THE WHITE HOUSE
WASHINGTON

February 5, 1996

MEMORANDUM FOR CAROL RASCO
FROM: Jennifer Klein and Debbie Fine

SUBJECT: FY95 DOD Bone Disease Research Funds

We met with several representatives of bone disease organizations a couple of weeks ago,
along with staff from the Department of Defense. The outside organizations had requested
the meeting in order to discuss their concern that $5 million appropriated in FY95 Defense
appropriations bill has not yet been released by the Department.

The funds have been withheld because the Comptroller's office was not convinced that this
research is "mission relevant;" the Health Division at DOD has made the case to the '
Comptroller that it is. In short, the Comptroller at Defense will release the funds if we
recommend that they do so.

As far we can tell from our communications, the Health Division at DOD and Gordon Adams
at OMB agree that funds ought to be released. We did not want to move forward on this
without consulting with you.

We think that research in this area is relevant, as well as consistent with the
Administration's priorities, and we therefore recommend that these funds be released.
Do you agree with our recommendation?

YES NO

If you agree, we will make this recommendation to the Department of Defense.

Attached is a letter to Secretary Perry from 11 Senators in support of releasing the funds,
along with some background information on the relevancy of bone disease research to the
mission of DOD provided by the outside groups. We want to note that the letter to Secretary
Perry has not yet been responded to -- DOD is waiting to hear from us.

Please let us know if you have any questions, or need additional information. Thank you.
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December 8, 1995

The Honorable Williamn Perry
Secretary of Defense
Departmient of Defense

The Pentagon

Washington, D.C. 20301

Dear Secretary Pernry:.

We are writing to express our support for the Department of Defense to initiate its
research efforts on osteoporosis and bone related diseases funded by Congress in 1995. In the
Fiscal Year 1995 Defense Appropnations legislation, funds totaling $5 million were
appropriated for the Department of Defense to carry out osteoporosis and bone related disease
research. Unfortunately, DOD continues lo delay the release of these much needed funds.

Osteoparosis is a major heslth threat for 2§ million Americans, 80 percent of whom are
women. In the United States today, seven to eight million individuals already have the disease
and 17 million more have low bone mass, placing them at increased risk for osteoporosis.
Further, a great deal more research needs to be done in order to determine the causes of stress

fractures in both servicemen and women.

We believe the need to expand present medical research on osteoporosis and bone related
discases is evident. Findings that emanate frem such DOD efforts will not only assist our active
duty forces but will also serve to find the means to treat the millions of Americans who are at
high risk or have developed this debilitating disease. We ask that the funds already allocated by
Congress be released so our military personnel can benefit from this much needed research.

In light of the 197,291 servicewomen in the Amned Forces and the trend toward more
women entering the military, we strongly believe these diseases pose significant defense health
risks and wasrent the release of these important funds.

Thank you for your attention tn this matter and please keep us informed of your efforts in
this area.

Wg g Coheu2 Daniel K. Akaka
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OSTEGPOROSTS AND DEFENSE

Osteoporosis affects 25 million Americans, 80 percent of whom are women. Each yeyr there are 1.5 million
osteoporotic bope fractures including more than 280,000 hip fractures, 500,000 vertebral fractures, 250,000 wrist
fractures and the balance at other bone sites. The medical costs associated with this discase exceed $10 billion
and are expected to dramarically increase as the population ages. Without intervention, the costs in the Year
2010 will exceed $60 billion and are expected to reach $240 billion by the Year 2050. Recently, the Universicy
of Southern California’s Gerantology Center reported that the costs associated with osteoporosis and Alzheimer’s
disease threaten to swamp the medicare system.

Recently, we contacted the VA data center and found that, in 1993, there were more than 2,600 men over the
age of 65 admitied to the VA hospital system due to hip fractures attributable to osteoporosis. These admissions
accounted for 66,000 hospital care days. We have now requested information on the number of women who
have received VA medical care for osteoporosis-related hip fractures. The average acute care cost of one hip
fracture alone is $40,000. Since women are four times more likely to develop hip fractures, it is likely that the
total number of admissjons is much greater than the number cited above. It is unknown how many more men
and women have received medical care for osteoporosis-related fractures of the spine, wrist ard/or other bones..

Osteoporasis is esseatially preventable and treatable; but, the disease must be prevented in 20 and 30 year olds.
For once bone is jost, it cannot be replaced. Bone loss is progressive and irreversible: prevention is the key!

Presendy, there are 197,291 servicewomen in the Armed Forces. This number represeats 12.1 percent of the
total active duty forces. As more women eater the armed services, osteoporosis will increzsingly become a
defense health issue. For many women, excessive physical training causes amencrrbea ind leads to the loss of
the protective effect of cstrogen on bones. This bone loss eventually causes osteoporotic frectures. There is
also evidence that males suffer activity-related hypogonadism, which may also lead to ost::oporosis and fractures.

To address the problem, basic and clinical medical research is needed to:

» Overall, swengthen basic and clinical rescarch programs to uncover the pathogunesis of osteoporosis,
increase understanding of the basic cellular mechanisms by which bone remodeling is controlled

» Conduct swdies on the patbogenesis and trearment of glucocorticoid-induced ostesporosis

> Study activity-related bone loss in women and men related to high-level physical activity

> Determine levels of activity which improve the skeleton, not impair bone metabolic function

> Smdsr the parameters of short-term morbidity associated with musculoskeleta] injuries related to training
> Study medical interveations which may offset bone loss in men and women

» Determine the etiology of hypogonadism in male recruits

> Determine which bone sites are most affected by physical training issues (excessive raining vsually causes
low spinal bone mass, whar happens at the hip?)

» Examine the level of musculoskeletal stress fractures due to equipment worn (Ixots) or carried during
training
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Factors Associated with Stress Fracture in Young Army
Women: Indications for Further Research

MAJ Karl E. Friedl, MSC USA*
Jennifer A. Nuovo, MDt

Several (actors which affect bone density aod predict risk of
asteoporasis (e.g., etnmcangb amenorrhea) are reportedly as-
soclated with 1 kigher! incidence of euress (racture ig active

usal women. The authars sarveyed 2,312 active
duty Ar@y wamea foc the prevalence of ever baving been diag-
aosed (“told by a doctar™) with a stress fractare 16.0% of re
spondents) and examined the relatianafip between surveyable
risk {actors for low bope deasity uad this self-reparted siresa

fracture history (seif-reported SF). Current smoking. previcns -

history of ametiorrhes (menses absent > § moaths), and kngwn
family history of csteoporusias were significantly sssociated
with seif-reported SP. while black cthnic arigia was a protective
factor. These data suggest hypotheses of stress frcture patho-
genexis in Army Samen which bear farther testing.

' Int.rodnctian

Womm inthe Umted States now participate in exercise pro-
grams moce than' ever befare. A subset of these women
will develop stress fractures as a consequence of the increase (n
weight-bearing exercise.! Women are at substantially higher
risk for stress fracture than ruen. Thus difference has been
noted 1n military basic (raintog. where 10-12% of wernen suf
fer stress fractures. compared (o an incidence of 1-3% of men
participaling {n the same traning.2- Bane remodeling Is part
daw@mmmyhymlmmmm:hgumny
expected ta result in a stronger booe$4 however, jo some sus-
ceptible individuals, a debilitating {racture oceurs tn re
modeled sites befare the changes are compiete-*? Recout re-
saarch attentlon has been focused oo steews fucture in
apenorthesc athletes, where messtrnual status appeass (o play

*Otvision of Gceupuiional Physiology. US. Army Goewck latitute of
Exvireamertal Medice. NaUek MA 01790.5007.
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a role in determining which warnen will be most susceptible (o
siress [racture.? Presusnably this risk is greater in individuals
with Jower bone densitfes and may also be reiated © other
factors which predict risk of asteoperesis o women. These fac
1ors include Asian or while raze®® famlly history of osteo-
porosis.!! underweight.'3-13 exercise.'* and factors related to a
reduced estrogen level such as sraoldng, 'S episodes of amenoar-
rhea,'$ and post-menomausal status 17 -

We conducted a pilot study to (nvestigate the association of
surveyable factors which have been linked to reduced bone
density (o sell-czported history of medically diagnosad stress
fracture (self-reported SF). This was performed with an Army
population consisting primarily of pmmcmpmal physically
acdve women lacking signtficant iliness.

Metbods

A questionnaire was developed which asked 18 questians
about the presence of factors associated with reduced bone
densiy. The questions were brief and called for simple an-
swers. An initial version of the questionnaire was administered
to S0 soldiers who were then interviewed by a physieal thera-
pixt WRD) aboul thelr responaes: the (ral form was a refine-
meat based on this test survey,

We dellned self-reported SF hatory 23 a pastiive response to
the questan: “Has & doctor ever lald you that you had 3 suess
fractume?® A few of theae were reclassifled as nega-
tive when the subsequent question (“If yes, what part of your
body?"] turoed up ioprobable diagnosts mare related (o pay-
chalogical siress. such as “bruin® and “stoouch” The types of
stress fracture most Bkely ¢o be detected 2nd corvecty diag-
nosed at a genera) medical treatment facility would gensrally
be categarized as symptomatic, efther with debilitating pain or
{rank (ractures. Since qiedical recordn were not availahle in
thds anonymous survey, these SF canes could not
be confirmed, in addition to m of the i
by somne respoodenta, an unknows number of dissrders may
have been misclasyified ea stress fracture. including periostitia,
compariment syndromes, infoections, booe penb-
lems (bone cysts, old isjuries), or muscle fatigue problema.
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Thus. in this study we refer lo these putative stress lracture
diagnoses as seif-reported SF with thc understanding that
lhese are unconfirmed diagnoses.

We defined amenorrhea as a 6-month absence of menses nat
associated with pregnancy. Farmily history of ostcoperasis was
indicated (rom “did your mather or your grandmother develop
a hunched-aver appearance or break their hips?”. if (hls infor-
mation was known, Weight trends were asscssed by asking the
women If they had ever exceeded Army weight staadards [i.c..
body mass index > 23-24 kg/m3| or i( they had ever been told
that they were underwelght. Exercise habits were investigated
by "haw many days per week do you exercise?” and. since
ruaning is the primary form of arganized exercise in the Armoy.
we alsp asked "how many miles per week do you run?” The
presence or absenice of ather factors were determiped with sim-
ple “yes” of "no” questions.

The questionnaire was malled to the duty addresaes of cvery
active duty female soldier a1 Fort Lewis, Washington in July
1987 (N = 2.462). The questionnalce was accompanied by a
short letier signed by a fcrnale Army physielan (JAN) soliciting
participation in a study “important to the health of (emale sol-
diers" Soldiers were also asked (o return separalely an idenu-
[ying posicard indicating whether or nat they planned lo re-
tura a sucvey (orm. Completed surveys were returned by 1.295
soldiecs: |.288 pastcards wercalsg recurned. including 8 which
indicated that (he subjects would not parucipate Four weeks
alter the first mailoul, a second copy af the survey was senc o
1,092 soldiers who were presumed (o have been reached by the
first survey but had nol returned a postcard. They were en-
couraged (o return a survey If they had nol already done so. A
total of 1,630 out of 2.312 (0.5%) deliverable questiannaires
were returned within 10 weeks of the (irst mailout and these
were used ia the analysis.

Factors aseociated with reporled stress fraciures were con
trasted using a contingency table farmal with a chi-square test.
Logistic regression was performed (o determine Lhe suength of
the assoctation bLetween significaat factors and stress [rac:
wres. The Mantel-Haensze) chi-square lest was used lo exam-
ine the cffect of age and ethnic origin an the other faclars
(BMDEA7. Los Angeles. California).

Results

* The mean age in the swvey sample was 26.1 + 5.8 (SD}
years (median age: 24 years: range: 18-52). The ethoic break-
down of respondents was 57.1% non-Hispanic white, 32.9%
black, 5.0% Hispanic. 22% Asian. and 2.9% other ar un-
specified. [n this sample. 16.1% of women had scif-reported SF
histaries. The most prevalent location (ar the injusy was the leg
(532% of stress fractures reported) (Table . Other known
characteristics of the survey sampie are preacoted in Table I
Table [ campares the percentages of women with sellre-
parted SF in subpopulations of women with or without factors
which affect bane density (chi-square test) Analysia by step-
wise Jogistic yielded five factera independently asso-
ciated with self-reported SP. histary of amenorhea. auTent
cigarette smoking, noz-black ethaic arigin, kmown family his-
tory of cstegparosis, and youagd age. Age was included in the
logistic analysis as a contimuaus variable and the akewed dis-
tritudon oy normalized with 2 Jog Tanalormation. All of

P.7718

a3s
TABLE!
LOCATION OF MELICALLY OLACNOSED STRESS FRACTUKES
Propoction of afl Previdence i1 Overdl!
Lacation  Number  Siress Fractunes 1268)  ° Sample (1.630)
Peivis 15 561 <10%
Hipthigh 2 a7 4
g 10 53 8.6
1 Foot N 8.1 . 45
Other 1 42 <14
Taal 243 99.9¢~ a1

*Thial 8 leas than (00%, dux (0 rounding.

these terms and Lhe likelthood rado far the logistic model were
sigaifleant at a probability leve] of 0.005 or Jess.

Basad on the logistic analysis, the probability of self-ce-
potted SF ranged [rom 31.6% in a non-black smoker with epi-
sodes of amencrrhes and a family history of asteoporesis,
dawn 1o 8.0%, fer a black non-amoker with narmal menstrual
listary and a negacive family history—a 4-fold difference. Refa-
uve risks (and 95% canfidence interval) detamined (ram the
logistic analysis for amenarrhea. smoking. non-black ethnic
origin. and famuly histary were 1.36 (1.25-1.48). 1.32 (1.23-~
1.41). 1.28(1.17-1.39). and 1.25(1.16-1.35). respectively.

Age was a sigrulicanl covariable for Lhe prevatence of self-
reported SE. Thus. from the logiste regression. older women
with none of the four other risk factors would have a predicted
prevalence as low ag 1.5%. The actual prevalence in our sam-
ple far all women over age 40 (N = 42| was |.4%, compared to
ihe highest overall prevalences of 19.6% for women aged 22-
23(Fig. 1). Thigis a likely consequence of selective processes io
this specific military population, as will be discussed. Dividing
be sample roughly in hall. at age 25. each of the other four
(actors was shown 10 be sigoificanUy affected by age (Maniel-
Haenszel. p < 0.00]). Odds ratios (rom the individual factor
thisquare tables were similar to dut slighly higher than those
derived from Lhe logistle analysis [Table {1l). Amenorrhea hada
significant effect an suess fmcture ce anly (n the
younger women (29.9 va. 16.0%. p < 0.001) compared to
women > 25 yarsold (182 vs 12.7%. p = 0.12). Age was also
a significant cofactar far underweight. with only the younger
women demonstmatag a significant relationship betweeo sel-
reported SF and being underweight (p < 0.05; Mantel-Haens-
zel test. p < 0.05). Other factors such as parity and use of aral
contracepuves were age-related (Fig, 2| but had no associatton
with prevalence of sell-reported SE

Black women were significantly more likely Lo have had chi-
dren (515 vs. 36.8%: p < 0.001). were mare likely ta sz oral
conlraceptives (40.9 vs. 31.6%: p < 0.001). and were less likely
to be curren! smolcers (32.1 v8. 37.8%: p < 0.00]). ail factors
which have been reported (o be protective agajnst stress frae-
ture or catecporosis. Only 12.0% of black women reported a
famlly history of asteaporosts, compared o 38.2% of non-black
women. Neverthcess, a positive family history of osteoparosis
wus associated with a 10% higher prevajeace of self-reported
SF. with 0o diflerence between tiacks and nop-blacks (o =
0.62). Eahiruic differences (n stress fracture were apparent anly
when Gmily history of asteoporosis was negative (p < 0.01;
Mante)-Haenazel chl-square test. p < 0.01).

Mltary Mectetne, Vel 157. July I
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TABLEU

PREVALENCE OF STHESS FRACTURE IN ASSOCIATION WITH SURYEYED FACTORS RANKED IN ORDER OF FACTOR PREVALENCE [N THE SAMPLE

—

—
— — —

—_——

% % wlh Histary
of Tota) of Suress Fraxture
with Factor Facior
Facter . Facar Precet Abwsen(
Etnaie origm (ehiie or Asian eJ - 185 113 tee
NulKgarity K] L1681 162
Gynecolagical age 320111 1166} 193 14.3
Norethan 2hirns|1) ey 154 17.0
Age(s12S yaars] : “y 182 13.6 .
Cigarctie smaking levert Eoh) 19.4 120 aae
Qgaretieamohing {currenl) ue 219 194 bl
Have smoked for;> 10 vcars(2) 130.4) 248 0.4
More than ane pactvday P21 (192 4.6 207
Cuereni arsl conlrmerpibve gill use 36 17.8 181
Ever on 1he Arry Weigh( Cantrol Program (BMI > Z3-24 hgym4 30 189 ts.7
Family hisiary of esteaporonis 258 218 135 see
Ruanieg exertise |> 10 Mdeshreck) 210 190 154
Ever (ald thal they weve andereeigh 168 U5 154 .
Histary of araenorrhea fepisoden of @ 6 months} (49 27 134 bl
Late menarche (> 16 vears ld) 26 120 18.1
Notex: ch-6quare test: signilgance: * p < 0.03: " p < 0.01.*** p < 0.00),
Subropics (1) parous women (11 = 638}: (2] curnont smokers U1 » 58/).
¢ e—a— Sunas tucuse
20 4 == Curwqpne nw —— G e & by
S Lrepiy asinton e Yativg b aurwei ol
———  ArmEmtmm
40 4
-

) g g
- » - 2 = - -

s n u s
R _ Aga cyeery) - o gty
¢ L Disrduiin of ropeatarts by 1z (3) asd Ue prevelency of mef-re ¢ 1. Proncans o sy, enl castzxptivs w, wel mraetreg) irceguianty by
parted £F wed curvent seiding, The Hee graph dams are cxpremad 8 3 rec-peist e bv acfve Gy ANy vnmen. Duts See expramed a9 & e poial \SGLY DXL
ruasing aes. .

TABLB IO
ODDS RATIOS OF FACTORS ASSOCIATED WITH STRESS FRACTURE. STRATIFIED BY ACE

Factor Age Group Oxds Ratio Probatdiry (95% Canfidence Inicrvel)
Amenarrhes histary :g ﬁ‘a :‘;‘:" B2
Currere smoker :ﬁ :: g::' 191(1.45-2.51)
Bhak arige (whiAsan) :3 :;: g:“ 1.6211.30-2.50
Family bisery ::g ; :: gf:lm 1.8811.3-255)

Mililary Medicine, Vol. (S7. July 1992
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Sirew Fracture Associalions

A pasitive history of amenocrhea eliminated (he relation be-
tween smoking and suress (racture. with more stress fractuses
in smoking vs. non-smaking women without history of am-
enarthea (20.3 vs. 11.6%. p < 0.00) but with no diflerences
between smoking and nan-smoking womcen with a history of
amenorrhea (28.6 vs. 21.8%. p = 0.23( (ManLcl-Hacnsze] (est. p
< 0.001). Smoking had 3 comparable effect on the relation
hetween amenorrhea and self-reported SF. with a significant
relaton In non-smakers [p < 0.001) bul not in smokers (p =
0.08) (Mante)-Haenszel test. p < 0.001). More women had expe-
rienced episodes of amernorrhea in the subpopulations of
women who had fever) beea told that they were underweight
(23.7 vs. 13.2%} and wha were runnees (> 10 miles/week) {20.3
vs. 13.4%. p < 0.05).

Discussion

The prevalence of self-reported SF in the women in this sur
vey (16.13) Is conststent with other reporis. Eleven percent of
the women surveyed had both a history of stress fracture and
reported thal during basic training they had bone pain which
was sufliciently debillcaring thar they had (o stop running. Al-
though we did not specifically ask il stress (racture was diag:
nosed in basic tralning, it ks probable that many of the self-
reported S¥s accurred in basic tralning, at a rate which is com-
parable to the 10.5% abserved in a group of 114 fernale Marine

- roerults during basic training '® 10.0% observed in the first

B-week training period at the U.S. Mflitary Acaderny.® and
11.3% observed In 186 Antny cecruits in hasic wralning.* As-
suming in the worst case that all of our nonrespondents were
disinterested women with no hiory of stress [racture, we
would stilt have 3 sell-rcporied SF prevalence of greater than
10%.

Most grevious studies of siress (racture have been con-
ducted with elitz athletes and little is knawn about risks lo Lhe
general populition. Although our sample is skewed toward
younges women and it exclydes individuals with conditions
which significantly alfect physical performance since this isa
oondition af continued Army employment, this study yiclds
information about healthy young women who are olherwise
typical of e generud US. population. Generalizadon about
older active wemen must be made with caution because of the
selective which determinie (heir presence in this
sample, and because the intensity of physical training for
wamen during Army basic {where sureas fcactures
tend to emerge] increased markedly in 1678,

The assaciation af smoking with sell-ceported SF is ane of
the mayt lnteresting indings to emenge (rom this study. Ciga-
reste sraking has heen assoclated with reduced bone mineral
content and is!3% although some studies have
[ailed to demanstrate a coanection. ™ Our resylts provide Lhe
first suggestion of such a relatianship 10 stress (ractures. in a
papulation which is almast entirely premenopausal. Smoking
reduces serus estrogen levels (n a dose-relaied relationship,
passibly through a nieotine-induced acrease in hepatic metab-
olism 2472 and this reduction {a estrogen levels has been Inked
with 1 tread to reduced bane mineral density in smokers.2 It
may also be important that our smokers had a higher preva-
lence of sel(-reported SF than wamnea who were focmer smok.

L Sl XN 7, 7 A g
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ers since this suggests 1hat smoking may be 3 madifiable risk
lactar. We did not find any addiuonal difercnces in self-ro-
parted SF between duration of smoking {analyzed as a cantinu-
ous varable; data not shown) or sinoking mare than ane gack
per day in the current smokers.

Amenorrhea is also a factor idencified in this sludy which
may be modifiable through physician {ntesvention. Qur data
confirm previous Gindings In colleglate women athieles. where
stress (ractures were observed in 24% of women with irregular
ar absent menses but In only 9% of the women with normal
menses.® Like smoking. the effect on bone I presumably pro-
duccd by episodes of hypoesrogenism.'6.132¢ |ndeed, women
with a history of amenorrhen did oot have a significantly high-
er prevalence of =lf-reported SF if they also smoked. nar was
there a significant association between amenorrhea and sell-
reported SF in women who smoke. suggesing a single mecha-
alsm by which these two factars may produce a marked sus-
ceptibility to sclf-reporied SF. This effect on bonz density ap-
pears (0 be reversible with a regumption of menses.?s The data
sugpest that amenorrhea la a symptorm which may signal high.
er risk of bone infuries in women cngaged in vigorous weight.
bearing activites. such as running or marching. and measurcs
should be 1aken (o return such individuals (o norrnal menstru-
al patterns. Protertive measures might include reduced train-
Ing volutne ar Lhe prescription of estrogens {with opposing pro-
gestagens) by a physician if a significant reductfon in boae
density is established. e

Lloyd et al.% (ound thal risk of stress fracture was lower in
thase who uscd oraf contraceptives. We did not find any signifi-
cant relation to the use of oral cantraceplives. bul this may be
related o the difference In prevalence of amenorrhea in our
study papulation. The prevalence of amenorrhea may be high
{n some athletes and. in these women, the low-dose estrogen of
many conlraceptive preparations may offer some prolection
aguinst bone lass, (n contrast 1o athlete samples, only 14.9% of
cur population reported amenorrtiea “ever™ and only 1.3% of
the noo-pregnant women In our sample were currently am-
cnarrhele (>6 months since last menses aL the Ume of survey):
10% of our respondents were currently pregnant. This rate of
amenarrher ts similar to the paint prevalence rate of 1.8% re-
ported In 2 Swedish survey of a normal community,28

In our study. women running over 10 miles/Aweek or having
been told they were underweight were also mare likely to have
a history of amenarrhea, but these faciars appear to be anly
loosely assocated. Exercise serves as the stimulus for bove
remadeling but whether this will result in an increase in bone
density or ir a stress fracture appears to be dependent on other
factors, such as history of amenarrhea. This is suggested by
our data. and by (he results of studles of kmale athleies where
the rates of stress fracture in cumenarrheic exercising women
were ynremariable.¥ Intense excrvise may be Invalved in am-
enarriea. as evidenced by the ceturn of menses in same am-
eourThelc women who reduce thelr exerdise,?? but amenarrbes
anota comacguence of intemse exercise 38 Similardy.
low weight (or low bady fat) daes Dot necessarily prodyce am-
coarrhea. ?® These three fscmrs may be non-causally associ-
aled as commaon aspects af 3 behavioral andéor hypothalamic
disorder.® Underwelght was associaled with an increased like-
tthood of seif-reparted SF fa the younger women (<25 years
old) but. although body weight 18 a Getor (n bone mase 132
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underweight did not'emerge as an independent faclor associ-
ated with self-reporled SF in Lhis scudy.

Positive family history is recognized as a risk [actor in ostee-
porosis.'! and a reduced bonc mass has becn demonstrated in
relalives of osteoporotlc patients.™ Family history was a faclor
assaciated with an inereased prevalence of sell-ceported SF in
both black and non-black women in owr study. Ethnic origin
was 4 second unrelaled hereditary factor associated with sell-
reported SE. The reduced risk of osteoporosis in biack women
{s assoclated with a greater bone density. perhaps as a result of
reduced osteoclast activity. ¥ Whether or not this reduced ex-
cavalion of bone persists during an exercisc-1nduced remodel-
ing remains tc be demonstrated, but the achievement of a
higher bone mineral denaity in black women ts of tself likely to
be pratective of stress fraclure, an assaciation confirmed (n
this study. Brudvig et al.™ found that the 1-year incidence of
stress fraclure was 1:4 in black women compared © 11.8 in
white women in a young population of basic recruits reporting
1o a physical therapy clinic. While the incddence was |ower In
males. there was still a lower incidence in black males than
white males. Qur dala confirm this protective effect of black
ethnicity on sircss fracture.

This study suggests hypotheses for further investigation.
specifically the possibility that smoking. amenorthea, and
family history of asteaporosis are risk [actars lor suress fracture
in young women. while black ethaic origin may be 2 pmiective
factor.
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its CHAMPUS residential treatment care on

the RTC population, recidivism must be addressed.

The Committee, therefore, directs the Department to implement
a program of residential treatment services which inco
wundurﬁmu'pandmchmformnmben ciaries

in CARE regions 7 and 8.
Psychology Demonstration —The Committee supgt;x"g

the continuation of this program with representation from
service and requests that the Department provide the results and
recommendations of that program to the Committee no later than
September 30, 1996.

rmation network.—The Committee believes there ia a need
for development of a high-speed health care information, education,
and data gathering network. The Committee directs that funds
should be provided to enhance network infrastructure as well as
test new delivery technologies that can improve organization and
access to critical data and expand applications in the field.

Disaster management training.—The Committee endorses efforts
by the Tripler Army Medical Center to pursue the development of
a joint Department of Defense and University of Hawaii ter of
Excellence in disaster management training, research, technology,
and logistics. The Committee encourages Tripler Army Medical
Center to use available budget resources to continue these pro-

Incentive special pay [ISP]—The Committee directs that the As-
sistant Secretary of Defense for Health Affairs review the Depart-
ment’s policy for the disbursement of incentive special pay to en-
sure that all ISP’s are paid consistently. .

Neurofibromatosis .—From within funds available under this
heading, the Committee urges the Department to provide not less
than $8,000,000 in financial and technical support toward the
study of neurofibromatosis.

Nonequity in rank structure.—The Committee reiterates its posi-
tion that general officer selection and development programs in the
heaith care fleld should be based on fair and equitable criteria.
dm.' [} he Bla Mmnas ne OINIILLAR LITRe -

dhses —
omprehensive health care system.—~The Committee notes that in
March 1995, the Department awarded a multiple-vendor D/
SIDDOMS contract in support of the comprehensive health care
system [CHCS] project. This contract is meant to provide products
and services to maintain and expand automation in military hos-
siotg:mwhen the current CHCS contract expires in early 1996. The
ittee_encourages the Department to continue the develop-
ment of CHCS in the spirit of open competition and to ensure the
utilization of commercial-off-the-shelf [COTS] products in accord-
ance with existing requirements.
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‘pése. And. as the Departmeat’s managed care

T JXONTHIN 4VOlVus, Lew and creative
;I‘l:‘p:‘ must .be establlpdea O lQuaully wod
{mpleilivot Mvwguuenu la ue-utu curv Jo-

ayaterns. -
ml::cyoe{:wag this, the con!ereea u-roe with.
tne Senata proposul to eatalltsh a military
mealth care udvisory coudcll vy farum. Tuis
waly should serva aja untqoa meobuujun for
cupmnittiog  (deas. ldenti(ytng problems.
and’or developlng regularized and productive .
summunioations Ddetwesn the military

nealin services system. the Drivace sactor.

and uthar 1oterosted third parties.

At & mioimum, this body should lucoe:
porutls the following priuciples:

A representatlop schems which gouruocced
boLE equal oppurtanity fur all Intereatcd pac-
tles aud a diverse mix of participants.

An advisory fuuction only—one that bas nv
part W play !u the techpical: procurement
Jucture—so 03 (0 mialmize both the per-
ception 60d the reallty of Inﬂuancmg the
CODLIacLlor selectlon proceas.

The copfcrevs are willing (Q grovide cthe
Department of Deafense with constdersble
discretion as {t goes about meet{ng the In-
teat of the Congresa with respect to this
mattesr. But, in 80 case, will tha conferees
accept unreasonable delay or stonewalling
Ly the Department !n the implemeatation of
this program. Thus. the conferdes look for-
wurd to workinog with che Department of De-
(ense and. {n pargicular, the Asastant Sec-
retary of Defenase for Health Affalrs Lo datar-
miue the axact detalls of this udnsory body
over the cotling tnootba.

CLEFT LIP AND PALATE BURQERY

The conferees endorse the U.S. government

srogram which provides olefc lip and palute
surgery for childrea jo Hondurns, The coo-
(or06y ayTue thAL Decessury (ravel sxpenses
tacurred by milltary doccors sbould be puld
from witlla ths Program mnda a3 io the
past
MEDICAL RESEARCH

The confcrees recommend a number of ad-
Jjuitments to medical research and davelop-
mant. ‘Me tadle below highlights those medl-

tul program elements to which there D -

besn an adjustimegt.
“Rescarch, development, test and eveluation
(1o thonsands of dallars)

P.£ utle. end pragram con/.
Army
000110 A—Def. Ros. Sclunces:
Trauma Caro ...... rerrarstne s 150
Nucrition ... 250
Serum Cholestarol ................ ) 425
002167TA—Medical Technoloyy:
NUCTILIOR eiinereeeieieiciinenenne 180
Tisaue Rap. .. $.000
Dengue Fever ..., 1,000
Eptdermolysis Bullosa . 1,000

06uANZA—Medical Ady. Tech.. .\

Breasc Cancer ... 150,000
Prostate Cancer . 4.2%0
Woman's Health ... 40,000
Qvaring Cancer ... 1,50
Cell Regulation .... 2,000
MammoOgTadRY .....cve-ee © 2,000
3pinal/Brain Res [}
Lyme Digease ...... o0
Cuastal Canccr COnmol Pm- .
BURIT iiitnrneerirrensresscmereomemens 5,000
Qateoporoals 5,000
Nutrition ........ werneaens - - 180
®03105A—ATDS: AJ.DS Reecancn R <X 3D}
0605598 A~Management Head-
quarters (Rasearch and De-
velopmente). Akamal ..ot 12,000
Navy:
06021 EN—AViation Surv: Naval
Blodyuamice Lab. eeneeeeer 700
063Y106N—Medical Dav: . ] .
Naval Blodyoamics Lab. ... 700

+ Duafense-wide:

CON SRESSIONAL RI:CORD — HOUSE

P£.£. de. ana promuql Cany,
Bone MaTOW . .mcrermer—
Mammogiuphy Dev.:

Uruast Capcer (‘eut

-

[ . “

$.0m

mm'D-—Coopemr."u DOD'V A
Cooperative Research:

Guperal Research ...liveiiimees 0,000
_SplaalHrain Rew. ... 15,000
Prostaty Cancar ........ . 10,000
Gulf Wur Syndrome ........e.-.. 5,000
Total 63,585

MEDICAL ADVANCED TECANOLOOY

The coafereey have provided 3150,000.000 to
contious the Army’s Lresat cancer research
program. The confereus bhave allocated
£20.000.000 (or mammography efforta as ap-
proved by .the House. The conirrees are
aware of o gew applicatdon of military tech-
uology, relying on optical correlaton, which
can enable sutomatad mammography. soreon-
tog. The conferees urge the Army (o couslder
such applications of mmuu'y technology
within thia program.

A portion of the lncranc $15,000,000, ig pro--

vided (or Lnstitucions witl dedicated breasc
Cancer cenlers ay deucribed 1n House Report
103-2564 which accompanied the Deparcment
of Dolense Appropriatione Act, 109€. ‘The re-
maining funds sball be used Lo continue on-
goiog and initiate new breast caacer re-

"search under a aolicitation daveloped DY the

Department of tha Army tn conjunction with
A Breast Cancer Research Program lntegra-
won Panel slmilar to the facal year (FY)
1999 pane). procesa., The .conferdsa arge the

. Army and the ponels to solicit research pro-

posals in the Inatituts of Medicine (IOM)
gtrategy that were not well. represeatad in
the FY 1953 DOD prrogram. -

COASTAL CANGER CONTROL PROGRAM

The coulereecs provide 39,000.000 to chs
Charleston Naval Hospital only €0 support
the developmeat and implementation of a
Ccaatal Cancer Contzol Prograsm in conjuno-
Uoun with a State-owned comprebeaaive can-
cer center serving coastal South Carolina.
The conferees recognise that upon the clo-
surs of the Myrtle Deach Air Force Base and

-the Oharleston Naval facjlities, -access co
_ Gritical preventive health care sarvice» for

military depeadsats along coastal South
Carolina bhaa bicome more difficult. The
Coastal Cancer Coatrol program will address
th{s reduced accesa to cars and resultisg fu-
Oreasgd cancer mortality by oviding mo-
bilg uvcreening, education, preventive (nter-
ventiog, and follaw-up care to military de-
pendants and other medically undersorved
citizens of coastal Souch Carolina.
OBTEOPORQBIS RESTARCH
The conferees agres ta provide §5,000.000 for
reh 1DLO 08teopOrusis and relatad bona
diseases. This work ahould be done {n close
coordination with the National Insuituts for
Arthritts and Musculoskejetal and Qkin Dié-

saarch. .
TEAM COORDINAJ'XON o mmmcr mxm

The conferees BUDPOrT Tha Anny ruveearch
transferring 1088004 learnad (rom aviation.

crew goardination training (0 oorgvucy
medicine. This researoh will reduce patient
tisk and ipcrease etficlency, throogh im-
ptoved hospital amergency care. The con-
ferees Alrect that funds be made available

within the Medical Advanced Technology:

program {PE 603002A) for the damopsalion

‘of this program at Madigan Army Medical

Concer. by the Army Research Lad 1o coordl-
nation.with Rhods Island Hospital. The con-
farees encournge che Deparmment of Defense
to conatder deploying thia progrum a¢ all of
1ta milicary contment fucilities.

EY Q5 RPPROPRIATION S

" 3000 -

Military Medical Pasounel
" Spipal Cord Injury, Paralysis, Neuroscience

. Quire eurgery. llowaver,

eases, tho lead lnattcute for bona dlneuo ro-

{9653

BRAIN AND 8PINE REJEARCH
Tre vanfereed agree ta provide £15.000.000
in Couperative DOD/VA Medical Rascarcth
funding only for the contiauation of the DOD
Collaborative

Rescarch; Educatiou and ‘Trulalog program
fuitintead tn 1992, ’

TRANSURETHRAL HYPENTHE ".RMI.A

The confuteas arv awure of the promising
prelimiuary resulls of work being doae to de-
velop [rostata treaiynsnts which do not re-
1t {8 oocossary to
copduct randoinizéd trials o inOre- clearly
upderstand the Denefits of non-surgical pro-
cedures guch as transurethral hyperthermia,
Tlerulute, the cobferves Alrect the Depart-
meat. to uke & portion of this fundiug to N-

nenoe 4 well dellned sciend(lc study compar

ing the surgical reatMiout for Denign pros-
tutic hypurplasia with hyperthermia. The
multl-year wial shall be oconducted at a uny-

vorslty medical conter with & Nutional Med!- -

cal Tachnology Test Bed amllated with a
veternns hogpital in Californta.
GULF WAR SYNDROME

‘Mo - conferves have Drovided noooooo
within the Coaperative DoD/VA Medical Re--
ssarch programn ulsrpeunt for campetitively-
awarded lndependenc reamh on’ Qul! Wac
Syndrome.

Amendament No. 113: Dolnm 2 Houu provi.
sion making a portion of the eppropriston

and communicationa services (0T Mmombers of

the Armed Forces from the Amegican” Red .
Crogs. Amends Beuste luwum rau.rd.l.nx -

the Platwburgh AFB Hospital. . "~ "7~
CHEAICAL AQENTS AND nnmrnous
DESTRUCTION, DEFENSE .
Amendment No. 114: Appronriatas a wu.l

of $573,440.000 for Chemical Agwots and Mani- °
lnatead . of

tions Dwsmuction, Defenss ”
$562,949.000 aa proposed by the Howse u\d
$580,143,000 a8 proposed by the Senats.
OPERATION AND MAINTENANCR - . '~
Amendmeat No. 118: mmuuassmom
for operation and malotensncs lnstead of

$345,784,000 a8 propossed by the ‘House and.

$363,584.000 aa pruoposed by the Senate. The

.sabject to anthorizing legilation. Adds Sen.
‘ats language providing for ooralng. ressarch

conference ayrevment tncludes the {ouomn; )

8peoiflo increases above the budgot:

outreach .......cceeeeel sesanem

Risk Anelysis . 3,000,000
Surveillsncs .... . 4,600,000
JACADS §torm Raoovery 10,000,000

The conreronce agreement also lncor;
porates the three speci(ic reductions, total-’
ing $19,300,000, iacjuded in the Boun wx

PROCUREMENT | ..

Amendment No, 114: Earmarka 198, 965.030
for procurement fostend ol 5196,465.000 as.
proposed by the Huuse and $215.215 000 as pro-
posed by -the Genata. ‘The conferencs ugres-

roent {ncludeq, the following lncrer and
decrasses from the budget:
‘Activated Carbor Filtars:’ . o
gqulpmcn: Modification T
T TT: o < SRR ) " +$9,200 000
'Dooole {favility . +18,200,000
Anniston lacmuy . e . +15,000,000
Uinutille facilley ............ < +20,800,000
Equipinent, Pueblo factlity -4,700.000-.
Equipraant. Ptos Blufl fu- e
ciltty ... - 92,300,000
Equipmaent, Umullh faoll- B
LA S S -15.700.000

RESEARCH, DEVELOPKENT, TEET AND
EVALUATION ; :
Ameaudmeant No. I17: Earmaris $20,700.000
for rasearch, development, test.-and evaiua-
tion wa propoved by the Houwe um:am of
$11.300.(00 &> Proposed Oy Lhu Segpace: >
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OSTEOPOROSIS

J FoUNDATION

December 7, 1995

Joseph Osterman, Ph.D.
Director

Environment and Life Sciences
Room 3D 129

Pentagon

Washington, D.C. 20301

Dear Dr. Osterman:

As the President of the National Osteoporosis Foundation (NOF), I am writing
in response to your finding that osteoporosis has no relevancy to military
personnel. It is my understanding that, as a result of your finding, the
Department of Defense (DOD) will reject the $5 million line item for
osteoporosis research included in the DOD FY 1995 Appropriations Act. I
appreciate the opportunity to respond to your finding, and I hope that the
additional information contained in this letter regarding the impact
osteoporosis may have on military personnel will assist you in reconsidering
your position on this important issue.

Osteoporosis is a major public health threat to 25 million individuals -- 80%
of whom are women. In the U.S. today, 7-8 million Americans already have
the disease and 17 million more are at risk due to lower-than-normal bone
mass. Each year the disease causes an estimated 1.5 million fractures,
including hip, vertebral, wrist and other fractures. The medical costs
associated with this disease natonwide exceed $10 billion annually -- a figure
that is expected to increase dramatically as the population ages.

Despite these staggering figures, osteoporosis is preventable if measures are
taken before an individual reaches the mid-30s -- which encompasses the time
period that many men and women spend in the military. Skeletal development
in average healthy individuals is maximal at age 25 in women and age 30 to 35
in men. Once bone is lost, it can never be fully replaced, so prevention is of
the utmost importance. It is tragic that reladvely little is known about the
impact of exercise and calcium intake on building peak bone density of young
people as a preventive measure. It is essential that our youth in the military
build up their bone mass to maximum capacity in order to be well equipped
throughout their life span.

There are many factors that support the need for osteoporosis research in the
military:
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Joseph Osterman, Ph.D.

1. Institute of Medicine recommendations

A recent report by the Institute of Medicine recommended a long-term Defense
Department commitment to, among other topics, longitudinal studies on the risk
factors of osteoporosis and measures for its prevention (IOM, 1995, p. 37). The
report also stated that there is a need to examine the prevalence of menstual
dysfunction and subsequent health concerns such as stress fractures and osteoporosis

(p.43).

2. Increased number of women in the military

There are approximately 340,000 women in the US Armed Forces, nearly 200,000 on
active duty and 140,000 in the reserve (ibid.). Women now comprise 14% of the total
military active-duty force, including 12.8% of all officers. Some recruiting projections
suggest this number may rise to 20% in the near future (Gunby, 1995). With the
increasing number of women in the military, the health conditions of this population
will become increasingly important if they are to serve at maximum capacity and
strength, especially through the training process, the most expensive part of military
life.

3. Strenuous training can cause bone loss in women and men

Strenuous physical exercise induces amenorrhea, the cessation of menstruation, which
can cause bone loss that may lead to stress fractures. Amenorrhea occurs at a higher
rate in women who engage in strenuous physical exercise. [ have cited a number of
studies in the bibliography that support this point. But [ would like to highlight one
particular study of 2,312 active-duty Army women with self-reported stress fractures
(16.1%). This number reveals a positive relationship between stress fractures and
known risk factors for osteoporosis such as smoking, previous history of amenorrhea,
and known family history of osteoporosis. The authors of this study concluded that
the data suggest hypotheses of stress fracture pathogenesis in Army women that bear
further testing (Friedl et al., 1992).

Another study found that 55% of trainees in a light infantry unit suffered a training-
related injury, with stress fractures accounting for the largest number of limited duty
days. The authors (Reynolds, et al., 1994) concluded that cigarette smoking and low
endurance levels were risk factors. But, one must wonder how many of the women
with stress fractures had a history of amenorrhea? A medical history of amenorrhea
could, with further study, perhaps be added as a screening device when selecting new
recruits.
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In a four-year study of soldiers in basic training, 1,338 stress fractures were confirmed
in a population of 109,000 (Pester, et al., 1992). Female soldiers suffered more than
twice the number of bilateral fractures as the male soldiers, and 1.09% of the women
compared to .09% of the men experienced any fractures. Modifications were
implemented that resulted in significantly fewer fractures in the men (16.19%
decrease) and less in the women (7.32% decrease). Why did the modifications have
a more dramatic effect on the men than on the women? The issue of bone density
could certainly have played a part in these fracture rates. Since women in the military
are at substantially higher risk for stress fracture than men, these findings should be
of significant concern to the military.

In an unpublished study in which male and female West Point cadets were followed
over a four-year period and tested every six months, bone density dropped during the
first year of service. The loss was greatest during the first six months when the cadets
partook in the most strenuous exercise. The authors hypothesize that exercise-
induced injury is associated with decreased bone density. This calls for considerable
more study. First, it would be extremely valuable to follow these cadets through their
military careers. Second, one might also look at the correlation between birth control
pills, bone density, and injury rates in females. A third possible study might involve
the relationship between low free testosterone levels and injury rates (Copley,
Lindberg, et al., unpublished).

Would varying daily activity involved in the basic training program lower stress
fracture rates? It has been suggested that doing the same exercises every day is
unhealthy. Dr. Snow’s research in her longitudinal study of elite female runners
(mean age of 21) indicated a significant decline in bone density over an eight-month
period. The decrease occurred in amenorrheic as well as in eumenorrheic runners.
She theorized that the bone remodeling cycle is altered in favor of resorption due to
insufficient recovery time. These women rarely took a day off from running -- similar
to basic training of female recruits (Snow et al., 1995).

4. Eating disorders in women can cause bone loss

Women also become amenorrheic from eating disorders. Subjects with anorexia
nervosa have demonstrated decreased rates of bone formation and an increased rate
of bone resorption (Abrams, et al., 1993). Low bone mass seems to persist following
recovery, indicating that bone mass deficits acquired in adolescence may not be
completely reversible (Bachrach, et al., 1991). The onset of anorexia nervosa before
attainment of peak bone mass and prolonged duration of amenorrhea result in the
most significant loss of bone mass (Biller, et al., 1989; and Hay, et al., 1992).
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Approximately 1-4% of young women in the U.S. currently suffer from anorexia
nervosa or related disorders, and it is quite possible that a similar percentage exists
in the military. There is currently no information about eating disorders, amenorrhea
and military women.

There also is no information regarding young African American women who suffer
from amenorrhea or eating disorders. African American women tend to have lower
rates of osteoporosis due to a genetic tendency toward denser bone mass; however,
very little is known about this population’s physiology in reladon to bone resorption
and formation. A high percentage of women in the military are African American and
such information could be extremely important as this minority population increases.

5. Smoking can cause bone loss

Another risk factor associated with bone loss is smoking (Waldholz, 1994). While
smoking is banned at most Defense Department work sites, 31% of women on active
duty are smokers (Gunby, 1995), a percentage slightly higher than the national
average of 25%. However, bone loss due to smoking in not limited to women;
smoking also lowers bone density in men (Slemenda, et al.,, Annals of Internal
Medicine 1992). Smoking in the military could result in an increased financial burden
when caring for military retirees in the future; therefore, research into links between
smoking and osteoporosis that could then be used in smoking cessation programs
could be of great value.

6. Quantitative ultrasound can predict stress fracture risk in female army recruits

The new methods of measuring bone density now available, such as dual energy x-ray
absorptiometry, bone markers, and ultrasound would allow the military to screen
mulitary recruits for low bone mass. DOD-sponsored research -- currently only
available as an abstract -- finds that ultrasound can predict stress fracture risk in
female army recruits. A recruit with broadband ultrasound attenuation (BUA) of 63
has a 1-in-8 chance of having a stress fracture during basic training (Kimmel, D.F. et
al., 1995). A quantitative ultrasound thus predicts stress fracture risk during basic
training in women. This same instrument can also identify persons with high bone
strength. Individuals with high bone strength would be well-suited for especially
physically demanding duty such as paratroopers, Rangers and the like.

6. Dietary calcium intake can build bone mass

While protecting “bone health” in young people can be a problem, there are studies
that clearly indicate the benefits of addressing this problem. For example, one study
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of calcium supplementation in adolescent girls resulted in significant increases in total
body and spinal bone density (Lloyd, et al., 1993). Another study of adult women in
China from five rural areas where dietary calcium varied considerably concluded that
daily increases in dietary calcium significantly increased bone mass (Ji-Fan HU et al.,
1993). With further research, the military could assure that its recruits increased their
daily intake of calcium, thus ensuring their future bone health.

In summary, [ hope you will agree that we have presented a compelling case which will cause
you to reconsider the relevancy of osteoporosis to the military. As you know, the Military
Health Services System serves 8.3 million people, including active and retired military
personnel and their dependents. In FY95, program costs were about $15.3 billion. To
contain health costs, prevention is key, and research is the first step in prevention. The
increasing number of women in the military presents new health challenges, some of which
are directly related to osteoporosis. Understanding the correlation between bone loss and
excessive exercise, amenorrhea, and smoking in military personnel will only serve to
strengthen the overall readiness of the defense system as well as generate significant cost
savings through reducton of stress fractures. It also will save health care dollars by
preventng costly fractures in the aged.

The $5 million appropriated to the DOD in FY 1995 could fund important research projects
that seek to answer some of the many questions remaining about bone loss in the second,
third and fourth decades of life. With the new methods of measuring bone density, the
military has an excellent opportunity to study the determinants of peak bone mass and early
bone loss.

The National Osteoporosis Foundation remains at your service to assist you with any
questions this letter may have raised. Please contact me at (914) 947-3000 (x3494), or Bente
E. Cooney, Director of Public Policy at (202) 223-2226.

National Osteoporosis Foundation
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RECOMMENDATIONS FROM INSTITUTE OF MEDICINE

Recommendations for Research on the Health of Military Women. Committee on Defense
Women's Health Research. /nstitute of Medicine. National Academy Press, Washington, DC 1995.

The committee recommends that the research problems or questions to be studied are unique
to military women (e.g., a study of the potential reproductive toxicity of chemical weapons
or medications used to counter them), or is especially prevalent among military women (e.g.
a study of rapid diagnosis and treatment of sexually transmitted disease, or of stress fractures
and other overuse injuries common in basic training, or is related to the ability of military
women to perform their mission responsibilities (e.g., a study of the effect of premilitary abuse
on response to violence and trauma).

INCREASING NUMBER OF WOMEN IN THE MILITARY

Unique Medical Problems of Military Become Part of Intensified Research into Women’s
Health. Phil Gunby. Journal of the American Medical Association. September 27, 1995; 274(12)
:932-933.

A report from the Committee on Defense Women's Health Research recommending long-
term Defense Department commitment to longitudinal studies on questions of the aging
process and physical skills required in the military, risk factors for osteoporosis, relationship
of joint disease and physical activity, occupational exposures and cancer risk, and psychiatric
sequelae such as posttrauma disorder. The committee added that a focus for further research
should be on military women’s physiological, psychological, nutritional, and behavioral
response to a number of factors in military life.

Exercise, Age and Bones. Thomas WC Jr. Southern Medical Journal 1994 May; 87(5) :S23-5.

Skeletal development in average healthy individuals is maximal at age 25 in women and at age
30 to 35 in men. The degree of osteopenia in the elderly depends partly on skeletal
development during formative years and can be prevented from becoming severe by
maintaining good nutritional status and physical activity. Maintenance or actual increase in
muscle mass is a desired effect of appropriate physical activity, but excessive physical exercise
may induce estrogen deficiency and menstrual irregularities in premenopausal women.

.



THE IMPACT OF EXCESSIVE EXERCISE ON BONE DENSITY IN WOMEN

Bone Health and Prevention of Osteoporosis in Active and Athletic Women. Snow-Harter CM.
Clinical Sports Medicine 1994 April; 13(2) :389-404.

To prevent both stress fractures and premature osteoporosis, active and athletic women
should be encouraged to keep accurate records of their menstrual cycles and monitor any
divergence from normal with bone mass evaluaton. Recommendations for treatment include
decreased training and volume, increased calcium intake, increased resistance training and
possibly estrogen replacement therapy for those who are not willing to make changes in diet
and exercise level.

Lumbar Spine and Hip Bone Mass Changes in Femnale Runners and Gymnasts. Robinson, TL,
Snow-Harter, D, and Shaw, J. Medicine and Science in Sports and Exercise 1995; 27: S68.

Significant loss of bone density in the femoral neck and lumbar spine was detected over an
eight months period in elite female distance runners. This decrease is related to intensity and
volume of endurance activity and occurred in amenorrheic as well as eumenorrheic runners.
The authors theorize that the bone remodeling cycle is altered in favor of resorption due to
insufficient recovery time. The women in this study had a calcium intake that averaged 700
mg/day, considerably below the RDA recommended intake.

Low Bone Density at Axial and Appendicular Sites in Amenorrheic Athletes. Myburgh KH,
Bachrach LK, Lewis B, Kent K, and Marcus R. Medicine and Science in Sports and Exercise 1993;
25(11) :1197-1202.

Researchers studied 12 amenorrheic and 9 eumenorrheic (normally menstruating) women
athletes and found that bone density was lower in amenorrheic subjects at several sites. The
conclusion was that low bone density in athletes with amenorrhea is not limited to the spine,
but is also present in weight-bearing bones such as the hip, legs, and total body.

Running Induces Menstrual Disturbances But Bone Mass is Unaffected, Except in
Amenorrheic Women. Hetland ML, Haarbo J, Christiansen C, Larsen T. Journal of the American
Medical Association 1993 July; 95(1) :53-60.

Two hundred and five female runners were investigated as to the prevalence of exercise-
related menstrual and sex hormonal disturbances and the effect of exercise on bone mass and
metabolism. The prevalence of amenorrhea increased from 1% in the normally active subjects
to 11% in the elite runners. In the large majority of the runners, no skeletal affection was
found despite significant sex hormonal and menstrual disturbances. Only the runners with
amenorrhea might be at increased risk of osteoporosis.



Bone Gain in Young Adult Women. Recker RR, Davies KM, Hinders SM, Heany RP, Stegman
MR, Kimmel DB. Journal of the American Medical Association 1992 November 4; 268(17) :2403-8.

This study looked at bone mass gains over 5 years in 156 healthy, non-pregnant, white female
college students. The conclusion was that bone mass gain is positively influenced by modest
increases in calcium intake adjusted for protein intake, in self-selected physical activitues and
in the use of oral contraceptives in the third decade of life.

Factors Associated with Stress Fractures in Young Army Women: Indications for Further
Research. Freidi KE, Nuovo J. Military Medicine 1992 July; 157(7) :334-338.

The authors surveyed 2,312 active duty Army women for the prevalence of ever having been
diagnosed with a stress fracture (16.1% of respondents) and examined the relationship
between surveyable risk factors for low bone density and this self reported stress fracture
history. Current smoking, previous history of amenorrhea, and known family history of
osteoporosis were significantly associated with self-reported stress fractures.

Menstrual History as a Determinant of Current Bone Density in Young Adults. Drinkwater BL,
Bruemner B, Chestnut CH 3d. Journal of the American Medical Association 1990 January 26;
263(4) :545-8.

Four years of research on 97 women ages 18-38 showed that young amenorrheic athletes
have significantly lower vertebral bone density than control subjects with normal menses. A
significant relationship was found between current vertebral density of these women and their
past and present menstrual patterns. A combination of menstrual patterns and body weight
predicted 43% of the total variation in lumbar density. This bone loss was reversed when
amenorrheic women decreased their activity levels or gained a small amount of weight.

Menstrual Function and Bone Mass in Elite Women Distance Runners. Marcus R, Cann C,
Madvig P, Minkoff J, et al. Annals of Internal Medicine 1985; 102(2) :158-163.

Bone mass and metabolic features were studied in 17 women distance runners. Bone density
of the spine was lower in amenorrheic runners than in those with normal menstrual periods,
but higher than in those with amenorrhea who are not physically active. Running-related
fractures were more frequent in amenorrheic women. The conclusion was that intense
exercise may reduce the impact of amenorrhea on bone mass; however, amenorrheic runners
remain at high risk for exercise-related fractures.

Exercise-Induced Amenorrhea and Bone Density. Lindberg JS, Fears WB, Hunt MM, Powell MR,
Boll D, Wade CE. Annals of Internal Medicine. November 1984; 101(5) :647-648.

Investigators examined the effects of exercise-induced amenorrhea on bone density in female
runners. Bone loss occurred in women with exercise-induced amenorrhea.
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STRESS FRACTURES IN MILITARY TRAINING

Quantitative ultrasound predicts stress fracture risk in female army recruits. Kimmel BD,
Lappe JM, Hise L, Lauren MJ, White M, Stegman MR, Raab-Dullen DM. Osteoporosis
Research Center, Creighton University; Omaha, NE and Orthopedics Department; Fort Leonard
Wood, MO. Unpublished.

The purpose of this study is to predict the risk of stress fracture during routine Army basic
training by using ultrasound bone mass measurement tests in 890 female Army recruits. The
stress fracture incidence was 4.6%, 41 of the recruits fracturing after 19 days of training. It
was found that a recruit with broadband ultrasound attenuation (BUA) of 63 has a 1-in-8
chance of having a stress fracture during basic training.

Cigarette Smoking, Physical Fitness, and Injuries in Infantry Soldiers. Reynolds KL, Heckel
HA, Wit CE, Martin JW, and others. American Journal of Preventive Medicine 1994 May; 10(3)
:145-50.

This study evaluated a light infantry unit prospectively and following it throughout one year
of infantry training and operations. Fifty-five percent of the soldiers experienced one or more
training related injuries. Fractures accounted for the greatest number of days of limited duty.
Logistic regression showed that cigarette smoking and low endurance levels were
independent risk factors for training injuries. A number of modifiable injury risk factors were
identified, suggesting that a number of these injuries may be preventable.

West Point Cadets. Copley JB, Lindberg, JS, Wade, C, Ryan, J. Ochsner Clinic, Department of
Internal Medicine,Section of Nephrology. Unpublished.

Male and female West Point cadets were followed over a your-year period and tested every
six months. Bone density was found to dropped during the first year of service. The loss was
greatest during the first six months when the cadets partook in the most strenuous exercise.
The authors hypothesize that exercise-induced injury is associated with decreased bone
density.

Intrinsic Risk Factors for Exercise Related Injuries Among Male and Female Army Trainees.
Jones BH, Bovee MW, Harris JM 3d; Cowan DN. American Journal of Sports Medicine 1993 Sept-
Oct; 21(5) :705-10.

To identify intrinsic risk factors 391 army trainees (124 men, 186 women) were studied for
eight weeks. Women had significantly higher incidence of ime-loss injuries than men. Men
with histories of inactivity and with higher body mass index were at greater risk of injury than
other men, as were the shortest women.



Stress Fractures in the Lower Extremities of Soldiers in Basic Training. Pester S, Smith PC.
Orthopaedic Review 1992 March; 21(3) :297-303.

In a four year study, 1,338 stress fractures were confirmed in total training population of
109,296 for an incidence of 0.96%, .91% of the men and 1.09% of the women experienced
fractures. Female soldiers suffered more than twice the number of bilateral stress fractures
than men. Modifications in the physical training aimed at eliminating continuous, high impact
activities during high risk weeks resulted in a 12.73% drop in fracture incidence (decreases
of 7.32% in women and 16.19% in men).

EATING DISORDERS AND BONE DENSITY

Mineral Balance and Bone Turnover in Adolescents with Anorexia Nervosa. Abrams SA, Siiber
TJ, Estaban NV, Vieira NE, Stuff JE, Meyers R, Majd M, Yergey AL. Journal of Pediatrics 1993
August;123(2) :326-31.

Seven female adolescents with anorexia nervosa were evaluated to determine whether calcium
metabolism was affected by their disorder. The percentage of absorption was lower in
subjects with anorexia nervosa than in the control group. Calcium kinetic studies
demonstrated a decreased rate of bone formaton and an increased rate of bone resorption.
The authors hypothesize that improvement in bone mineralization during recovery from
anorexia nervosa will require resolution of hormonal abnormalities.

Predictors of Osteopenia in Premenopausal Women. Hay PJ, Delahunt JW, Hall A, Mitchell AW,
Harper G, Salmond C. Calcified Tissue International 1992;50 :498-501.

Sixty-nine female anorexia patients age 20-40 and thirty-one controls were given spinal bone
density tests. Bone density was significantly lower in the patient group. Bone density
correlated significantly with duration of illness, amenorrhea, and weight histories, but not with
calcium intake or exercise levels. The most important predictor was duraton of low calcium
intake during adolescence. Regular exercise and adequate dietary calcium did not appear to
prevent bone loss related to prolonged periods of low weight and amenorrhea.

Recovery From Osteopenia in Adolescent Girls with Anorexia Nervosa. Bachrach LK, Guido
D, Katzman D, Marcus R. Journal of Clinical Endocrinology and Metabolism 1991; 72(3) :606.

Decrease in bone mass is a complication of anorexia. The bone mass was measured in 15
anorexia patients at the start and again at 12-16 months. Despite gains in bone density for
some, 8 patients had low bone mass in the spine and/or whole body. Changes in body mass,
weight, and height were significant predictors of changes in bone density. Low bone mass
persisted following recovery, indicating that bone mass deficits acquired in adolescence may
not be completely reversible.



Mechanics of Osteoporusis in Adult and Adolescent Women with Anorexia Nervosa. Biller BM,
Saxe V, Herzog DB, Rosenthal DI, Holzman S, Klibanski A. Journal of Clinical Endocrinology and
Metabolism 1989; 68(3) :548-54.

Twenty-six women and seven adolescents were studied to determine the consequences of
developing anorexia nervosa before attaining peak bone mass. Adult padents had significanty
reduced spinal bone mass. Those patients who experienced amenorrhea before age 18 had
significantly lower spinal bone density than those developing amenorrhea later. The study
concluded that both the onset of anorexia nervosa before the attainment of peak bone mass
and prolonged duration of amenorrhea result in the most significant loss of bone mass.

SMOKING AND OSTEOPOROSIS

Cigarettes Found to Boost Women’s Osteoporosis Risk. Waldholz M. Wall Street Journal
February 10, 1994.

Cigarette smoking significantly increases a woman’s risk of developing the bone-thinning
disease osteoporosis in this report on research conducted by Ego Seeman and John
Llewelyn at the University of Melbourne. The researchers studied 41 pairs of twins, one
who smoked and the other who did not. They found the smokers had 1-2% bone loss for
every ten years smoking while the non-smoking twin did not. The more frequent smokers
had bone losses up to 5-10% enough to sharply raise the risk of fracture.

Long-Term Bone Loss in Men: Effects of Genetic and Environmental Factors. Slemenda
CW, Christian JC, Reed T, Reister TK, Williams CJ, Johnston CC. Annals of Internal Medicine.
1992; 117 :286-291

This was a 16 year cohort study of 111 male veterans each of whom was a twin. Bone
mass and environmental factors including cigarette smoking, alcohol consumption,
physical activity, dietary calcium intake, and use of thiazide diuretics was measured at
baseline and 16 years later. Two environmental factors emerged as consistant independent
predictors of bone loss. Those who smoked at all lost more bone over 16 years than did
the non-smokers. Similar associations were observed between alcohol and bone loss. The
adverse effects of cigarette smoking and alcohol consumption beyond minimal levels have
been established for many chronic diseases and now must include osteoporosis in both
men and women.

IMPACT OF CALCIUM DIETARY INTAKE ON BONE MASS

Calcium Supplementation and Bone Mineral Density in Adolescent Girls. Lloyd, T. et al,
Jounal of American Medical Association 1993 August 18; 270(7):841-844.



A double-blind, placebo-controlled trial of the effect of 18 months of calcium supplementation on
bone density and bone mass in 94 girls resulted in a significant increase in total body and spinal
density. The increased intake was from 80% of the recommended daily allowance to 110%.

Dietary Calcium and Bone Density Among Middle-Aged and Elderly Women in China. Hu,
JF, et al., American Journal of Clinical Nutrition 1993; 58:219-27.

Association between dietary calcium and bone status were investigated in 843 Chinese women
from five rural counties where dietary calcium varied considerably. Analysis for all counties
combined showed that bone mass were correlated positively with total calcium. The results
strongly indicated that dietary calcium, especially from dairy sources, increases bone mass in
adult women by facilitating optimal peak bone mass earlier in life.
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U.S. ARMY MEDICAL RESEARCH AND MATERIEL COMMAND :
FORT DETRICK, FREDERICK, MD 21702-5012

November 19, 1895

aga v "I
ATTENTICN OF

Operational Medicine
Research Program

Ms. Sandra C. Raymond

National Osteoporosis Foundation
1150 17th Street NW, Suite 500
Washington DC 20036-4603

Dear Ms. Raymond,

Thank you for your interest in the Army Operational Medicine
Research Program. I understand that my predecessor, Colonel
Gifford, had spoken to representatives of the Osteoporosis and
Paget’s Foundations about the possible competitition of research
funds in this area. However, the funds for osteoporosis research
were not released to us.

As you may know, bone health is a key military readiness issue
which is being addressed in our research program. This is
particularly an issue for young servicewomen who are still
accruing bone mineral. Clearly, the way we feed and train our
young women may influence their risk for osteoporosis later in
life. Of immediate concern to the military is the similarity
between factors which predispose a woman to osteoporosis risk and
the risk of stress fracture in basic training, including factors
such as cigarette smoking, low body weight, and amenorrhea.
Studies of women in Army basic training, Marine recruit training,
and plebes at West Point all indicate rates of stress fracture
which are 10-15% of the women, compared to 1-3% of men in the
same study.

In the Defense Womens Health Research Program (DWHRPS94), we
targeted stress fractures for concerted research likely to have
an impact on military readiness. Three extramural projects were
funded, for a total of $1.8 M (enclosure). The U.S. Army
Research Institute of Environmental Medicine has also conducted
research in this area, but there is much more to be done,
including intervention studies involving training, diet, and
hormones, and bisphophonates.

I welcome your support of this important research. We will keep
you informed of the results of our research. My point of contact
for further discussion is Major Karl Friedl, (301) 619-7301.

Sincerely,

tpnid 5 Veze

Frederick W. Hegge, Ph.D.
Director, Army Operational
Medicine Research Program
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January 5, 1996
PRIVILEGED AND-CONFIDENTIAL
TO: Debbie Fein, The White House

FROM: Christine Warnke
RE: Meeting on January 17, 1996 at the White House

This is to follow-up our conversation regarding the Department of
Defense Bone Disease Research Funds. Attached is a letter initiated by Senator
Bill Cohen and signed by ten other Senators to Defense Secretary William Perry
regarding the DOD funding which I believe is self-explanatory. Some issues we
want to address at our meeting of January 17, 1996, include the following
questions: '

What kind of peer review system will the Department of
Defense devise for these research projects?

What are DOD's programmatic goals?

I will call you next week so we can further discuss this meeting in
more detail. Also enclosed is a detailed fact sheet on Osteoporosis and Defense and
an article entitled “Factors Associated With Stress Fractures in Young Army
Women: Indications for Further Research.”

DETERMINED TO BEAN
ADMINISTRATIVE MARKING
INITIALS: 44~ DATE: 2/25/14

ERUSERIS LONDON MOSCOW PAXIE® PRAGUR WAKRAW
\\\DC - 803343008 - 0220078.01 BMITIMORE, MD EITHESDA, MD COLORADO APXINGA, OO0 DINVER, CO MCIEAM, VA
*Alad Offio



. JAN 16 ’96 12:@6PM H & H 13E 408 - P.2/18

WL LiaM §. COnEN, Marnd. OlAifsaN

LAREY PREBELAR, LOAITw DaXQTa VAVID SEYON. abian(al
CHAALED §. AA4JALEY, IDWA JQmm ALiNw, Quio
Aaaié € CHUSUON, wrronswud Sk MADEY, Mg g me( Y
s e -:b:-unuww" [ b T
1 ¢ na -

nEID, Nt
e g LT, United States Senate
ACK LANTORUN, PENRTVLYANA A2\, D. PEWGOLD, WiSCONS I
FRED TuOMPLON, TERaaLi6E CARDL MOLELEY-RRaUN. uu-'gu SPECIAL COMMITTEE ON AGING

alty GERRY CHPIN, STANY CARCTOUGHES COUNELL WASHINGTON, DC 205108400
ToRESA o FORSTER, MINOIUTY £TAST IRECTON

December 8, 1995

The Honorable William Perry
Secretary of Defense
Departmient of Defense

The Pentagon

Washington, D.C. 20301

Dear Secretary Perry:

We are writing to express our support for the Department of Defense to initiate its
research efforts on osteoporosis and bone related diseases funded by Congress in 1995. Inthe
Fiscal Year 1995 Defense Appropnations legislation, funds totaling $S million were
appropriated for the Department of Defznse to carry out osteoporosis and bone related disease
research. Unfortunately, DOD continiues Lo delay the release of these much needed funds.

Osteoparosis is a major heslth threat for 25 million Americans, 80 percent of whom are
women. In the United States today, seven to eight million individuals already have the disease

and 17 million mare have low bone mass, placing them at increased risk for osteoporosis.
Further, a great deal more research needs to be done in order to determine the causes of stress

fractures in both servicemen and women.

We believe the need to expand present medical research on osteoporosis and bone related
discases is evident. Findings that emanate from such DOD efforts will not only assist our active
duty forces but will also serve to find the means to treat the millions of Americans who are at
high risk or have developed this debilitating disease. We ask that the funds already allocated by
Congress be released so our military personnel can benefit from this much needed research.

In light of the 197,291 servicewomen in the Ammed Forces and the trend toward more
wormen entering the military, we strongly believe these diseases pose significant defense health
risks and waztant the release of these important funds.

Thank you for your attention fn this matter and please keep us informed of your efforts in
this area. '

Sincerely,
W% g Coheng Daniel K. Akaka
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OSTEGPOROSTS AND DEFENSE

Osteoporosis affects 25 million Americans, 80 percent of whom are women. Each ye:u there are 1.5 million
osteoporotic bone fractures including more than 280,000 hip fractures, 500,000 vertebral fractures, 250,000 wrist
fractures and the balance at other bone sites. The medical costs associated with this discase exceed $10 billion
" and are expected to dramatically increase as the population ages. Without intervention, the costs in the Year

" 2010 will exceed $60 billion and are expected to reach $240 billion by the Year 2050. Recently, the University
of Southern California’s Gerantology Center reported that the costs associated with osteoporosis and Alzheimer's
disease threaten to swamp the medicare system.

Recently, we contacted the VA data center and found that, in 1993, there were more than 2,600 men over the
age of 65 admited to the VA hospital system due to hip fractures attributable to osteoporosis. These admissions
accounted for 66,000 hospital care days. We have now requested information on the number of women who
bave received VA medical care for osteoporosis-related hip fractures. The average acute care cost of one hip
fracture alone is $40,000. Since women are four times more likely to develop hip fractures, it is likely that the
total number of admissions is much greater than the number cited above. It is unknown how many more men
and women have received medical care for osteoporosis-related fractures of the spine, wist ard/or other bones.

Osteoporosis is essentially preventable and treatable; but, the disease must be preveated in 20 and 30 year olds.
For once bone is lost, it cannot be replaced. Bone loss is progressive and irreversible: prevention is the key!

Presenty, there ase 197,291 servicewomeq in the Armed Forces. This number represeats 12.1 percent of the
total active duty forces. As more women enter the armed services, osteoporosis will increzsingly becoms a
defense health issue. For many women, excessive physical training causes amenorrbea and leads to the loss of
the protective effect of estrogen on bones. This bone loss eventually causes osteoporetic frectures. There is
also evidence that males suffer activity-related hypogonadism, which may also lead to ost-oporosis and fractures.
To address the problem, basic and clinical medical research is needed to:

> Overall, swengthen basic and clinical rescarch programs 1o uncover the pathogunesis of osteoporosis,
increase understanding of the basie cellular mechanisms by which bone remodeling is controlled

> Conduct studies on the pathogenesis and treatment of glucocorticoid-induced ostedporosis

> Study activity-related bone loss in women and men related to high-level physical activity

> Determine levels of activity which improve the skeleton, not impair bone metabolic function

> Studs' the parameters of short-term morbidity associated with musculoskeletal injuries related to training
> Study medical interventions which may offset bone loss in men and women

> Determine the etiology of hypogopadism in male recruits

> Determine which bone sites are most affected by physical training issues (excessive training usually causes
low spinal bone mass, what happens at the hip?)

» Examine the level of musculoskeleta] stress fractures due to equipment worn (bx'ots) or carried during
training
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Factors Associated with Stress Fracture in Young Army
Women: Indications for Further Research

MAJ Rarl E. Briedl, MSC USA*
Jennifer A. Nuovo, MD1

Several (actors ohich affect bane density aod predict risk of
asteoporasis (e.g., et.hmcangln amenarrhea) are reportedly as-
wtamm;WMdmrmuggn
premepopausal womes. The aurthars sarveyed ve
duty Army wemen (oc the prevalence of ever baring beeg dlag-
noserd (“todd by a doctcr™) with 3 siress fractare (16.1% of re-
spondents) and examined the relatjanahip between surveyalle

risk factors for low bone deosity wnd this self-reparted stress

fracture history (sell-réported SF). Current smoking. previcus
history of ametiorrhes (mepses absent > § moaths), 2nd ksown
famzily history of cstecporusis were significaatly sssociated
with geif-reported SF. @hile hlack cthnic qrigin was a protective
factor. These data suggest hypotheses of streas (racture patho-
genesis in Army wamen which bear farther testing.

Iatrodactian

Womcn mt.heUmted States now participate in exercise pro-
grams moce than ever befare. A subset of these women
will develop stress fractures as a coasequence of the increase (o
weight-bearing exercise.! Women are at substantially higher
risk for stress [racture than roen. This difference has been
noted 1n military basic trainiog. where 10-12% of wernen sul
fer stress fractures. compared (o an incidence of 1-3% of men
participating (n the same training.2-* Bone remodeling ks part
of 2 oarToa) response (0 physical stressors and chis i generally
expected ta cesult In 2 stronger boge:$-6 however, 10 some sus
indjviduals, a debllitaling fracture occurs in re
modeied sites befare the changes are complete.4? Reeent re-
search atteniion has been focused on stress frachure in
amenorrheic athletes, where meastrual stitus appears to play

*Division of Oreepaticnal Plosieiogy. US. Ammy Gaewreh lostiue of
Exrviranmenmal Modicie. Naucl. MA Q1760-5007.
of CQinesl lpvesugadon. Madigen Aray Mool Cencer.
Tacang, WA 38431-5454¢. .

The viewa, apintons. and ndings tn (i repwe wre e of Ow euthara
and Ahould et Se constreed a8 an afieml Departmnest of Aoy posiiim,
micy. & cectein.

This memusripl wan recewey for review o Jamary 1951, The revised
rarcnpl wes acxyscd far publication (o Aagus FRL

Reprinl & Capyrig © by Assoemtsn of iiary Surgeas o US., 1993.
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a role in determining which wamen will be mast susceptible Lo
stress fractuce.® Presunably this risk is greater in individuals
with lower bone densities and may also be related o other
factors which predict risk of ostcoporasia iv women. These fac-
tors include Astan or white caze® 10 famlily histery of ostea-
parasis,” underweight.!3-13 exercise,!* and factory related (o a
reduced estrogen level such ag smoldng, ' episodes of amenar-
rhea.'s and post-menopausal siatys. (7

We conducted a pilot study to nvestigale the association of
surveyable factors which have been Lnked to reduced bone
density to self-ceported history of medically diagnosed stress
(racture (seif-ccported SFY. This was performed with an Army
populaticr consisting primarily of pltmsmpunu physically
acdve women lacking significant iliness.

Methods

A questionnaire was developed which asked 18 questinns
about the presence of factocs associated with reduced bone
densicy. The questions were brief and called for simple an-
swers. An initial vervion of the questionnaire was administered
to 50 soldiers who were then interviewed by a physieal thera-
pist (JRD) aboul thelr responaex; the flnal form was a refine-
megt based ou this test survey,

We dellned aedf-reported SF history a3 a pastiive response to
the question: “Has a doctor ever tald you that you had a stress
fractumre?® A few af these respanses were reclasnified as nega-
tiye when the subsequent question (“If yes, what part of your
bady?"] turoed up Improbable mare relawd to pyy-
chological sureas. such as “bruin® and “stoguch® The types of
gtress fracture most likely (o be detected and corvectly diag
noscd at a general medical aeatment facility would generally
be categarized a8 symptomatic, efther with debilitatiog patn or
frank (raciures. Since qedical records were not availahle in
SF canes could nat

by some respoodenta, an unkngwn number of discrders may
have been misclassified a8 gtress frachure. periostitia,

compariment syndromes, infections, pre-existng booe peob-
lems (bone cyses, old (gfuries), or musele fatigue prablema.
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Thus. in (his study we refer lo these putative stress fracture

diagnoses 3s seif-reported SF with the undersianding that
- these are unconfirmed diagnoscs.

© Wedefined amenorrhes as a 6-month absence of menses nat
associated with pregnancy. Family histary of ostcoporasis wag
indicated from “did your mother or your grandmother develop
1 hunched-aver appearance oc break their hips?”. if (bis {nfor-
matlon was known. Weight trends were asseased by asking the
women If they had ever exceeded Army weight standards (i.e..
body mass index > 23-24 kg/m3 or il they had ever been told
thal they werc.underwelght. Exercise habits were investigated
by "bow many days per week do you exercise?” and, since
running s the primary forro of arganized exercise in the Army.
we alsg asked “how many miles per week do you run?” The
presence or absence of other factors were determined with sim-
ple “yes™ of "no” questions.

The questonnaire was mailed (o the duty addresses of every
active duty female soldier at Fort Lewis. Washingron in July
1987 (N = 2.462). The questionnalre was accompanied by a
short letier signed by a female Army physiclan (JAN) soficiting

" participation in a study “Important to the health of lemale sol-
diers.” Soldiers were also askrd to return separdiely an idenu-
fying postcard indicating whether or nat tbey planned lo re-
turn a sucvey (orm. Completed surveys were returned by 1.295
soldiers: |.2B8 pasicards werc alsg recurned. including 8 which
indicared that the subjects would not parucipate. Four weeks
alter the first mailoul, a second copy af the survey was sent to
1,082 soldiers who were presumed (o have been reached by the
first survey but had nol retumed a postcard. They were en-
couraged (o return a survey If they had nol already done so. A
total of 1.630 out of 2.312 (70.5%) deliverable questianniires
were returned within 10 weeks of the (irst mailoul and these
were used in the analysia.

Factors associated with reparied stress fructures were can-
trasted using a contingency table farmat with a chi-square test
Logistic regression was performed 10 determine the sirength of
the assoclation between significant factors and suess [rac:
wres. The Mantel Haensze) chi-square Llest was used to exam-
ine the cffect of age and ethnie origin an the other faclars
(BMDP87. Les Angeles. California).

Results

The mean age in the survey sample was 26.) £ 5.8 (SD}
years {median age: 24 years; range 18-52). The ethnic break-
down of respondents was 57.1% non-Hispanic white, 32.8%
black, 5.0% Hispanie. 22% Asian. and 2.9% other ar un-
specifled. (n this sample. 16.1% of women bad selfreported SF
histaries. The most prevalent location (or the injusy was the leg
(532% of stress fractures reported) (Table 1) Other known
characteristics of the survey sampie are preseated in Table ll.

Table [ compares the percentages of women with selfre-
parted SF in subpopulasions of women with ar without factars
which) affect bone density (chi-aquare test) Analyeis by step-
wise fogistic regromion yielded five [acters independently agso-
ciated with self-reported SP. histary of amenorhea. current
cigarette smoking, noz-black ethaic arigin, known family his-
tory of osiegporesis, and youag age Age was iocluded in the
logistic analysis as a continuous variable and the akewed dis-
tribudon was narmalived with 2 Jog Uanaloroiation. All of

Prupoctiun of all

Location  Numbcr  Stcess Fractures [266) Sampic (1.630
Privis 13 %61 <10%
Hyyihigh 2 a7 14
g 10 S3.3 8.6

.| Foat ] 28.1 N % |
Ouher 1 42 <1
Taust 13 99.9%~ 181%

P.7710

TABLES
LOCATION OF MEDICALLY DIAGNOSED STRESS FRACTUKES

Previdence in Overull

“Toial 8 1ens than 100% duc la raunding.

these terms and Lhe likelthood rato for the loglstic mode] were
sigaiflcant at a probabilily level of 0.005 or less.

Based on the logistic analysis, tbe probability of sell-ce-
ported SF renged [rom 31.6% in a non-black smoker with epi-
sodes af amencrthea and a lmily history of asteoparesis,
down 10 8.0% for a black nonamoker with narmal menstrual
Liistory and a negative family bistory—a 4-fald difference Rela-
tive risks (and 95'% confidence interval) detamined {ram the
logistc analysis for amenarrhea. smoking. non-black ethnic
origin. and (amuly history were 1.36 (1.25-1.48). 1.32 (1.23-
1.41). 1.28 (1.17-1.39), and 1.25 (1.16-1.35). respectively.

Age was a significant covariable for Lthe prevatence of self-
reported SE. Thus. fram the logiste regression. clder women
with none of the four other risk ctors would have a predicred
prevalence as low as 1.5%. The actual prevalence in our sam-
ple far all women over age 4Q (N = 42| was 1.4%, compared to
ihe highest overall prevalences of 19.6% for women aged 22—
23(Fig. 1). Thigis a likely consequence of sclective processes (g
(his specific military population, as will be discussed. Dividing
the sample roughly in hall. at age 25. each of the other four
factors was shown 10 be sigaiflcantly affected by age (Mantel-
Haenszel, p < 0.00]}. Odds ratios (rom the indjvidual factor
chi-square tahles were similar to Sut slightly higher than those
derived from Lhe logislic analysis [Table 111). Amenorrhea had a
signiicant eflect on suress fracture ce only In the
younger women (29.9 va. 16.0%. p < 0.00]1) compared to
women > 25 yarsold ([8.2 vs 12.7%. p = 0.]12). Age was also
a significani cofactar far underweight. with only the younger
wamen demonstratiag a significant relationship between self-
reported SF and being underweight (p < 0.05: Mantel-Haens-
zel test. p < 0.05). Other factors such aa parfty and use of aral
cantraceptives were age-related (Fig. 2| but had no association
wilh prevalence of seli-reported SF.

Black women were significantly more likely Lo have had chil-
dren (51.8 vs. 36.8%: p < 0.001). were mare likely ta sz oral
coauraceptives (40.9 v3. 3L.6%: p < 0.001). and were less likely
10 be curreni smokers (32.1 vs. 37.8%: p < 0.001). all factars
which have been reported to be protective against stress frac-
ture ar catecporoais. Only 12.0% df black women reported &
&mily history of asteaporosss, compared to 38.2% of nan-black
women. Neverthcless, & positive family history of ostcoporoals
was associated with a 10% higher prevalence of self-repocted
SF. with 00 difference between blacks and nog-blacks (p =
0.62). Exhric differences (n stress fracture were apparent aaly
whea Gmily history of asteoporasis was negative (p < 0.0L
Mante)-Hacnszel chl-square test. p < 0.01).

Mlitary Mestiine. Vol 157. July 1992653
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TABLE Ul
PREVALENCE OF STRESS FRACTURE IN ASSOCIATION WITH SURVEYED FACTORS RANXED IN ORDER OF FACTOR PREVALENCE [N THE SAMPLE
3 % wilh Mislary |
of T2} of Surcss Fracture
with Factor Faclor

Facter Faciar Proacet Absrni
Elnnic origin (ehite ar Agian) a3 - 185 113 ser
Nulkgarity §4.4 .16.1 162

Gynecolagical age 3201t 116.6} 193 14.5

Nore than 2birwis 1) (1Y A4 154 17.0
Afe(s25 yaursl : “us 18.2 136 ..
Cigarctic smaking leven 5 19.4 120 one
Qgaretiesmohing {current) 346 219 19.1 cer

Have smoked far:> 10 yearn(2) (30.4) M3 0.4

More than one packsday R1 1921 M6 207
Curren; ars! conlraceplbve pill usc a6 176 15.1
Everon the Army Weigh( Control Pragram (BM1 > 23-24 hgym4 e 189 1.7
Family hisiory of osteopoross 288 218 1335 see
Ruanjag exertise |> 10 mieshoeci) 2.0 190 : 154
Ever (old Lha( ey were grxderweigh: 168 us 154 .
Histary of sracnorrhes [episodes of 2 6 months) 4.9 227 134 v
Late menarche (> {8 years old) dé 120 8.1

Notex: cht¢quarr test: signiheane: * p < 0.03:** p < 0.0).*** p < 0.001.
Subrmmoplcs (1] parous women (11 « E88}: (2} current smobirs ke » 38{).

R v
m % = » W A e
- el

¢ L Disvibution of respeadcats Uy wgE (Dess) a8 e preveicacey of mf-re ¢ 1 Promuieons of purly. eral tetxacxptive awn, Wl mragtreg) ircegulanty by
partes SF wnd urent sowiding, Tue Hoe gaph dets gre cxpromad 8 3 Srepuiot g bo aryee duly Army enmsn. Dyte se expramand as & Wmee-palnt NAtaIng TRRL.

ruasieg peta
TABLB T
OD0S RATIOS OF FACTORS ASSOCIATED WITH STRESS FRACTURE. STRATTFIED BY AGE
e S —— L — e —— —_—— e ————
Pouled Odds Ratio

Factor AgeGroup Odds Ratio Probabdtry (952 Canfidence Intorval)
Amenarbea distory 125 124 Q.onaz _

>25 183 an Qi1-100
Currerg smaloer 525 1.98 Q000!

328 ™ o008 191(1.45-25)
Ehak onigio (wiR /Asisn) E L) 1.78 0.003

>35 194 o 1.8211.33-2.500
Family bisory <29 158 001 _

>2$ 223 0.0007 1.88(1.3-255)
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A positive history of amenorrhea eliminated the relation be-
tween smoking and swress (racture, with more stress fractures
in smoking vs. nan-smaoking women without history of am-
enorthea (20.3 vs. 1L.6%. p < 0.001) but with no difierences
between smoking and non-smoking womcn with a history of
amenorrhea (28.6 vs. 2).8%. p = 0.231 (Manic)-Haensze] test. p
< 0.00}). Smoking had a comparable eflect on the relation
hetween amenorrhea and sell-reported SF. with a significant
relation In non-smakers (p < 0.001) bul ol in smokers (p =
0.08) (Mantel-Haenszel test. p < 0.001). More women had expe-
rienced episodcs of amencrrhea in Lthe subpopulations of
women wiho had (ever) been told that they were underweight
(23.7 vs. 13.2%} and wha were runners (> 10 miles/week) (20.3
vs. 13.4%. p < 0.05).

Discussion
The prevalence of self-reported SF in the women {n this sur-

" vey {16.13) Is conststent with other reporis. Eleven percent of

the women surveyed had boch a history of sireds fracture and
reported that during basic traintng they had bone pain which
was sufficiently debilicating that they had (o swop running. Al
though we did not specifically ask if stress (racture was diag-
nosed in basic training, it is probable that many of the seif-
reported S¥s accurred in basic training, at 3 rate which is com-
parable to the 10.5% observed in a group of 114 fernaic Marine

- reerults during basic training ' 10,0% observed in the st

8-week (raining period at the U.S. Mflitary Academy.3 and
11.3% observed in 186 Armny recruits in hasic Walning.* As
sumdng in the worst case that all of eur nonrespondents were
disinterested women with no history of siress [racture, we
would still have a sell-reparied SF prevalence of greater than
10%.

Most grevioug studies of siress (racture have been con-
ducted with elitz athletes and little is knawn about risks lo the
gonera) population. Although our sample is skewed taward
younger women and it exclydes individuals with conditons
which significantly affect physical performance since thisisa
condition af continuwed Army croployment, this study yields
information about healthy young women who are olherwise
typical of e general US. population. Generalization about
older acttve wermen must be made with caution becayse of the
selecitve processes which determine their presence in this
sample. and because the intensity of physial Lraining for
wamen during Army tasic {where stress fractures
tend to emerge) increased markedly in 1878,

The assaciation of smoking with sell-reported SF is one of
the mast toteresting Nndings to emerge from this study. Ciga-
refte amaliing has heen assoclated with reduced bone mineral
coptent and is.13-® although some studies have
[ailed to demanstrate a coanection.* Qur results provide Lhe
first suggextion of such a 10 stress (ractures. in a
population which is almast entirely presmenapausal. Smoking
reduces sennn es levels (n a doserelated relationship.
possibly a nlentine-induced [nerease in hepade metab-
olism 2472 and this reduction {a es \evels has been lnked
with 1 tread {0 reduced bone mineral deasity in smokers. 2 I,
may also be important that our smokers had a higher preva.
lence of self-reported SF (ban womea who were focmer smok-

YL Sal WV, " WV g
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ers since this suggests that smoking may be 3 modiflably pisk
factqr. We did not find any additional differcnces in self-re-
parted SF between duration of smoking (analyzed as a canunu-
ous variable; data nat shown) or simoking mare than one pack
per day in the curtent smokers.

Amenorthea is also a factor identified in this sludy which
may be modifizble through physician inlesvention. Our dala
confirm previous (indings (n collcglate women athleles. where
stress {ractures were obsexrved in 24 % of women wilh irregular
or absent menses buc (n only 9% of the women with normal
menses.® Like smoking, the effect on bone IS presumably pro-
duccd by episades of hypoestrogenism.!6.13.2¢ |ndeed, women
with a history of amenorrhea did not have a signiicantly high-
er prevajence of seif-reported SF if they also smoked. nor was
there a significant association between amenarrhea and sell-
reported SF In women who smoke, suggesting a single mecha-
nism by which these (wo factars may produce a marked sus-
ceptibility to seif-reporied SF. This effect on bone density ap-
pears Lo be reversible with a regumption of meases.2¢ The data
suggest Lthat amenarrhea s a symptom which may signal high-
er risk of boae Infuries ln women ¢ngaged In vigorous weight-
bearing activites. such as running or marching. and measures
should be Laken o rewurn such individuals ta normal menstru-
al patterns. Protertive measures might include reduced train-
Ing volume ar Lhe prescription of estrogens {with opposing pro-
gestagens) by a physician il a significant reduction in boae
density is atablisked. .

Lloyd et 21.8 (ound that risk of stress {racture was lower in
1hase who uscd oral contraceptives. We did not find any signif}-
cant relation to the uee of oral contracepiives. bul this may be
related 1o the dilTerence in prevalence of amenorrhea in our
sludy population. The prevalence of amenorrhea may be high
in some athletes and. 1n these women, the low-dose estrogen of
many conlraceptlive preparations may offer some prolection
aguirsl bone lass. [0 contrast 10 athlete samples. only 14.9% of
our population reparted amenorrhea “ever™ and only 1.3% of
the nou-pregnant women la our sample were currently am-
cnarrhete (>6 months since last menses aL the time of survey):
10% of our respondents were currently pregnant. This cate af
amenorrhea (s similar (0 tae point prevalence rate of 1.8% re-
parted In 8 Swedish survey of a normal cammunity.28

In our study. wamen running over 10 miles/week or having
been told they were underweight were also mare likely to have
a history of amenarthea, but these factars appear 10 he only
loosely assoctated. Excrcise serves as the stimulus for bovie
remadeling but whether this wiil resull in an increase in bone
density or in a stress fracture appears to be dependent on other
factors, such as history of amenarrhea. This is suggesied by
our date. and by (he results of studies of female athleles where
the rates of siress fracture in cumenarrheic exercising women
were ynremariable ¥ Intense exercise may be invalved jn am-
enarrhed. a3 cvidenced by the returd of ;wenses in some am-
couTheic wamen who reduce thelr exercise,?? but amenarrbea
in not a necessary comaequence of intense exercise.38 Similardy.
low weigh! (or low bady fat) does Cot necessarily produce am-
coathea.3? These three {actors may be non-causally associ-
ated 23 cormunon aspects of 2 behavioral and/er hypothalamic
disorder.® Underweight was associated with aa increased like-
tthaod of self-reparted SF (a the younger women (<25 years
old) but. although bady weight 18 a Gactor ln bone masy 33

Millary Medicine. Vol. 157, July 1992




38

underweight did not'emergc as an independent facior assoct-
ated with self-reporled SF in (his study.

Positive family hisiory is recognized as a risk factor in asteo-
porosis.'t and a reduced bonc mass has been demonstrated in
relalives of osteoporotic patients.™ Family hislery was a faclor
assaciated with an increased prevaience of sell-ceported SF in
hoth black and non-black women in our study. Ethnic origin
was 4 second unrelaled hereditary factor assactated with sell-
reporied SF. The reduced risk of osteoporosis in black women
{s assaclated with a greater bone demsity. perhaps as a resuld of
reduced osteoclast activity. ™ Whether or not this reduced ex.
cavation of bone persisis during an exerciscinduced remodei-
ing remains to be demonstrated, but the achievement of a
higher bone mineral density in black women is of tself likely to
be pratective of siress fraciure, an association confirmed (n
this study. Brudvig et al.™ found that the 1-year incidence of
stress fracture was 1.4 in black women compared w 11.8 in
white women in a young population of basic recruits reporting
to a physical therapy clinic. While the incydence was lower In
males. there was still a lower incidence in black males than
white males. Qur dala confirm this protective cffect of black
ethnicity on siress (racture.

This study suggests hypotheses for further invesligation.
specifically the possibility (hat smoking. amenorthea, and
family history of asteaporusis are risk Jactars lor stress [racture
in young women, while bliack ethnic origin may be 2 pmiective
factor.
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