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SUMMARY PAGE 

PROBLEM 

For many years undersea medical officers and scientists have postu- 
lated that submarine personnel assigned to sea duty have a greater need 
to be aware of their lifestyle at sea. Long term confinement, physical 
inactivity, potential for excessive caloric intake, large consumption of 
coffee, higher incidence of cigarette smoking and an altered work/rest 
cycle can rapidly lead to decreased physical and mental performance, 
therefore, the purpose of this study was to compare the results from the 
Health and Physical Readiness (H&PR) test between submarine personnel 
assigned to sea duty and personnel assigned to shore duty. 

FINDINGS 

The results from the annual (H&PR) test showed that submarine per- 
sonnel are of equal fitness compared to shore based personnel. In fact, 
the submarine personnel outperformed the shore personnel in many fitness 
categories. The majority of personnel in both groups were classified as 
"good" which is an average level of physical fitness. One percent of the 
personnel in each group scored "outstanding" on the H&PR test, and 
approximately ten percent of personnel in each group failed to meet the 
minimum requirements. A body fat value >^ 22 percent was the reason for 
the majority of failures. 

APPLICATION 

Because of the constant need for methods to increase military readi- 
ness, Navy commanders should be aware of the current physical fitness 
levels of their personnel. A greater commitment to physical training is 
necessary to increase the current level of physical fitness. Structuring 
weekly training programs during deployment and while at shore duty will 
enable naval personnel to perform their duties, especially during 
critical, long term, stressful, emergency scenarios without showing major 
decrements in job performance. 
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Development Command Work Unit - 62758N MF58.524.003-0004 "Enhancement of 
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PUBLISHED BY THE NAVAL SUBMARINE MEDICAL RESEARCH LABORATORY 

ii 



ABSTRACT 

This study was conducted to test the hypothesis that personnel 
assigned to submarine duty would dispaly less physical fitness as can- 
pared to shore based personnel. A message was submitted to all naval 
activities at a Naval Submarine Base requesting individual test scores 
from the annual Health and Physical Readiness (H&PR) Test. The results 
from the statistical analysis showed that the majority of personnel in 
both populations were classified as "good", which is an average level of 
physical fitness as determined by the navy's fitness classification 
table. One percent of both populations were classifed as "outstanding" 
and approximately ten percent failed to meet the minimum physical fit- 
ness requirements. A body fat value greater than 22 percent was the 
cause for the majority of test failures. In conclusion, the results of 
the analysis of H&PR data do not support the widely held belief that 
submarine personnel are less physically fit then their shore based 
counterparts. 
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Physical fitness in the U.S. Armed Services has always played a domi- 
nate role in the preparation of personnel for military readiness. Type and 
intensity of physical training depends on which branch of service an indi- 
vidual is affiliated. The Navy Department has traditionally emphasized 
physical fitness at its training centers, but there is a decreased emphasis 
on physical conditioning as one transfers into the fleet. During this 
time, and for the most part, throughout a military career, routine physical 
conditioning is left up to the discretion of the individual. Futhermore, 
the lack of an on-going, well implemented physical fitness program in the 
navy has caused many personnel to develop a complacent attitude towards 
physical fitness training. 

Based on a 1981 Department of Defense Directive on physical fitness and 
weight control(3), the Navy Department has taken initial steps in health 
promotion by establishing the Office of Health and Physical Readiness. 
Subsequently this office has developed the Health and Physical Readiness 
(H&PR) test as discussed in the Chief of Naval Operations Instruction 
(OPNAVINST), 6110.1b (19). This instruction encompasses a "Wellness" 
approach to preventive medicine by including physical training primarily by 
aerobic activities, nutrition, weight control, avoidance of drug/alcohol 
abuse, stress management, high blood pressure control and smoking cessa- 
tion. The success of this program at the command level primarily depends 
on the designated "command fitness coordinator". This position, typically 
assigned as a collateral duty, should ideally be assigned to an individual 
with appropriate background training and interest. It is ultimately 
important to have ship and shore carmanders educated as to the potential 
benefits to be derived from these programs. These benefits include an 
increase in self-esteem, weight control, improved physical fitness, reduced 
medical cost, enhanced job performance, and augmented military readiness 
(1,2,5,14,24). 

For many years, undersea medical officers and scientists have postulated 
that submarine personnel have a greater need to be aware of their lifestyle 
at sea. Long term confinement, physical inactivity, potential for exces- 
sive caloric intake, large consumption of coffee, higher incidence of ciga- 
rette smoking and an altered work/rest cycle (4,21,23,24) can rapidly lead 
to decreased physical and mental performance (5,6,16). Some myths, such as 
the belief that submarine crews gain excessive weight while on patrol, have 
been stated when extrapolation of this lifestyle is attempted. Bondi and 
Beare (7) reported results on pre- and post-deployment body weights on 670 
submarine personnel from seven different submarine patrols and showed that 
32 percent of the crew gained weight on the average of 5 lbs ./person, 
whereas, 56 percent lost weight on the average of 5 lbs./ person. The 
average overall weight change following these submarine patrols was a loss 
of 2.68 lbs. per man. Although the authors stated that substantial weight 
gain (>^ 10 lbs) does afflict a number of the men, it was concluded that 
weight gain during patrol is not a significant problem for the majority of 
submariners. 



Physiological adaptations to physical inactivity are known to occur, for 
example, from prolonged bed rest (20) and from reduced levels of physical 
training (11). Physical deconditioning has been purported to occur in sub- 
marine personnel from prolonged exposure to the submarine environment. 
Bennett and Bondi (5) have reviewed the field study research that have 
attempted to measure physical deconditioning in submariners. The physio- 
logical indicator of deconditioning in these studies was a progressive 
increase in post exercise heart rate measured throughout the deployment as 
a sign of cardiovascular compensation to maintain cardiac output (9) . 
Bondi and Dougherty (8) monitored the physical activity of 44 submariners 
at sea as determined by the use of pedometry. Results indicated that daily 
physical activity was reduced by 50 percent when compared to daily activi- 
ties when the submariners were shore based. Subsequent research by Knight 
et al (16) and more recently by Bennett et al (6) have quantified labora- 
tory measures of physiological deconditioning following submarine deploy- 
ment. These authors (16,6) reported a 13 and an 8 percent decrement in 
maximal oxygen uptake (v"0_ max) as measured by pre and post deployment 
levels of vX)„ max. To date no other fitness indicators have been assessed 
in submarine personnel to determine whether a decrement occurs in muscular 
strength, muscular power, agility, or flexibility. 

Since the Navy has now established the H&PR test as a criterion for 
physical fitness, it was the purpose of this study to compare the H&PR 
results of submarine personnel assigned to sea duty with naval personnel 
assigned to shore duty. The distinction between personnel assigned to sea 
duty commands versus shore based commands was made due to the uniquely dif- 
ferent daily lifestyle habits. Additionally, submarine personnel typically 
are deployed at sea between 70 and 180 days depending on the operational 
assignments and type of submarine duty (fleet ballistic missile or fast 
attack submarine). Therefore, the hypothesis was that submarine personnel 
would show significantly less physical fitness as determined by the H&PR 
test when compared to their shore based counterparts. 

METHODS 

This study was conducted by submitting an all Naval Activities 
(NAVACTS) message to individual commands in and around the Naval Submarine 
Base, Groton, Connecticut. The message requested that individual scores 
from the Health and Physical Readiness Test be sent to the Naval Submarine 
Medical Research Laboratory, Biomedical Sciences Department, Naval Sub- 
marine Base. These data included: command name, rate/rank, age, sex, test 
scores for the 1.5 mile run or 500 yard swim, sit-ups, sit reach, percent 
body fat, and the individual and overall test classifications. Each sub- 
ject had the option to participate in the 1.5 mile run or the 500 yard 
swim. Height and weight measurements were an option to be included if they 
were available. The specific protocol for the administration of each test 
variable can be found in OPNAVINST 6110.IB (19) . 

The following procedures determined how an individual was given an over- 
all test classification from the results of each test variable. Subjects 
scored points for each test item performed with the exception of the sit- 



reach test which was scored pass/fail. The classification point values were 
as follows: outstanding - 5 points., excellent - 4 points., good - 3 
points., satisfactory - 2 points., minimum - 1 point, unsatisfactory score 
on any test variable constitutes an overall test failure. The three scored 
sections (1.5 mile run or 500 yard swim, sit-ups, and percent body fat) 
were averaged to determine the overall test classification. To score an 
outstanding classification, all test variables must be scored outstanding. 
An average score with X.5 or more was rounded up except for excellent and 
any score below X.5 is rounded down except for minimum. See table 1 for 
the test requirements and physical readiness classifications. 

The first age group (17-29 years) as established in the OPNAVINST 
6110.IB instruction (19) is for individuals less than thirty years old. It 
was suspected that a significant difference in physical performance exists 
within this age group, therefore three distinct age groups (_< 19, 20-24, 
25-29 years) were developed for individuals under thirty years old. All 
subjects within these three age groups had their overall test classifica- 
tion scored by the same criterion based on the first age group in table 1. 

Field data were verified for the correct calculation of individual and 
overall test classifications before the raw scores were entered into a com- 
puter file through a VT-100 Digital terminal. Data were separated and 
analyzed for submarine and shore commands by five year age groups, starting 
with < 19 years old and ending with >^ 45 years old. Uhivariate statistics 
and the independent t-test were applied to the data by the use of the 
User's Guide to the Conversational System (SCSS), Trademarks of Statistical 
Package for the Social Sciences (18), on a Vax 11/7050, Digital Corporation. 
The (p<0.05) level of probability was used as the criterion for rejecting 
the null hypothesis. 

RESULTS 

A total of 5409 male test respondents were analyzed from 20 submarine and 
19 shore commands. There were no significant differences in age, height, 
weight and percent body fat between submarine and shore commands (table 2). 
Since the submission of height and weight values were optional, only 548 
subjects reported these physical descriptors. Interestingly, only 25 sub- 
jects chose the 500 yard swim versus the 1.5 mile run and because of this 
small number, further analysis will not be included. 

Test results (means + SD) for the submarine commands were: 1.5 mile run: 
11:58 + 1:58 minutes; sTt-ups: 51.82 + 16.75; body fat: 15.87 + 4.91 per- 
cent; and sit-reach: 98.3 percent passed. The shore commands had very 
similar values: 1.5 mile run: 12:36 + 1:58 minutes; sit-ups: 52.49 +_ 16.79; 
body fat: 15.88 + 4.89 percent; and sit-reach: 96.2 percent passed. See 
table 3a and 3b for the test results by age groups for the submarine and 
shore commands. 

The greatest percentage of personnel in submarine commands (37.6 percent) 
were classified as good on the overall test; 9.4 percent of the subjects 
scored unsatisfactory, and 0.9 percent of all the personnel scored out- 
standing. See table 4a for the breakdown of each test variable by test 
classification for each age group.    The shore commands closely resembled the 



submarine commands in the overall test classifications. Nearly the same 
percentage of subjects from the shore commands {33.8 percent) were classi- 
fied as good; 10.6 percent scored unsatisfactory, and again only 0.9 percent 
scored outstanding. Table 4b shows the breakdown of test variable classi- 
fication by age group. 

The mean values for the 1.5 mile run time of all the age groups were 
entered into a regression equation (run time=27.48 - 0.357x, where 
x=$0_ max; Thomas R. Oollingwood, Ph.D., Institute for Aerobic Research, 
personal communication). This equation was developed from data collected 
on U.S. Air Force personnel by Copper (10) to predict maximal consumption 
(vO„ max) from the 1.5 mile run times.- The.^O_ max valuesfor the subma- 
rine personnel ranged from 34.0 ml kg" min" to 46.0 ml kg  min . The 
highest and lowest vD2 max values corresponded with youngest and oldest age 
groups, respectively. This inversely proportional relationship also 
existed for the shore personnel; whose values ranged from 37.0 ml kg~ 
min~ to 44 ml_kg~ min . The grand mean for all age groups for vO_ max 
was 43.5 ml kg  min~ and 41.0 ml kg" min~ for the submarine ana shore 
personnel, respectively. 

There were significant differences between submarine and shore personnel 
when age groups for each variable were considered (see table 5). Submarine 
personnel ran significantly (p<0.05) faster than the shore personnel on the 
1.5 mile test for the second through fifth age groups (20-39 yrs.), and for 
the total mean run time. The shore personnel, however, performed a signi- 
ficantly (p<0.05) higher number of sit-ups than their counterparts for the 
second, third and fourth age groups. Furthermore, the submarine personnel 
had significantly (p<0.05) greater percent of body fat for the second age 
group; no other age groups were significantly different for this test 
variable. 

DISCUSSION 

The results from the present study do not support the widely held 
belief that submarine personnel are less physically fit than their shore 
based counterparts. On the contrary, submarine personnel outperformed the 
shore personnel in some tests, specifically, submarine personnel ran signi- 
ficantly faster in five of seven age groups on the 1.5 mile run. Further- 
more, submarine personnel ran faster by 38 seconds than the shore popula- 
tion when all age groups were collapsed into a total mean. The majority of 
subjects' scores in both groups were distributed between the satisfactory 
and excellent classifications, whereas the highest percentage of subjects 
in both groups were classified as good on the overall H&PR test. It was 
surprising however, to see that less than one percent of subjects in both 
groups were classified as outstanding. Conversely, approximately ten per- 
cent in each group were classified as unsatisfactory. The primary reason 
that subjects received an unsatisfactory classification on the overall test 
was due to a failure to meet the 22 percent body fat requirement. 

The American Heart Association (AHA) has published values for 
cardiovascular fitness based on a maximal oxygen uptake test for all age 
groups(13).  When the predicted maximal oxygen uptake values determined 



from the 1.5 mile data are compared to the AHA values, the submarine 
personnel were classified as good across all age groups. The shore per- 
sonnel ware also classified as good for the first two and the last two age 
groups. The three middle age groups of the shore personnel were classified 
as average in cardiovascular fitness. These estimated maximal oxygen con- 
sumption values for both groups are comparable to the direct laboratory 
measurement of VTL max in 14 submarine personnel ranging in age from 20-39 
years as reportedly Bennett et al (6) . 

The shore personnel performed more sit-ups in four age groups, with 
three age groups performing a statistically greater number of sit-ups than 
the submarine personnel. As with the 1.5 mile run, the greatest percentage 
of subjects in both groups scored good on this test variable. Nice et al 
(17) reported a mean score of 47.8 + 16.7 sit-ups for male naval personnel. 
While this value is comparable to the total mean values for this study, the 
submarine and shore personnel scored slightly higher values. 

Recently the sit-reach test was changed from a scaled measure, (plus or 
minus in inches away from the heel of the feet) , to a pass/fail criterion: 
touch your toes to pass, anything less constitutes a failure of this test. 
Data on this test indicates that the current method is not specific for the 
assessment of flexibility as originally developed. Less than three percent 
of all subjects failed. 

The submarine personnel had slightly greater percent body fat values 
than the shore based personnel in five of seven categories, although these 
data were not statistically significant. The distribution of data were 
skewed towards lower percent body fat in both groups and the greatest per- 
centage of subjects were classified as outstanding. Based on the current 
measurement technique (26) used by the Navy to estimate the percentage of 
body fat, 35.9 percent and 38.8 percent of the shore and submarine per- 
sonnel were measured at 14 percent body fat or less. However, a sub- 
stantial number of subjects were greater than 22 percent body fat resulting 
in an unsatisfactory classification for 6.4 percent of the shore personnel 
and 7.7 percent of the submarine personnel. The low failure rate is con- 
siderably less than the 14.3 percent failures as cited by Nice et al(17) 
and the 15.8 percent predicted failure to meet the minimum body fat 
requirement as reported by Hodgdon and Marcinik (15). While a reasonable 
amount of variability in this measurement technique can be expected between 
naval commands, it has been well accepted and also found to be reliable 
(17,26). Data from this group of subjects corroborated the findings of 
Hodgdon and Marcinik (15) who reported body fat values to be 16.1+5.5 per- 
cent for 67 submarine personnel (24.6+J5.2 years) . These data also corrobo- 
rate the findings of Bondi and Dougherty (7) , that submarine personnel do 
not gain body fat during submarine deployment. E\ithermore, these values 
reflect a lower than average percent body fat for males of the same age 
group in general population (12). 

With the recent development and limited application of this instruction 
(OPNAVTNST 6110.1b) (19) since its implementation in 1982, the question of 
test data reliability within and between naval commands warrants discus- 
sion. There are numerous potential sources of error which will account for 



a portion of the variability of the data.  The greatest source of error 
probably occurs from administration of the test procedures by the command 
fitness coordinator.  Even though the instruction attempts to provide a 
detailed description of the methods to correctly administer each test 
variable, it can logically be assumed that a reasonable amount of "hands-on" 
experience is necessary to correctly administer these procedures.  Another 
source of error is in the transfer of raw scores to be converted for the 
calculation of the overall test classification (17). 

Since Nice et al (17) examined test reliability on the H&PR test, the 
following summary of their key results is presented here for a clarification 
of inter-command data collection accuracy: Test reliability was investi- 
gated as part of their study to determine whether there were large measure- 
ment differences between command fitness coordinators versus trained techni- 
cians on these testing procedures. One of the contributing sources of error 
by numerous commands was quantifying the 1.5 mile course. these course 
lengths ranged from 315 feet less to 294 feet greater than the required 1.5 
mile distance. However, the run times collected by the trained technicians 
and by command fitness coordinators revealed a high degree of accuracy 
(r=0.98). Furthermore, in all cases submitted, 90 percent of the raw scores 
were transformed correctly to the appropriate test classification. The 
largest discrepancy noted in the sit-up test was the inconsistency in the 
correct body position during the two minute period. It was shown that 96 
percent of sit-up classification was correctly computed. The overall 
reliability of body fat measurement, between the command fitness coordinator 
and trained personnel, revealed a correlation of r=0.84 which was noted to 
be a satisfactory level of reliability for field measures. The calculations 
of body fat values as determined by the command fitness coordinators were 
compared to computer generated values, and these values revealed a high 
accuracy calculation rate with a correlation of r=0.97. The sit-reach 
method will not be discussed since the method used for the study by Nice et 
al (17) had changed by the time of this study's data collection. Finally, 
it was noted that the accuracy for calculating the overall test classifica- 
tion was correctly determined for 79 percent of the scores, with 88 percent 
of the errors benefiting the test subjects* classification. 

SUMMARY AND RECOMMENDATIONS 

The belief that submarine personnel are less physically fit as compared 
to non-submarine personnel has been suspected by many individuals who have 
been closely associated with submarine way of life. Based on the Navy's 
H&PR test for the assessment of physical abilities commonly associated with 
physical fitness, the submarine personnel showed no major decrements in 
physical fitness as compared to shore based personnel. Moreover, the major- 
ity of both populations displayed an average physical fitness level as 
determined by the fitness classification table, and by the AHA standards for 
cardiovascular fitness. 

The Health and Physical Readiness test may be strengthened and be made 
more valuable to naval personnel if the following recommendation are con- 
sidered: 1) test requirements should reflect a certain level of necessary 
weekly physical training to meet the minimum test requirements; 2) future 



addendums to the OPNAVINST instruction should provide specific methods for 
proper and more accurate test administration, and provide motivational 
techniques for greater personnel adherence/compliance for physical training 
and for performing at the classification levels of excellent or outstanding; 
3) the flexibility test should return to a graded measurement scale, — the 
current test does not assess flexibility, due to the low failure rate; 4) an 
upper-body strength test should be added to the future instruction because 
the majority of strength requirements at sea are derived from the upper 
body; 5) these particular H&PR test variables should reflect the physical 
attributes that are associated with specific ship and shore strength 
requirements; 6) development of H&PR computer software programs for navy 
wide distribution would facilitate the calculation of test classifications, 
thus minimizing any variability associated with raw data transformations; 
and 7) specific navy medical research and development laboratories should 
be tasked to develop and maintain H&PR test data collected from warfare 
specialties (i.e., submarine, air and surface), thus determining whether 
naval personnel are homogeneous in the level of physical readiness and 
whether there are specific physical training requirements necessary for 
maintaining military readiness. 
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Table 1:  PHYSICAL READINESS CLASSIFICATION TABLE AND TEST REQUIREMENTS* 

AGE (YRS.) <30 30-34 35-39 40-44 45-49 > 50 

OUTSTANDING 

1.5 MILE RUN 9:45 10:00 10:30 11:00 11:30 12:00 
500 YARD SWIM 8:00 8:30 9:00 9:30 10:00 10:30 
SIT - UPS 100 90 75 80 80 80 
SIT REACH PASS PASS PASS PASS PASS PASS 
PERCENT FAT 14 14 14 14 14 14 

EXCELLENT 

1.5 MILE RUN 10:45 11:00 11:30 12:00 12:30 13:00 
500 YARD SWIM 9:45 10:15 10:45 11:15 11:45 12:15 
SIT - UPS 75 68 64 60 60 60 
SIT REACH PASS PASS PASS PASS PASS PASS 
PERCENT FAT 16 16 16 16 16 16 

GOOD 

1.5 MILE RUN 13:00 14:00 14:30 15:00 15:30 16:00 
500 YARD SWIM 11:30 12:00 12:30 13:00 13:30 14:00 
SIT - UPS 50 45 43 40 40 40 
SIT REACH PASS PASS PASS PASS PASS PASS 
PERCENT FAT 18 18 18 18 18 18 

SATISFACTORY 

1.5 MILE RUN 14:30 15:30 16:00 16:30 17:00 17:30 
500 YARD SWIM 13:15 13:45 14:15 15:45 16:15 16:45 
SIT - UPS 36 34 32 30 30 30 
SIT REACH PASS PASS PASS PASS PASS PASS 
PERCENT FAT 20 20 20 20 20 20 

MINIMUM 

1.5 MILE RUN 15:00 16:00 16:30 17:00 17:30 18:00 
500 YARD SWIM 15:00 15:30 16:00 16:30 17:00 17:30 
SIT - UPS 33 31 29 27 27 27 
SIT REACH PASS PASS PASS PASS PASS PASS 
PERCENT FAT 22 22 22 22 22 22 

* subjects must exceed the listed value to score the next highest 
classification. 1.5 mile run and 500 yard swim are in min. and sec. 
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TABLE 2: CHARACTERISTICS OF PERSONNEL FROM SUBMARINE 
AND SHORE COMMANDS. 

VARIABLE SUBMARINE COMMANDS      SHORE COMMANDS 

Number of Subjects      2346 3063 

Number of Commands       20 19 

Medical Waivers 12 (0.5%) 66 (2.2%) 

Age (yrs.) 25.64 + 5.30       27.52 + 6.60 

Height (in.)* 70.78+ 2.45        69.21+ 3.11 

Weight (lbs.)* 177.86 + 28.15       173.03 + 29.85 

Percent body Fat 15.87 + 4.91        15.88 + 4.89 

* = 202 subjects from the submarine and 346 subjects from the shore 
commands for height and weight. Values for age, height, weight, and 
percent body fat are means and standard deviations. 
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