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Abstract
The feminization of NATO forces has become a reality. Nevertheless women and men are quite different from a physiological, psychological and pharmacological point of view with consequences on sleep patterns and circadian time structure during SUSOPS and CONOPS. A wide review of the scientific literature shows that many differences concerning the sleep pattern, the sleep quality, and the circadian rhythms of many variables (temperature, hormones, etc…) exist between men and women. The available data suggest that women may have a lower resistance to sleep deprivation and to stress than men. Moreover, significant gender differences are described about the pharmacological properties of many drugs. For example hepatic metabolism is quite different between both sexes with a special mention for the cytochromes. A few papers deal with gender differences about hypnotics or stimulants from a pharmacological point of view, but almost nothing is known about the operational use of these drugs to optimize the management of women sleep -activity cycle in military settings.

Experimental results obtained with slow release caffeine are then presented. A French study dealing with the effects of slow release caffeine (SR-Caffeine) as effective countermeasure of sleep deprivation was led in the French Health Service. In this study, different doses of SR-Caffeine were tested against placebo in young healthy men and women. In this controlled cross-over study three doses of SR-Caffeine (150 mg, 300 mg, and 600 mg), given after an 18-hr continuous wakefulness,  were tested against placebo in 12 men and 12 women. The sleep-activity cycle was monitored by wrist actimetry, whereas sleep propensity and wakefulness were evaluated by determination of sleep latencies during a multiple sleep latency test and by spectral analysis. Wakefulness, sleepiness, and mood were evaluated by visual analogic scales.  Cognitive performances were studied with a standardized battery (AGARD STRES battery). Each variable was studied 2, 9, and 13 hours after the drug intake. Finally, a questionnaire about the immediate recovery sleep was also filled by the subjects.This study allowed to determine that the 300 mg dose of SRC was the most efficient dose to maintain wakefulness and cognitive performances, but also showed some differences between males and females. Women cognitive performance was lower at any tested dose of SR-Caffeine  with a greater percentage of errors for the grammatical reasoning test, a greater number of response failures for the spatial processing task, and a greater deviation index for the tracking task with two letters during the dual task. Females were globally more sensitive to sleep deprivation and to SR-Caffeine intake than males.

To conclude, further studies are obviously needed to improve our knowledge on gender differences using stimulants like modafinil or caffeine, to maintain wakefulness and/or hypnotics to promote sleep at erratic time spans during SUSOPS and CONOPS and then to adapt, if necessary, our recommendations about operational pharmacological management of rest-activity cycle in women.
1.
introduction

The feminization of NATO forces has become a reality. Nevertheless women and men are quite different from a physiological, psychological and pharmacological point of view with consequences on sleep patterns and circadian time structure during SUSOPS and CONOPS. 

The first part of the manuscript will be dedicated to a rapid overview dealing this gender differences in sleep, circadian rhythms, and pharmacology, whereas the second part will focus on the possible operational consequences of these gender differences in sustained operations (SUSOPS) and continuous operations (CONOPS) developed through experimental data dealing with the use of Slow Release Caffeine (SR-Caffeine) as pharmacological aid to maintain the vigilance and the cognitive performances at their best level during sleep deprivation.

2.
Scientific Background

2.1
Gender differences on sleep patterns

Young adult healthy sleepers show significant gender differences in polysomnographic sleep, with better sleep quality in women than in men, although subjective sleep quality does not differ most of the time [1, 2)]. Gender difference in SWS may emerge in young adults between age 30 and 40 [3]. A study in urban Greek couples using wrist actigraphy indicates that women had a later acrophase and a significantly stronger 24-h rhythm, despite similar nap and night time sleep schedules, compared to their male partners [4].

Women have higher power density than men in delta, low alpha, and high spindle frequency range [5]. Young healthy women (22-49 years) show a significantly higher percentage of spindles in the left frontal channel than men, with a wide interindividual variability [6]. 
These gender differences may have a neurohormonal origin. Indeed, a Fos-immunoreactivity study indicates that many hypothalamic nuclei including those that have been implicated in sleep regulation (VLPO, SCN) are estrogen-dependent [7]. Women taking hormonal contraceptives have less slow wave sleep (SWS) than naturally cycling women [8]. 

Data obtained from heart rate variability analysis suggest gender differences in autonomic balance during waking and sleep [9]. The decrease of vagal tone during waking and the increase of sympathetic dominance during REM sleep are not as important in women as in men.

There are also well-established gender differences dealing with sleep deprivation and its diurnal consequences. A sleep deprivation study using the psychomotor vigilance task shows for example that women exhibited slower reaction times than men [10]. Although sleep deprivation effects on EEG were milder in women than in men, some data suggest that women need more sleep than men to recover [11].

To summarize, women seem to present a more stable sleep than men. Nevertheless, gender differences in sleep patterns remains quite complex and further studies are still needed to understand contradictory differences observed between both sexes during sleep deprivation in operational conditions.
2.2 Gender differences on circadian time structure
Sex differences in sleep-wake periods are more pronounced when the rhythms are desynchronized then when they are internally synchronized. These differences may result of differences in the length of intrinsic period between temperature and sleep-wake rhythms. The intrinsic periods of sleep-wake rhythms are indeed shorter in women than in men, whereas the intrinsic periods of temperature rhythms are found identical in both sexes. The consequences of internal desynchronization may be therefore greater in women than in men [12]. In another study, fewer men than women exhibited a temperature rhythm desynchronized from 24 hours during control conditions. In addition, more women than men have an intrinsic period < 24 h during control [13]. 

Aging may affect the circadian timing system of males and females differently [14]. Elderly women show greater amplitude and higher peak of core body temperature (CBT) rhythm than men. In addition, an advance of CBT rhythm acrophase is more frequently observed in women, whereas the variability in acrophase is greater in men than in women.

Sex hormones receptors are present in the human suprachiasmatic nucleus. Estrogen and progesterone may therefore act directly on neurons of the main human circadian clock [15]. These biochemical mechanisms may probably explain the chronobiological gender differences which have been observed.
Women present a more pronounced morningness preference than men [16, 17]. Moreover, season of birth does not seem to influence morningness-eveningness preference in young women (students), like found in young men [18].

Melatonin secretion occurs at a constant rate in both young and older men and women with no significant gender difference observed for onset times of secretion or duration of secretion [19]. Nevertheless, the suppression of plasma melatonin night secretion by bright light (3000 lux) exposure is 40% greater in women than in men [20]. This differential effect is not found for dim light (200-500 lux) nocturnal exposure [21]. As a consequence, the reduction of the nocturnal decline of CBT during an acute exposure to bright light at night is clearly mediated by melatonin suppression in women [22].

To summarize, gender differences observed in circadian time structure are not in favour of women. This may explain at least in part the contradictory results mentioned above during sleep deprivation.
2.3 Gender differences on pharmacology
As stimulants and/or hypnotics have been proposed to maintain the vigilance level during SUSOPS and CONOPS, gender differences on pharmacology of these drugs have also to be taken into account.
2.3.1 Amphetamines

Repeated low-dose d-amphetamine leads to behavioural enhancement and tolerance. The response level is greater in women than in men [23]. This may have a hormonal origin. Indeed, the gonadal hormones estrogen and progesterone modulate dopamine (DA) activity in the striatum and nucleus accumbens in female rat, leading to an enhanced stimulated DA release through modulation of terminal excitatbility [24].

Acute and chronic administration of amphetamine causes phosphorylation of the transcription factor CREB, i.e. c-AMP response element binding protein, in striatum, a brain region important for the behavioural actions of the drug.  Amphetamine regulation of CRE activity differed dramatically between males and females [25]. This mechanism could be relevant for explaining gender differences in the psychomotor effects of amphetamines.

Women experienced a greater increase in diastolic blood pressure and feel more frequently nauseous than men with d-amphetamine intake [26].

2.3.2 Modafinil

The mechanism of action of modafinil is not fully known. Modafinil acts through the dopamergic system at least in part, like other stimulants. In that view, the awakening effect of modafinil depends on the catechol-O-methyltransferase (COMT) activity, which plays a key modulatory role in dopaminergic and noradrenergic neurotransmission. This enzymatic activity presents a marked sexual dimorphism. The low activity COMT genotype is more frequently observed in women narcoleptics, who often require lower doses of modafinil [27]. 

2.3.3 Caffeine
Caffeine metabolism via the 3-demethylation is sequentially catalyzed by cytochrome P4501A2 (CYP1A2), xanthine oxidase, and N-acetyltransferase 2 (NAT2). The CYP1A2 activity is lower in women than in men, excluding smokers and oral contraceptive users. The CYP1A2 activity is indeed higher in smokers than in non smokers, whereas it is lower in women using oral contraceptives, than in women not using oral contraceptives. No gender difference is found for the xanthine oxidase and N-acetyltransferase activities, except for poor metabolizers of NAT2, known as ‘slow acetylators’ [28, 29]. These pharmacological data explain at least in part why women are often more sensitive to caffeine than men.
Caffeine produces higher pain threshold and pain tolerance levels compared to placebo. Caffeine intake may be therefore more interesting in women than in man because of a lower tolerance to pain often observed in women. Furthermore, the association found between caffeine-related increase in systolic blood pressure and caffeine-related increase in pain tolerance is the strongest in women [30].

2.3.4 Hypnotics

Sex differences in the response to drugs affecting the GABAergic transmission have been described, mainly in rodents [31]. Comparable effects of benzodiazepines are generally obtained with lower doses in females than in males. The mechanism of action of benzodiazepines is modulated by the action of sex hormnones on central nervous system and testosterone may play a relevant role [32].

More recent hypnotics (Zolpidem, Zopiclone, and Zaleplon) have been proposed to promote sleep during military continuous operations (CONOPS). Few pharmacologic studies indicate that zolpidem pharmacokinetics and pharmacodynamics are not significantly influenced by gender in humans [33, 34]. There is no published study dealing with gender differences for zopiclone and zaleplon to our knowledge.

3. experimental results obtained with Slow release caffeine
3.1 Rationale

A French study dealing the effects of slow release caffeine (SR-Caffeine) as effective countermeasure of sleep deprivation was led by the French Health Service in the last past years. In this study different doses of SR-caffeine were tested against placebo in young healthy men and women, submitted to sleep deprivation
3.2 Methods
3.2.1 Subjects

24 healthy young subjects (mean age: 24 years) were involved in this experiment, i.e. 12 men (mean weight: 75 kg) and 12 women (mean weight: 58 kg). A low consumption of tobacco and coffee was tolerated (max.  4 cigarettes, and two cups of coffee per day respectively). The chronotype of the subjects was determined from the Horne & Östberg questionnaire [35]: 18 subjects presented an intermediate profile. Six subjects presented a tendency to morningness (3), or to eveningness (3).

3.2.2 Variables under study

Wakefulness, sleepiness, and mood were evaluated by visual analogic scales [36].  

Sleep propensity and wakefulness were evaluated by determination of sleep latencies during a multiple sleep latency test [37] and by spectral analysis. 

Cognitive performances were studied with the AGARD STRES battery  [38]. 

Experimental design

In this controlled cross-over study, three doses of SR-Caffeine (150 mg, 300 mg, and 600 mg) were given after an 18-hr continuous wakefulness and tested against placebo, using a double-blind procedure with randomization of the order of administration of the four therapeutic modalities. As the subjects served as their own control, they have therefore to perform the same protocol four times.

Each variable was then studied 2, 9, and 13 hours after the drug intake.

Statistical analysis
The data were analyzed by a repeated-measures ANOVA [39], followed by a Newman-Keuls test used as post-hoc test when a significant effect was detected by the ANOVA.
3.3 Results
Only Main significant results dealing with gender difference were reported here.

3.3.1 Subjective alertness and mood (Visual Analogic scales)
SR-Caffeine was efficient to reduce subjective sleepiness at any tested dose in both sexes. Women felt less alert, less strong, less clear-headed, less well-coordinated, less energetic, more mentally slow, and less proficient than men in all therapeutic modalities.
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Figure 1: Item  ‘Alert / Drowsy’ (Visual Analogic Scale)

SR-Caffeine was also efficient to improve contentedness at any tested dose in both sexes. Women felt less contented than men in all therapeutic modalities.

[image: image2]
Figure 2: Item ‘Contented / Discontented’  (Visual Analogic Scale)

3.3.2 Objective sleepiness (MSLT)
Sleep onset latencies decreased when sleep debt increased (index of sleep deprivation). SR-Caffeine increased sleep latency from a dose of 300 mG in both sexes. This effect appeared at a lower dose (150 mG) in women.


[image: image3]
Figure 3: Sleep onset latencies (MSLT)

SR-Caffeine reduced Theta activity recorded during the MSLTs at the highest tested dose (600 mG) in both sexes. This effect appeared at a lower dose of SR-Caffeine (300 mG) in women.
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Figure 4: Theta activity (Spectral EEG)

3.3.2 Cognitive performance (STRES Battery)
3.3.2.1 Memory search task
Response failures were more frequent in women than in man at any tested doses of SR-caffeine.
3.3.2.2 Spatial processing task
Response failures persisted at the lowest tested dose of SR-caffeine (150 mG) in women, whereas no response failure was detected under SR-caffeine in men.
3.3.2.3 Mathematical processing task
Mean reaction times were more elevated in women under SR-caffeine at any tested dose than in men.
3.3.2.4 Grammatical reasoning task

The Percentage of errors decreased under SR-caffeine vs. placebo in women, whereas it remained stable at a lower level in men.


[image: image5]
Figure 5: Percentage of errors (Grammatical reasoning task)

3.3.2.4 Unstable tracking task

The deviation index decreased under SR-caffeine vs. placebo in both sexes with an apparent dose effect, but remained at a higher level in women than in men (figure 6).
The control failures decreased under SR-caffeine vs. placebo in women, whereas they remained more stable and at a lower level in men. The amplitude of this decrease was smaller in men under SR-caffeine (figure 7).
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Figure 6: Index of deviation (Unstable tracking task)
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Figure 7: Control failures (Unstable tracking task)

3.3.2.5 Dual task (Memory search task + Unstable tracking task)

During the memory search task, the response failures were more frequent in women than in man at any tested doses of SR-caffeine.

During the unstable tracking task, the deviation index decreased under caffeine (vs. placebo) in both sexes with an apparent dose effect, but remained at higher levels in women than in men. Control failures decreased at 300 and 600 mG of SR-caffeine (vs. placebo) in women, whereas control failures remained stable and at lower levels in men.

3.4 Synthesis of the results
This study allowed to determine that the 300 mg dose of SR-caffeine was the most efficient dose to maintain wakefulness and cognitive performances, but also showed some differences between males and females. Women cognitive performance was lower at any tested dose of SR-caffeine with a greater percentage of errors for the grammatical reasoning test, a greater number of response failures for the spatial processing task, and a greater deviation index for the tracking task with two letters during the dual task. Females were globally more sensitive to sleep deprivation and to SR-caffeine intake than males.
4. CONclusions: PERSPECTIVES FOR AN ADAPTED LIGHT PHARMACOLOGICAL AID IN WOMEN during susops and conops
Significant gender differences exist on sleep patterns and circadian temporal organization. Women seem to present a more stable, and perhaps also less flexible sleep than men, when they are submitted to sleep deprivation. Women seem also more sensitive to internal desynchronization than men in the same conditions. These physiological data probably explain at least in part why women generally need a longer time to recover than men.

Pharmacological gender differences dealing with the drugs envisaged for operational use have been also reported. Women may be more sensitive than men to modafinil, caffeine, and benzodiazepines intake, due to the pharmacologic properties of these drugs. No significant gender differences have been reported for the recent hypnotics (zolpidem) on the other hand. It seems therefore necessary to envisage a reduction of the doses in women, when these drugs are used in SUSOPS and/or CONOPS as pharmacological aid. Nevertheless, this hypothesis needs to be verified with specific studies simulating operational conditions. In that way, the experimental data about SR-caffeine we reported, should be considered as preliminary data in this settings. Further studies are obviously needed to improve our knowledge on gender differences using stimulants, like modafinil or caffeine, to maintain wakefulness or hypnotics to promote sleep at erratic time spans during SUSOPS and CONOPS and then to adapt, if necessary, our recommendations for operational pharmacological aid in women.

Finally, laboratory studies will never resolve the problem of the wide interindividual variability and susceptibility encountered with these drugs acting on the central nervous system. As pharmacological aid to sustain vigilance has been recently officially approved in Fance, we recommend a systematic individual trial of these drugs before operational use to detect unexpected individual side effects and also to adapt the dose if necessary.
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