Chapter 1: Introduction
The University of Texas Medical Branch (UTMB) has more than 100 essential personnel who are required to respond and maintain critical operations in case of emergency or disaster.  These situations include severe weather effects, natural disasters, hazardous material incidents and terrorist attacks to name a few.  Depending on the extent and duration of an event, essential personnel may be required to work in an austere environment for prolonged periods.  Given the destructive nature of recent events, in particular Hurricane Ike in Galveston, essential personnel may find themselves working with limited resources for extended hours for days to weeks at a time.  Further, these individuals may be accomplishing physical tasks to which they are not accustomed such as moving patients, materials and supplies.  Although the university addresses physical fitness in its guidance for essential personnel, the guidance it provides is minimal and there are no recommendations for achieving and maintaining appropriate levels of general physical fitness and preparedness.

At this point, the university has recognized the importance of the physical preparedness of its essential personnel; however, there is no mechanism in place to ensure that essential personnel are physically ready, or to assist them in developing and maintaining a level of general physical fitness that will allow essential personnel to successfully complete critical tasks and functions during emergencies and disasters. The ultimate outcome of this project is to ensure essential personnel are physically prepared to meet the challenges associated with a disaster or emergency. 
Chapter 2: Exercise, Fitness and Health 

Any discussion of fitness planning or programming has to start with a definition of physical fitness and related components exercise and physical activity.  In their paper Physical Activity, Exercise, and Physical Fitness: Definitions and Distinctions for Health Related Research, Caspersen, Powell and Christenson (1985) define physical activity, exercise and physical fitness.  Physical activity is “any bodily movement produced by skeletal muscle that results in energy expenditure.”  The definition of exercise takes the concept of physical activity one step further; basically, exercise is physical activity that is repetitive, planned and has improved physical fitness as its goal.  Physical fitness can be defined as a set of attributes that people have or achieve; stated another way physical fitness is “the ability to carry out daily tasks with vigor and alertness, without undue fatigue and with ample energy to enjoy leisure-time pursuits and to meet unforeseen emergencies.”  
In a more detailed explanation of the components of physical fitness, Caspersen, Powell and Christenson (1985) identify two major subcategories which are further broken down into the key components of physical fitness.  The first subcategory, health related fitness, includes cardiorespiratory endurance, muscular endurance and strength, flexibility and body composition.  The second subcategory, skill related fitness, includes agility, balance, coordination, speed, power and reaction time.
The benefits of exercise and physical activity on overall health are well documented and include improvements in several markers of cardiovascular disease risk including cholesterol levels, blood pressure and body composition.  In a review of exercise and its effects on cholesterol, Kelly (2010) found that approximately 120 minutes per week of aerobic exercise had significant benefits on lipid profiles including an increase in high density lipoprotein (HDL) cholesterol and decreases in total cholesterol, low density lipoprotein (LDL) cholesterol and triglycerides.  In addition, in a randomized exercise intervention in previously sedentary adults, Dunn et al, found significant improvements in both systolic and diastolic blood pressure as well as a decrease in bodyfat.  

Despite the known benefits of exercise on health, approximately 60% of the population is inadequately active or completely inactive (Dunn et al., 1999.)  Further, the risk of disability or death may be increased when essential personnel are performing emergency response duties.  Kales, Soteriades, Christophi and Christiani (2007) found that firefighters, a population exposed to both physical and mental stress similar to what may be encountered by essential personnel, are at higher risk of death from coronary artery disease when performing emergency duties as compared to non-emergency duties.  In addition, Kales, Tsismenakis, Zhang and Soteriades (2009) suggest that nearly ¾ of emergency response personnel have prehypertension or hypertension, a known risk factor for cardiovascular morbidity and mortality, which is often inadequately controlled.  Based on this data, it seems a reasonable assumption that a substantial number of essential staff are inadequately active with regard to physical activity and at higher risk of sudden death during emergency operations.  

As a result of the recognized importance of physical activity on health, the American College of Sports Medicine and Centers for Disease Control and Prevention issued physical activity recommendations for healthy adults in 1995 (Pate et al., 1995.)  This recommendation emphasized the importance of aerobic activity, but made no mention of resistance exercise, also referred to as strength training or weightlifting.  In an attempt to more clearly delineate its recommendations and add guidance on resistance training, the American College of Sports Medicine and the American Heart Association issued an update to that guidance in 2007 (Haskell et al., 2007):

Do moderately intense cardio 30 minutes a day, five days a week, or
Do vigorously intense cardio 20 minutes a day, 3 days a week, and
Do eight to 10 strength-training exercises, eight to 12 repetitions of each exercise twice a week.
Although this recommendation does not correlate to any particular level of fitness, it does provide a basic framework for aerobic conditioning and strength training that should lead to better health and improved physical fitness.

Chapter 3: Background
Natural events such as hurricanes, floods and earthquakes and human activities such as terrorist attacks over the last several years have highlighted the importance of emergency response planning.  As a result corporations, institutions and governments at all levels have recognized the necessity and reemphasized the importance of comprehensive emergency and disaster preparedness plans (Reissman and Howard, 2008).  Most critical to the success of any emergency preparedness plan are the people that execute the plan when an event occurs.  There are several scenarios which may occur including natural disasters, terrorist acts, pandemic disease outbreaks and hazardous materials incidents; any of these events may result in prolonged staffing requirements by essential personnel.  In fact, after Hurricane Ike, UTMB maintained an emergency operations center (EOC) for several months and essential personnel were required to maintain critical functions for the first few weeks after the hurricane.  
The University of Texas Medical Branch has recognized the importance of fitness for duty of its essential personnel, but that guidance is limited: 

Any employee designated Essential in our emergency response to any incident is expected to be fit to respond to the initial event and to remain fit for duty for the duration of the event.  Each employee must be alert, sober and competent to function.  
As written, this policy does not provide any standard of fitness for duty, nor does it provide any guidance to help essential employees achieve and maintain an adequate level of physical fitness to function effectively during emergencies.  
This project is important for a multitude of reasons.  First and foremost, the mission will fail if essential personnel are unable to perform required duties due to poor physical health during critical incidents.  Second, organizations have a responsibility to ensure the health and safety of their employees; this responsibility includes ensuring that employees are physically and mentally capable of performing required duties; many of these tasks may be out of their normal scope of work during emergencies and disasters.  Finally, if an organization breaches its responsibility of protecting the health and safety of its employees, that organization may be subject to legal and liability issues.  As an example, consider the scenario of an essential employee suffering an injury or death while working during an emergency or disaster; the organization could be held liable if it is determined that they failed to ensure that the employee was fit for duty. 
Chapter 4: Methods

The primary method of this project is a literature review of fitness interventions and expert recommendations.  An online search was completed using both Google Scholar and Medline; relevant periodicals, journals, research papers and textbooks were evaluated.  Inclusion criteria included three parameters.  First, as this review focuses on a health program in the workplace, interventions detailing fitness programs in the workplace were included. Second, the population served is assumed to be a generally healthy adult population, so studies of healthy adult populations were included.  Finally, this review sought to include studies of like occupational duties; that is, fitness intervention studies of personnel with emergency or disaster response duties.  

Exclusion criteria were developed to help exclude studies that were less applicable to the population.  Since this review is primarily interested in a generally healthy population, the first criteria excluded studies that focused on specific diseases.  Second, this review is focused on an adult, working age population, so studies addressing children or studies focusing solely on the elderly were excluded.  The third and final criteria excluded studies of elite athletes.  Key search terms included emergency personnel, fitness, essential personnel, disaster response, employee fitness and intervention.  Table 1 displays the results of the literature search.  In addition, fitness policies of other institutions were reviewed; these sources primarily consisted of military programs as well as programs created for firefighters, police and EMS personnel.  
	
	Google Scholar
	Medline

	Emergency Personnel Fitness
	28,500
	48

	Emergency Personnel Fitness Intervention
	15,400
	2

	Fitness Intervention
	188,000
	1871

	Essential Personnel Fitness
	49,100
	32

	Essential Personnel Fitness Intervention
	24,900
	0

	Disaster Response Personnel Fitness
	14,000
	2

	Disaster Response Personnel Fitness Intervention
	6,190
	0

	Employee Fitness
	63,800
	188

	Employee Fitness Intervention
	29,700
	16


Table 1:  Literature Search Results, Number of Hits per Search Term  
Chapter 5: Results 
This review identified 15 relevant studies addressing physical fitness programs and their effects on health, stress and other key work related topics.  Six studies addressed employee fitness programs and their effect on general health including cardiovascular risk, physical fitness measures, worker’s compensation issues, absenteeism, anxiety and changes in self concept.  Three studies were identified which evaluated the effectiveness of circuit/interval training as compared to standard endurance training.  With regard to the effects of free weights versus weight machines, one study was identified which compared the two modalities while two studies addressed training specificity.  In evaluating the effects of fitness on stress, three studies were included.  The final segment of this chapter includes a review of the physical fitness testing programs of each of the four branches of the US military.   
Exercise has been shown in several different studies to have beneficial effects on multiple fitness parameters.  The results discussed here demonstrate several important factors with regard to fitness improvement and worksite fitness interventions.  First, fitness programs in the workplace lead to improvement in both fitness and other health indicators.  Second, higher intensity interval training is more effective than standard aerobic training.  Third, resistance training, or weightlifting, is more effective for fitness improvement when accomplished with free weights as opposed to fixed machines.  Finally, there is some specificity with regard to training; that is, in order to improve at endurance events, endurance training must be included in the fitness regimen.  Likewise, resistance training must be included in the program to improve muscular strength.  
In addition to the established benefits on physical health, exercise may have positive effects with regard to stress and occupational performance.  Exercise appears to increase mood and decrease feelings of fatigue; in addition, exercise and higher levels of fitness are associated with better stress coping mechanisms.  
Effectiveness of Worksite Interventions

This review identified several studies evaluating the overall effectiveness of worksite interventions.  In a literature review of worksite fitness and health promotion programs, Gebhardt and Crump (1990) found that worksite interventions resulted in improved fitness and decreased cardiovascular risk factors.  A study of a 14 week structured exercise program undertaken by the Xerox Corporation resulted in improvements in markers for cardiovascular disease (decreased systolic blood pressure, resting heart rate, total cholesterol and triglycerides), increased maximal oxygen consumption as well as improved self concept and reduced trait anxiety (Pauly et al., 1982.)  Lechner, Devries, Adriaansen and Drabbels (1997) evaluated the effects of a workplace fitness program on absenteeism and found that workers with higher levels of exercise had lower rates of absenteeism.  Another study of worksite fitness programs showed a significant increase in maximal oxygen consumption and decreased waist circumference in program participants. Unfortunately, this study also demonstrated the difficulties of voluntary work interventions as only 6.4% of the workers were interested in participating (Atlantis et al., 2006.) 
ChevronTexaco implemented a fitness for duty program which appears to be beneficial for both employees and the corporation (Kashima, 2003.)  Similarly, Los Angeles County instituted a fitness for duty program for its firefighters which increased physical work capacity; related benefits included decreased worker’s compensation costs and reduced numbers of myocardial infarctions (Cady et al., 1985.)  
Circuit/Interval Training Compared to Endurance Training

Several studies have evaluated the effectiveness of higher intensity circuit or interval training as compared to standard endurance training; in general, these studies have found that higher intensity circuit training produces greater fitness benefits.  Paoli et al., (2010) completed a controlled trial with four different groups consisting of a control group, an endurance training group, a low intensity circuit group and a high intensity circuit group.  The groups were evaluated at baseline and after twelve weeks of training; the exercise groups participated in 50 minute training sessions three times per week.  Comparison of pre and post testing showed improvements in all three intervention groups; however, the high intensity circuit group showed the most reduction in body weight, waistline and bodyfat.  In addition, the high intensity group showed the greatest improvement in muscular strength.  
A second study addressing circuit training and endurance training was completed by Westcott et al., (2007.)  This study compared two groups of poorly conditioned Air Force Personnel.  The endurance training group consisted of 60 minutes of aerobic activity 4 to 5 days per week, while the circuit group consisted of alternating strength and endurance exercises for 25 minutes, 3 days per week.  Both groups were evaluated with pre and post testing including a 1.5 mile run, push ups completed in one minute, abdominal crunches completed in one minute and a waist measurement.  At the end of twelve weeks, the circuit training group showed significant improvements in all four measures as compared to the endurance training group.  This study does have one important limitation in that the endurance group was unsupervised while the circuit group was supervised; had both groups been supervised, the outcome may have been different.  
Gamble, Boreham and Stevens (1993) completed a 10 week trial of circuit training and indoor soccer in a small group of ambulance workers.  The intervention group completed twice weekly training sessions for 10 weeks, and both groups were measured pre and post training in several fitness parameters.  The exercise group showed significant improvement in flexibility, sit up performance, standing broad jump, maximal oxygen uptake, and anaerobic threshold.  At the same time, the control group showed no significant changes in the designated fitness parameters.  

Free Weights versus Machines

In order to evaluate the effectiveness of different methods of resistance training, Spennewyn (2008) completed a randomized controlled trial in untrained men comparing free weights to weight machines.  This trial also included a control group which did not exercise.  The free weight group used plate loaded barbells while the machine group used a fixed range resistance machine.  Exercise protocols focused on the same muscle groups and used the same set and repetition strategy.  At the end of a 16 week program, the control group showed no change in strength or balance.  While both of the exercise groups improved both strength and balance, the free weight group showed statistically significant increases in both strength and balance when compared to the machine group.  In addition, the machine group reported increased pain levels while the free weight group reported lowered pain levels.  
Training Specificity

As noted in two different studies, a degree of specificity is required to improve individual fitness parameters.  Endurance training must be included in the fitness regimen to achieve tangible benefits in endurance tasks.  Similarly, resistance training must be incorporated into the training plan to increase muscular strength.  

In a study designed to evaluate the effects of aerobic and resistance training on performance, Kraemer et al., (2004) used a pre and post test design to evaluate four different exercise interventions.  The study protocol consisted of four training sessions per week for 12 weeks; participants were placed into one of four groups: total body resistance training and endurance training (RT+ET), upper body resistance training and endurance training (UB+ET), resistance training only (RT) and endurance training only (ET).  At the end of the training session, participants were retested; the results are summarized in Table 2.  This data highlights the specificity of fitness training.  Only the groups participating in endurance training improved in an endurance event (2 mile run); likewise, leg power increased only in the groups engaged in lower body resistance.  
	
	Resistance and endurance
	Upper body resistance and endurance
	Resistance only
	Endurance only

	Push ups
	Improve
	Improve
	Improve
	Improve

	Sit ups
	No change
	Improve
	Improve
	Improve

	2 mile run
	Improve
	Improve
	No change
	Improve

	Leg power
	Improve
	No change
	Improve
	No change


Table 2:  Comparison of Training Modalities on Exercise Performance, Kraemer et al., (2004)
A second study illustrating the importance of training specificity was completed by Cesar et al., (2009.) This study was designed to evaluate the effects of local muscle training on maximal oxygen uptake and aerobic performance.  Study participants were assigned to either a control group or an intervention group which performed 12 weeks of total body resistance training.  Baseline and post training testing was completed on both groups and included measures of strength as well as aerobic fitness indicators.  The control group showed no change in any parameters.  At the same time, the resistance training group showed significant increases in muscular strength but no change in aerobic fitness measures.  
Stress, Fitness and Health

The effect of stress on health and occupational performance is an evolving area of research.  Given the stressful nature of emergency response duties, it seems wise to consider the potential benefits of improved fitness on the stress response.  At this point, the literature supports the idea that fitness training reduces stress levels and increases mood, but there have been conflicting results.

Leibtseder, Strauss-Blasche, Ekmekcioglu and Marktl (2004) evaluated the effect of aerobic training on occupational mental stress tolerance.  Participants completed a 3 month program of aerobic training, and were divided into two groups based on their aerobic fitness improvement: those with moderate training improvements and those with good training improvements.  A baseline and post test evaluation was completed on all subjects assessing cognitive performance in both low and high stress situations.  There were no significant differences between the groups; thus, aerobic exercise had no effect on stress tolerance.  However, this study may be limited by the fact that there was no non-exercising control group.    

In an evaluation of exercise on mood, Hansen, Stevens and Coast (2001) found that significantly improved mood and feelings of vigor and decreased fatigue occurred after 10 minutes of aerobic exercise.  Further, the positive results peaked at 20 minutes of exercise; longer periods of exercise resulted in no greater benefit.   

Gerber, Kellman, Hartmann, and Puhse (2010) identified several relationships between stress, fitness and health.  First, increased stress is associated with poorer health; second, higher fitness leads to reduced stress.  Although there was no association between exercise and stress, “exercise and fitness were associated with enhanced health.”  Finally, moderate exercisers were better able to cope with stress than exercisers who participated in vigorous physical fitness regimens.  

Military Fitness Programs

Mandatory fitness programs in the workplace are common to all four branches of the US military.  Although a complete description of training regimens in each branch of service is beyond the scope of this paper, general policy of each service has been reviewed and will be discussed here.  

There is considerable variation in each service’s overall fitness training plan; further, smaller subunits have a significant amount of autonomy in developing comprehensive physical fitness plans to maintain adequate levels of fitness in service members.  Training modalities include, but are not limited to, running, resistance training, swimming, cycling, organized sports and weight-bearing marches. 

Despite considerable variation in fitness training protocols, all four branches of the service have a few similarities when it comes to physical fitness.  First, all branches have the expectation that service members will engage in physical fitness training and maintain a standard of fitness.  Second, all branches require their members to demonstrate their fitness levels by completing either an annual or semi-annual physical fitness evaluation.  The Air Force requires all personnel to be tested once a year, while the Army, Navy and Marine Corps test all personnel twice a year.  All four branches require an upper body muscular test (pull ups for the Marines, push ups for the other services), a core exercise (either sit ups or abdominal crunches) and some form of endurance event, typically running, but sometimes swimming or cycling.  (Physical Fitness Training, US Army Field Manual 21-20, 1992; Fitness Program, Air Force Instruction 10-248, 2006;  Marine Corps Physical Fitness Program, Marine Corps Order 6100.13, 2008; US Navy Physical Readiness Program, OPNAV Instruction 6110.1H, 2005).
Chapter 6: Recommendations/Conclusion
Worksite fitness interventions have been successfully implemented by various organizations with some success.  All branches of the military have instituted fitness training and testing plans; however, the military has some distinct differences when compared to its civilian counterparts.  First, military culture views physical fitness and testing as an essential requirement for continued employment and career success.  Second, the military services operate under a somewhat different set of rules and regulations than civilian organizations; as a result, a military style fitness program may not be suitable for a civilian organization.  
As noted by Atlantis, Chow, Kirby and Fiatarone Singh (2006), one of the biggest difficulties with workplace fitness programs is that many employees are simply not interested in participating.  The obvious answer in the case of emergency response and essential personnel is to mandate physical fitness training and testing programs; however, that may be more challenging in a civilian organization that must deal with labor unions, contracts, etc.  
In any case, it seems that the prudent emergency planner would at least consider the physical fitness and work capacity of the personnel assigned to complete tasks during activation of the emergency response plan.  It has been demonstrated that higher levels of physical fitness correspond to better performance under emergency conditions (Myhre et al., 1997).  Rayson (2000) has suggested the following, “Proven fitness-related strategies include redesigning the most demanding tasks, selecting and training personnel who possess the necessary physical attributes, and assessing and redeploying personnel to jobs within their capability.”  Further, Gamble et al., (1991) argue that emergency response personnel should be placed into jobs based on functional capacity.  
The university could approach the fitness for duty policy in three different ways: by revising policy to provide recommended general physical training guidelines, by offering a voluntary physical fitness training and/testing program or by mandating annual physical fitness testing, possibly with a worksite fitness training program.  

A basic revision of the current policy would likely be the easiest and most cost effective way to address the fitness for duty policy.  Guidance based on the general recommendations from the American College of Sports Medicine and the American Heart Association could be added to the policy.  This course of action would, at least, provide a framework for personnel to establish a baseline of physical fitness.  On the other hand, it would not ensure that employees participate or that their fitness to respond during emergencies would be sufficient.  
The second option has the same major drawback as the first one, potential lack of participation; as noted, voluntary fitness programs are typically not well attended.  However, a successful voluntary program could serve as a model to help in the development of a mandatory training and testing program.   

The final option, a mandatory program, has the advantage of ensuring participation by employees.  However, fitness training and testing programs can be time and resource intensive.  Further, human resources personnel would likely need to be involved to assist with labor union, contract and other personnel management issues.  
As with any health promotion intervention, an assessment of the population is typically an early step.  Figure 1 is a generalized physical fitness evaluation, developed by Gerald Cleveland, which could be used prior to initiation of a fitness improvement plan.  Once a baseline evaluation is completed, participants may start to train.  As a basic framework, the American College of Sports Medicine recommendations provide a starting point (Haskell et al., 2007).  That is, three to five sessions per week of at least moderate intensity activity with resistance training incorporated at least twice per week.  Since resistance training has been shown to be more effective with free weights for both strength and balance (Spennewyn, 2008), strength training should be accomplished with free form equipment rather than machines.  
Circuit training should be a key component as well; it has been shown in multiple studies to be more effective than standard endurance or aerobic training (Paoli et al., 2010; Westcott et al., 2007; Gamble et al., 1993).  Participants would then be retested after a period of training; 12 weeks is a common program length. 

The potential benefits of a fitness program for essential employees are many, including increased physical work capacity, improved health (cardiovascular fitness, body composition, lipid profile and retention of muscle mass), better mood and reduced rates of absenteeism and workers compensation costs (King and Senn, 1996).  In addition, ensuring the physical fitness of essential employees will likely increase the chances of successful performance during emergency response as well as protecting the employee from injury or disability.  
Essential Personnel Physical Readiness Training

Functional Fitness Assessment

The purpose of the functional fitness assessment is to determine the overall physical fitness of the essential employee based on guidelines from the American College of Sports Medicine, American Heart Association and other nationally recognized health/fitness organizations. Some assessments may not have normative values but represent functional movements that may be part of the essential employee’s duties. Improvement will be shown as the difference between the pre and post test. Assessments will be targeted in three broad categories. Modifications to standard test have been included for individuals with contraindications for specific movements:

1. Cardiovascular Fitness 
a. 12 minute walk/run (Cooper Institute of Aerobic Research, distance traveled)

b. 3 minute step test (YMCA protocol, heart rate during and 60 seconds post activity)

c. 12 minute seated stationary bike (modification for those with contraindications and based on distance travel)

2. Dynamic and Static Upper and Lower Body Strength

a. 1 minute push-up (modified for male/females, how many completed)

b. Seat row (modification for those with contraindications, number completed in 60 seconds at estimated 50% 1 repetition maximum)

c. Static 90 degree wall squat (duration in appropriate position)

3. Flexibility/Core/Balance

a. Sit and reach (trunk and hamstring flexibility)

b. Plank (static core strength based on time in appropriate position)

c. Single leg balance with dynamic movement (rating of Stable, Unstable or Incomplete)

d. Reverse curl with stability ball (modification for those with contraindications and based on number completed in 60 seconds)

Assessments will be conducted in a pre/post timeframe 12 (twelve) weeks apart. A targeted physical fitness training program will be prescribed based on pre-test scores with the overall goal of leading the individual to achieve a rating in the 50th percentile ranking for those of similar age. Yearly assessments will be recommended to facilitate maintenance of the 50th percentile or better ranking. 

Figure 1: Sample Physical Fitness Evaluation, courtesy of Gerald Cleveland, MA
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