating chamber. Confirmation of the requirement for 

hyperbaric therapy was sought from the treating cham 

ber when dives were less then 10 m. Although women 

were asked to give details of up to 11 dives prior to the 

incident, the information provided was not complete 

enough to allow for any data analysis regarding the 

influence of cumulative dives. Of the respondents, 25% 

smoked (maximum 30 cigarettes/d) and 61% reported 

that they consumed alcohol (maximum 6 units/d) on a 

regular basis. The distributions of age, estimated BMI, 

and smoking status of subjects were compared with the 

distributions observed in a population of 1,050 female 

sports divers (16) using both Chi-squared goodness-

of-fit tests and two-sample Kolmogorov-Smirnov tests. 

In addition, the depths of dives prior to reporting 

symptoms were compared with data from 37,555 dives 

completed by women during the period 1996-1999 (St. 

Leger Dowse. Unpublished data; 2000). There were no 

significant differences between the distribution of age, 

BMI, smoking status, or dive depth between the women 

in this study and the female UK diving population as 

reported by the St. Leger Dowse study (16; and St. 

Leger Dowse. Unpublished data; 2000). 

The number of OCP and non-OCP respondents de 

veloping symptoms by phase of the menstrual cycle is 

shown in Fig. 1. The number of respondents developing 

symptoms during each of the 4 wk of the standardized 

menstrual cycle was calculated. Fig. 2 shows the per 

centage of all respondents developing DCS during each 

of the 4 wk of the standardized menstrual cycle. The 

greatest percentage of DCS symptoms occurred during 

the first week of the menstrual cycle, the incidence of 

DCS then appears to fall with the greatest reduction 

being in week 3, the incidence then rises again in week 

4. A Chi-squared test for randomness across the 4 wk of 

the cycle and a one-sample Kolmogorov-Smirnov test 

for uniformity of the distribution of DCS both suggest 

that the distribution of all DCS incidents is not uniform 

throughout the cycle (p = 0.015 and p = 0.01 respec 

tively). 

OCP users made up 42% and non-OCP users 58% of 

the 150 respondents. Statistical analysis indicates a non-

uniform distribution of DCS cases across the menstrual 

cycle in the non-OCP group (Chi-squared test for ran 

domness p = 0.01 and one-sample Kolmogorov-Smir 

nov p = 0.01). In contrast, no significant difference 

could be found in the distribution of DCS across the 

cycle for those women using the OCP (Fig. 3), indicat 

ing that there may be an effect of OCP usage on the risk 

of DCS at different phases of the menstrual cycle. 

Further analysis was conducted to establish whether 

any of the parameters recorded affect the phase at 

which DCS occurs. A logistic regression of phase 

against OCP usage, age, BMI, smoking, and dive depth 

was performed, revealing that BMI, smoking, and dive 

depth had no significant effect. However, the combined 

effect of OCP usage and age were found to be signifi 

cant (p = 0.025) and neither covariate could be removed 

from the model without reducing the fit significantly. 

When age was taken into account, there was a signifi 

cant difference between the OCP and non-OCP users 

with respect to risk of DCS across the menstrual cycle 

(p = 0.03). 

Day in the menstrual cycle 

7 14 . 21 28 o 

1 2 3 

Week in the menstrual cycle 

Fig. 2. Percentage of women developing symptoms of DCS during 

each week of the menstrual cycle (bar chart), together with cumulative 

frequency. 
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Fig. 3. Percentage of women, both non-OCP users and OCP users, 

with DCS symptoms during the 4 wk of the menstrual cycle. 

Table I shows the percentage of women reporting 

each symptom, together with the percentage of those 

with moderate or severe symptoms. This table reflects 

the total of 643 symptoms reported by the 150 women. 

Of the symptoms listed in Table I, 90% of the women 

reported two or more, while 60% reported four or more. 

There were 2 women who reported developing at least 

10 of the 13 symptoms listed. Limb symptoms were the 

most frequently reported, with 69% of women report 

ing symptoms of upper or lower limb pain or both. 

Among all the symptoms, 29% began to develop within 

1 h of surfacing, 65% developed 1 h after surfacing, and 

only 6% manifested during the dive. Details of times to 

symptom onset were not collected beyond 1 h of sur 

facing; however, comparison of the date of incident 

with the date of treatment indicates that 77% of respon 

dents were treated within 2 d. It is of interest that in an 

additional 6% of respondents, it was apparent that 

treatment was delayed beyond 2 d as they had contin 

ued to dive after the incident. 

The 643 symptoms reported were then categorized 

into either limb (upper and/or lower limb pain), skin 
(rash and itch), pulmonary (chest pain and breathless-

ness), or neurological (all remaining symptoms). Table 

11 shows the percentage of subjects reporting each 

symptom type during each week of the standardized 

cycle. In addition, the time to onset for each symptom 

category is shown in Fig. 4. Kolmogorov-Smirnov tests 

were used to compare the cumulative distributions of 

each of the symptoms against the distribution of DCS 

across the menstrual cycle (Chi-squared tests were not 

TABLE II. PERCENTAGE OF WOMEN REPORTING A SYMPTOM 

WITHIN EACH CATEGORY DURING 

THE 4 WK OF THE CYCLE. 

Week of the Menstrual Cycle 

Limb pain (%) 

Skin (%) 

Pulmonary (%) 

Neurological (%) 

32 

32 

30 

30 

34 

32 

23 

29 

13 

14 

23 

16 

21 

22 

23 

25 

80, 

60-

, 40-

20-

n 

During dive 

<30 mins 

30 - 60 mins 

>60 mins 

Limb Skin Neurological 

Symptom category 

Pulmonary 

Fig. 4. Percentage of women reporting onset of limb, skin, pulmo 

nary, or neurological symptoms during the dive, within 30 min, between 
30 and 60 min, and after 1 h of surfacing. 

used as the expected values of the binned data were 

often too small). The distributions of the symptom 

groups across the menstrual cycle are not significantly 

different from the spread of DCS (minimum p > 0.23). 

When the data are further examined by pill usage, this 

pattern is repeated; no significant differences between 

the distribution of symptoms and the distribution of 

DCS were found for any of the symptom groups by pill 

usage (minimum p > 0.14). 

DISCUSSION 

This study investigated the hypothesis that the expo 

sure to the risk of DCS is uniform throughout the 

menstrual cycle; thus, 25% of all incidents would be 

expected in each week of the cycle. The results, how 

ever, suggest an effect of the phase of the menstrual 

cycle on the incidence of reported DCS in female sports 

divers. The overall reported incidence is highest during 

the first half of the cycle, then falling markedly during 

the third week, and rising again for the last week of the 

cycle. Previous research has shown that 7% of female 

sports divers refrain from diving while menstruating, 

and 12% of those diving reported undertaking more 

conservative dives while menstruating (16). This sug 

gests that if equal numbers of women were diving 

during each week of the standardized menstrual cycle, 

the incidence of DCS would be even greater in the first 

week than revealed in our results. 

Our data confirm results from previous hypobaric 

studies that concluded the greatest risk of DCS appears 

to be at the beginning of the menstrual cycle, particu 

larly for women taking the OCP (5,14,15). It also con 

firms Rudge's (15) results that the incidence of DCS 

appears to drop as the menstrual cycle proceeds during 

the first 3 wk. In addition, our findings confirmed those 

of Rudge, who concluded that the effect of the men 

strual cycle on the incidence of DCS was not symptom 

specific. In contrast with Rudge, however, who con 

cluded that the incidence of hypobaric DCS continues 

to fall throughout the menstrual cycle, our study found 

that the incidence rises again at the very end of the 
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TABLE El. NUMBER OF CASES OF DCS RECORDED DURING 

THE 4 WK OF THE MENSTRUAL CYCLE IN 

CURRENT STUDY AND RUDGE (15). 

menstrual cycle immediately prior to menstruation. Ta 

ble III illustrates this differing distribution across the 4 

wk of the menstrual cycle. When Rudge's data are 

examined in more detail, it can be seen that only 27% 

are OCP users compareckwith 42% in our study. This 
results in a relatively small sample size for his OCP 

group. In addition, Rudge's results are based on women 

under the age of 40 compared with this current study 

which included women up to the age of 50. When our 

data are filtered to exclude women over the age of 39, 

and the non-OCP groups from both studies are then 

compared, the distribution of DCS in the two studies for 

these women show a closer agreement. 

As far as we are aware, this study provides the only 

evidence to suggest an increase in DCS incidence im 

mediately prior to menstruation. However, there are a 

number of differences between this and previous stud 

ies which may influence the distribution of DCS inci 

dence (e.g., sample size, which is considerably greater 

in this study). In addition, the length of the usual cycle 

of each woman was known in our study, allowing the 

phase in the menstrual cycle of DCS incidents to be 

estimated for 150 respondents. It should also be remem 

bered that in this study, the sample population was 

taken from the general recreational diving population 

compared with previous hypobaric studies where sub 

jects could be assumed to have met defined USAF phys 

ical standards (14,15). Lastly, the incidence of DCS re 

sulting from the hyperbaric environment is being 

compared with that resulting from a hypobaric envi 

ronment. 

The variation in distribution across the menstrual 

cycle appears to be greatest for the non-OCP users in 

this study. When the distribution of DCS in OCP and 

non-OCP users are first compared, there is no signifi 

cant difference, which supports Bangasser's conclusion 

(1). However, our data suggest that there is a significant 

difference in the risk of DCS between OCP and non-

OCP users when age is taken into account. Indeed, 

when age is taken into account, there is an indication of 

a correlation between pill usage and the phase in the 

cycle when DCS occurs. The effect of pill usage appears 

to shift the occurrence of the DCS to later in the cycle 

compared with distribution of DCS in non-OCP users 

(Fig. 1). This finding is similar to that reported by Webb 

et al. (19). These results are contrary, however, to Doyle 

et al. (6), who concluded that while OCP users were 

significantly more likely to develop symptoms while 

menstruating, non-OCP users were not. The reason for 

the difference in the two studies is unclear, although the 

results of this study are based on more detailed men 

strual history data than that of the retrospective study 

of Doyle et al. Comparison of data from women taking 

the OCP, however, may be difficult as different OCPs 

have differing hormonal compositions and doses. 

The symptoms reported by respondents in this study 

were consistent with previous studies (8,17). The time 

to onset of symptoms, relative to the dive, did not differ 

between the 13 symptom types or the 4 symptom cat 

egories. The cases represented in the study were all 

reviewed by a hyperbaric physician who considered the 

symptom, or combination of symptoms, serious enough 

to require hyperbaric therapy. Treatment for DCS was 

verified by the hyperbaric treatment center when dives 

were less than 10 m in depth. While hyperbaric therapy 

instigated by a hyperbaric physician may not be defin 

itive evidence of DCS, we considered that it gives the 

most reliable method of providing a diagnosis for a 

questionnaire study such as this. 

In populations exposed to reduced ambient pressure 

(ascent to altitude or ascent from depth), the known and 

estimated incidence of DCS is relatively low 

(12,13,15,20). The largest population exposed to such a 

changing environment is that of sports divers, who are 

probably one of the best sources of data on DCS in the 

absence of a controlled laboratory study. Unfortunately, 

the majority of data collected by hyperbaric treatment 

centers in the past have not provided enough informa 

tion to allow correlation of the development of DCS 

symptoms with the day in the menstrual cycle. Addi 

tionally, experience from this study has shown that 

when women are requested to provide menstrual and 

dive data in enough detail to allow study of any rela 

tionship between DCS and the menstrual cycle, they are 

not always able to do so. Therefore, our understanding 

of the relationship between the menstrual cycle and the 

incidence of DCS would be furthered by more detailed 

and uniform data collection by hyperbaric treatment 

centers worldwide. 

The mechanism for the differing distribution of DCS 

across the menstrual cycle is not as yet understood. 

However, it does not seem unreasonable to assume that 

the changes in hormone levels throughout the men 

strual cycle may influence this distribution. This would 

be supported by our results that show that the variation 

is greatest in the non-OCP group. Furthermore, it can 

not be established whether the changes in hormone 

levels during the menstrual cycle protect against DCS 

during the third week, or exacerbate the risk during the 

first week. It is intended that data collection will con 

tinue using an extended questionnaire in order to pro 

vide a greater understanding in this area. 
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