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TASK

Domain: Acute psychological stress, Adrenalin (Epinephrine)

Echelon: Healthy male

Tasks Studied: Endocrine response to an acute psychological stress (a first-time parachute jump)

Cognitive Framework: Continuous physiological measurements

METHODOLOGY

Study Goal: To investigate the stress-induced changes in sympathetic adrenal and pituitary hormones and to evaluate the time kinetic of these changes.

Study Procedure: All subjects performed the first time parachute jump in tandom (i.e., the subjects were secured in front of an experienced tandom master). Subjests were not exposed to intensive physical load at any time during the study.

Boarding time was 20 minutes in advance of the jump. The ascent to an altitude of 3500 meters above sea level took 15 minutes. Jumpers had 45 seconds of free-fall time until the parachute was released and approximately 5 minutes under the open parachute until landing. 

Two hours before the jump a venous catheter was inserted. Blood samples were drawn continuously at a rate of 1 ml/min with a constant withdrawal pump via an iv catheter. The catheter was connected to a heparinized silicon tubing, and blood was collected in lithium heparin tubes containing glutathione. Every 10 minute the tubes were changed, centrifuged at 4 C, and aliquots of plasma samples were stored at -70C until assayed. Blood samples were obtained from 120 minutes before to 60 minutes after the jump and analyzed for plasma concentrations of Epinephrine (E), Norepinephrine (CE), cortisol, GH, PRL, and TSH. In addition heart rate was recorded.

Number of Subjects: 43 (healthy male volunteers with normal medical histories)

Arms of Study: To evaluate endocrine responses and to provide more detailed time kinetics due to acute psychological stress.

FINDINGS

Performance Moderator Variables: Acute psychological stress (first-time parachute jump), time

Performance Moderator Functions (PMF):  Continuous-time measurements of plasma concentration level of sympathetic adrenal and pituitary hormones.

The plasma concentration of hormones and heart rate determined from 120 minutes before to 60 minutes after the jump at 10 minute intervals are shown in the following figure (on page 1957).  Heart rate and Epinephrine level peak during the jump itself and quickly return to the normal level. Other hormones show a lag of 10 to 20 minutes. 
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Fig. 1 Heart rate frequencies (4) and plasma concentrations of E(B),
NE(€), and cortisol (D) before, during, and after the jump at 10-min
intervals from 120 min before to 60 min after jumping. Data are
expressed as mean = 8 (—)




Modeling Technique: Analytical

Lessons Learned: Heart rate and Adrenalin level in blood stream responses quickly to the acute psychological stress as they peak when the stress occurs.

PMF Validity Info: The sample is limited to small number of young, healthy male volunteers. Other researches suggest hormonal response to psychological stress may differ according to the experimental protocol (especially depending on the kinds of stressors – public speaking, mental stress, and taking examination.)

ORIGINAL ABSTRACT

A first-time parachute jump was chosen as a model to evaluate the endocrine response to acute psychological stress. In 43 inexperienced tandem parachutists, blood was drawn continuously from 2 h before to 1 h after the jump and analyzed at 10-min intervals for plasma concentrations of epinephrine (E), norepinephrine (NE), cortisol, GH, PRL, and TSH. In addition, heart rate was recorded throughout the experiment. There was a significant increase in heart rate and E concentrations during the jump itself. NE, cortisol, GH, PRL, and TSH peaked with a latency of 10-20 min. Apart from cortisol and TSH concentrations, which were still elevated 1 h after the stress event, plasma levels of the other endocrine variables normalized within 1 h following the jump. Statistically significant cross-correlations could be observed between E and NE (r = 0.60, no time lag) and between E and PRL (r = 0.58, 10-min time lag) only. Even in a very homogenous group of subjects and under well-controlled conditions, endocrine responses to acute psychological stress show considerable variations.
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TASK

Domain: Effects of Khat chewing, Cathinone, Circadian rhythm

Echelon: Yemen, Acute Myocardial Infarction patients

Tasks Studied: Survey of individual traits and comparison between Khat chewing and non-chewing groups among the acute myocardial infarction patients

Cognitive Framework: Trait-based

METHODOLOGY

Study Goal: To compare Khat chewing and non-chewing group’s individual traits.

Study Procedure: Patients admitted to the intensive care unit of Al-Thawra hospital, Sana’a, Yemen with acute myocardial infarction (AMI) between November 1995 and November 1997 were divided into two groups (khat chewers and non-chewers). Various measures of medical and other individual traits are compared.

Number of Subjects: 157

Aims of Study: To compare Khat-chewing and non-chewing AMI patients in order to examine the association between khat-chewing and AMI.

FINDINGS

Performance Moderator Variables: Chewing Khat

Performance Moderator Functions (PMF):  Two main differences are found: Age distribution and peak period of AMI symptom onset.

	
	Khat-chewers
	Non-chewers

	Average age (distribution)
	47 (21 percent were 20’s and 30’s)
	55 (none for age groups of 20’s and 30’s)

	Peak period of AMI symptoms
	During the afternoon, commencing at around 3pm, continuing until 9pm, then declining a trough at 3am
	A progressive increase from 3am to 9am; gradual decline after 3pm; none after 9pm till midnight


Modeling Technique: Descriptive

Lessons Learned: Khat chewing sessions usually commence in the early afternoon and may extend into the evening. Considering the effects of raised plasma cathinone concentration (increase in blood pressure and heart rate) that peaks after 1.5 – 3.5 hours after chewing khat, this study presents consistent evidence about the effects of Khat chewing.

PMF Validity Info: Not a controlled clinical trial. The subjects are limited to those who suffer from AMI.
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TASK

Domain: Chewing Khat leaves, subjective and cardiovascular effects, Cathinone

Echelon: Healthy aldult male (volunteers naïve to the drug)

Tasks Studied: Both subjective and cardiovascular effects of chewing khat leaves

Cognitive Framework: Controlled (balanced and double-blinded) clinical trial

METHODOLOGY

Study Goal: To examine the effects of chewing khat

Study Procedure: 

Before Experiment: Subjects underwent medical and psychiatric examination together with evaluations of their propensity for drug abuse; Subjects were requested to refrain from psychotropic drugs for the three preceding weeks and to avoid alcoholic and stimulating beverages during the night before the experiment.

Treatment and Placebo: Subjects were (double-blindly) given either fresh khat leaves or khat placebo (the amount is adjusted for body weight to achieve the same level of cathinone per body weight). They were instructed to continuously chew either fresh khat leaves or khat placebo for one hour without swallowing the residue.

Measurements: Blood samples were drawn at every 20 minutes until about 9 hours since subjects began to chew the leaves. The subjective drug dffects were assessed at baseline, and 30 ,90, 150, and 450 minutes (an eight scale subset of  a modified version of Addiction Research Center Inventory scales and four 10 cm visual analog scales). Systolic and diastolic blood pressures and heart rate were monitored continuously at intervals of 5 minutes during the first 2 hours and at intervals of 15 minutes in the last 5 hours.

Two Sessions: Each subject participated under double-blind conditions in two experimental sessions separated by 7 to 10 days. The sequence of khat placebo and active khat was balanced.

Number of Subjects: Six (healthy male volunteers naïve to the drug. Mean age is 30.

Arms of Study: To provide objective evidence for the amphetamine-like stimulatory effects of khat leaves.

FINDINGS

Performance Moderator Variables: Chewing khat leaves, plasma cathinone level

Performance Moderator Functions (PMF):  

Plasma concentration of cathinone (the most important pharmacologically active component in fresh khat leaves) after chewing khat leaves are shown in the below:

1. Pharmacokinetic Results

Maximal concentrations of cathinone (127[mean] ( 53 [SD] ng/ml) were attained after 127 ( 30 minutes. The area under the plasma concentration-time curve from 0 to 9 hours was 415 ( 207 ng / ml ( hr, and the terminal elimination half-life was 260 ( 102 minutes.
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Fig. 1. Mean plasma concentrations of cathinone, norephedrine, and norpseudephedrine after

chewing standardized khat leaves (equivalent to 0.8 mg cathinone/kg body weight). The data rep-
resent mean values of six subjects.




2. Results of Subjective Effects

A main effects of active khat (observed in the the Addiction Research Center Inventory (ARCI) scales) were (statistical significance in the parenthesis):


Amphetamine-Effect (p < 0.01)


Stimulation-Euphoria (p < 0.01) 


Stimulation-Motor (p < 0.02)


Abuse-Potential (p < 0.06)

These results are shown in the following graph:
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Fig. 2. Mean scores of the effect of chewing standardized khat leaves (equivalent to 0.8 mg cathi-
~ none/kg body weight; solid symbols) and placebo khat leaves (open symbols) on the subscales
‘ Amphetamine-Effect, Abuse-Potential, Stimulation-Euphoria, and Stimulation-Motor of the Ad-
~diction Research Center Inventory. Each data point represents the mean value of six subjects.
: ANOVA indicated a main effect of active khat leaves.




The visual-analog scale showed that subjects felt more excited and energetic after chewing active khat leaves. Two specific scales found statistically significant are:


Exited-Calm (p < 0.01)


Energetic-Lethargic (p < 0.01)

In terms of graph:
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Fig. 3. Mean scores of the effect of chewing standardized khat leaves (equivalent to 0.8 mg cathi-
none’/kg body weigllt; solid symbols) and of placebo khat leaves (open symbols) on the visual an-
alog scales: Excited, 100 mm; Calm, 0 mm; and Energetic, 100 mm; Lethargic, 0 mm). Each ~
data point represents the mean value of six subjects. ANOVA indicated a main effect of active
khat leaves. '




3. Blood Pressure and Heart Rate Results

With the onset of chewing, a slow increase in systolic blood pressure, diastolic blood pressure, and heart rate was observed persisting for approximately four hours. Change in heart rate was not statistically significant (p < 0.28). The changes in blood pressure coincided well with the presence of cathinone in plasma as shown in the following graph:
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Fig. 4. Effect of chewing standardized khat leaves (equivalent to 0.8 mg cathinone/kg body
weight; solid symbols) and placebo khat leaves (open symbols) on diastolic and systolic. blood
pressure. Each data point represents the mean value of six subjects. ANOVA indicated a main

effect of active khat leaves.




Modeling Technique: Analytical

Lessons Learned: In this controlled study, khat chewing is related to the amphetamine-like stimulatory effects (increased energy and alertness). This study also document that these effects coincide with the plasma concentration of cathinone.

PMF Validity Info: 4 – despite the small number of samples, the study follows strict double-blind, balanced clinical trial protocol.

ORIGINAL ABSTRACT

OBJECTIVES: To show the subjective and cardiovascular effects of khat leaves

having a standardized content of cathinone. BACKGROUND: The main effect of khat

is an increase of energy and alertness. This effect is thought to be

attributable to the phenylalkylamine cathinone, but no controlled clinical

trials have been published. DESIGN: The design was balanced and double blind.

Six drug-naive volunteers received a single dose of khat corresponding to 0.8

mg/kg body weight, as well as alkaloid-free khat as a placebo. Psychologic

effects were evaluated by the Addiction Research Center Inventory (ARCI) and

visual analog scales. Physiologic measures were systolic blood pressure,

diastolic blood pressure, and heart rate. Plasma concentrations of cathinone and

its metabolites norephedrine and R,R-(-)norpseudoephedrine were determined by

HPLC. RESULTS: Maximal plasma concentrations of cathinone (127 +/- 53 [SD]

ng/ml) were attained after 127 +/- 30 minutes. The area under the plasma

concentration-time curve from 0 to 9 hours was 415 +/- 207 ng/ml.hr, and the

terminal elimination half-life was 260 +/- 102 minutes. An effect of khat was

observed in the ARCI scales Abuse Potential (p < 0.01), Motor Stimulation (p <

0.02), Amphetamine-Like Effect (p < 0.005), and Stimulation-Euphoria (p <

0.005), as well as in the visual analog scales Excited-Calm (p < 0.001) and

Energetic-Lethargic (p < 0.001). CONCLUSIONS: Our results provide objective

evidence for the amphetamine-like stimulatory effects of khat leaves. These

effects were closely similar to those observed after cathinone, 0.5 mg/kg body

weight, although peak plasma concentrations of cathinone after khat were

delayed.
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TASK

Domain: Physiology

Echelon: Armed Personnel

Tasks Studied: Foot matches

Cognitive Framework: Trait-based

METHODOLOGY

Study Goal: As a field manual (a guide for commanders and their staffs in the procedures and techniques), this book lays out best practices of foot marches. In this abstract, we extract some of the basic human physiological performance information.

Study Procedure: Since this is not a report of the study, the information may be gathered from experiment, observation, or experience.

Number of Subjects: N/A.
Arms of Study: According to preface, this book: “describes the march mission, characteristics and types of foot marches, and march training to include planning procedures, duties of commanders, march discipline, march hygiene, and march safety. The material herein applies to all levels of conflict without modification.”

FINDINGS

Performance Moderator Variables: Physical exertion, load, calories, heart rate

Performance Moderator Functions (PMF):  

We list useful bits of PMF information without organization. Each item in the list is accompanied by the volume, chapter and section numbers.

1. Individual load: should not exceed: 48 pounds (fighting load) or 72 pounds (march load – including fighting load). (18-2-7)

2. The relationship between combat stress and exhaustion: Soldiers become exhausted quickly when under the stress of combat .(18-2-7) Fear burns up the glycogen in the muscles required to perform physical tasks. Applying strong leadership to produce well-trained, highly motivated soldiers can lessen some of the effects of stress. (18-5-3)
3. Average rates of march under various conditions: (18-3-1)
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Figure 3-1. Time-distance relationships.





4. Normal day for a foot march: 8 hours, for a distance of 32 km at a rate of 4kph. (18-4-20)

5. Forced march (may impair the fighting effectiveness of a unit) of 52km schedule example. (18-4-20)

                                                           Hours

                                                           -----

        First phase: 20 km at 4 kph

          (daylight, on roads) ...........................  5.0

        Noon meal and rest period.........................  2.0

        Second phase: 20 km at 4 kph

          (daylight, on roads.............................  5.0

        Supper meal and rest period.......................  6.0

        Third phase: 12 km at 3.2 kph

          (limited visibility, on roads)..................  3.84

                                                           -----

Total time................................................ 21.84
6. Physical Limitations:

a. A soldier’s ability to react to the enemy is reduced by the burden of his load (The time a soldier needs to complete an obstacle course is increased from 10 to 15 percent, for every 10 pounds of equipment carried). (18-5-3)

b. The following chart shows the length of time (that work rates can be sustained before soldiers become exhausted) and energy expenditure rates for march speeds and loads. (18-5-3)
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Figure 5-1. Work rate and energy expenditure.




c. A burst rate of energy expenditure of 900 to 1,000 calories per hour can only be sustained for 6 to 10 minutes. (18-5-3)

d. When marching, a soldier’s speed can cause a rate-of-energy expenditure of over 300 calories per hour and can erode the reserves of energy needed upon enemy contact. The distance marched in 6 hours decreases by about 2 km for every 10 pounds carried over 40 pounds. The following chart shows speeds that are sustainable with given loads, which results in an energy expenditure of 300 calories per hour. (18-5-3)
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7. Weights of selected items. (18-5-5)
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8. Overloaded soldiers: (18-5-5)

a. Antiarmor teams (individuals carry weights of 111, 101, and 90 pounds)

b. Mortar teams (83 pounds)

c. Fire support teams (92 to 95 pounds)

d. M60 machine gun teams (78 to 87 pounds)

e. All radio operators with AN/PRC-77 and KY57 VINSON (84 pounds)

f. AT4 gunners, Low-level voice intercept, Stinger, and Engineer breaching teams (weights not given)

9. Physical conditioning: (18-5-11)

a. Normal: Soldiers who are physically fit to APFT standars can carry loads that are 45 percent of their body weight (average 72 pounds) at 4kph for 8-hour march.

b. Specially Trained: After a 30-day training, soldiers can march 12 miles in less than 3 hours loaded to about 60 pounds (when energy expenditure at that rate would cause exhaustion in 2.5 hours for soldiers who have not received special training)

10. Physological Differences Between the Sexes: (20-Appendix A)

a. Size: An average 18-year-old man is 70.2 inches tall and weights 144.8 pounds, whereas the average woman of the same age is 64.4 inches tall and weighs 126.6 pounds.

b. Muscles: Men have 50 percent greater total muscle mass (based on weight). A woman who is the same size as her male counterpart is generally only 80 percent as strong.

c. Fat: Women carry about 10 percentage points more body fat than do men of the same age.

d. Heart Size and Rate: An average woman’s heart is 25 percent smaller than the average man’s. The larger heart size contributes to the slower resting heart rate (five to eight beats a minute slower). For any given work rate, the faster heart rate means that most women will become fatigued sooner than men.

Modeling Technique: Anecdotal but authoritative

Lessons Learned: This source gives some of the basic physiological assumptions based on which commanders plan and execute foot marches. 

PMF Validity Info: 3 – The sources of these measures are not given, anecdotal, or from years of experience. 

ORIGINAL ABSTRACT

Not Available.
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TASK

Domain: human sleep, cognitive performance, military planning and scheduling

Echelon: primarily air force pilots, controllers, and group support personnel

Tasks Studied: task effectiveness and the effects of sleep, activity, fatigue

Cognitive Framework: Compute Simulation Modeling

METHODOLOGY

Study Goal: This document is the final report of the Phase I of developing a computer software Fatigue Avoidance Scheduling Tool based on Hursh’s “Sleep, Activity, Fatigue, and Task Effectiveness (SAFTE) Model.” 

Study Procedure: There were six goals proposed and accomplished:

(1) Create a version of Hursh’s SAFTE model that would serve to drive the first prototype of FAST

(2) Develop a prototype version of FAST

(3) Develop and interface to permit the user to input a proposed schedule for analysis to set other initial conditions

(4) Develop an output interface to graph a comparison of predicted cognitive effectiveness for multiple proposed schedules

(5) Develop an output table of summary statistics describing the schedule and its impact on performance

(6) Conduct initial user testing of the prototype planning tool

Number of Subjects: N/A
Aims of Study: To incorporate the SAFTE Model into a software tool for scheduling pilots and crews that permits mission planners to consider the effects of sleep, fatigue and circadian variation on performance capacity.

FINDINGS

Performance Moderator Variables: Sleep, Fatigue, Stress, Circadian Rhythm

Performance Moderator Functions (PMF):  The software tool is based on a version of SAFTE Model, whose mathematical description is found in the Appendix B, reproduced in the below.

SAFTE Model Mathematical Expressions and Default Values of Variables

Circadian Functions

1. Circadian Oscillators: 
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2. Sleep Propensity: 
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3. Performance Rhythm: 
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4. Seep-Wake Cycle: 
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Sleep Reservoir Functions

5. Sleep Intensity: 
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6. Sleep Inertia: 
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7. Performance Use: 
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8. Sleep Accumulation: 
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9. Reservoir Balance: 
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10. Effectiveness: 
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The diagram of the model is in the following:
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Figure 2: Block diagram of SAFTE model.
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Modeling Technique: Simulation Modeling

Lessons Learned: This report presents the state-of-the-art simulation model of cognitive performance under the severe condition of sleep, fatigue, and “jet-lag”.

PMF Validity Info: 4 – the model is based on more than twenty-years of study on human sleep. It also reports that the SAFTE model very closely reproduces the reported experimental cognitive performance under total sleepless by Angus and Heslegrave (1985). Still, this is not an article published in the peer-reviewed journal.
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