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Mini abstract (48 words)

We investigated the reasons for referral of oldestfalians aged 70 years and older to DXA.
The most common clinical indication was being ag@dyears and older, followed by

monitoring for fracture or low BMD. Compared to ms| females were twice as likely to

have osteoporotic BMD.



Abstract

Purpose/IntroductionLittle is known about reasons for the referral &dfev Australians to
dual energy X-ray absorptiometry (DXA) for bone eval density (BMD) measurements.
Thus, we aimed to document the reasons for refegrBIXA in Australian men and women
aged 70 years and older, and investigate any difters between the sexes.
Methods:Reasons for DXA referral were examined in 5,438epiés aged>70 years (78.5%
female), referred to the Geelong Bone Densitom@émywice, south-eastern Victoria, 2003-10.
Clinical indication codes derived from patient reto were used to ascertain reasons for
referral. We ascertained age, sex and BMD measurdge femoral neck and spine for each
patient.

Results:The most common reason for DXA referral was beiggda70 years (64.6%),
followed by monitoring of fracture or low BMD. Inhis referred population, a greater
proportion of men than women had BMD in the normaaige (men 30.2%s.women 10.9%,
p<0.001), whereas sex-differences in the oppositection were seen for BMD in the
osteopenic range (women 47.796. men 44.3%,=0.04) and in the osteoporotic range
(women 41.4%s. men 25.5%p<0.001). After age-adjustment, women were twicékaty

to have BMD in the osteoporotic range compareddo (OR 2.25, 95%Cl 1.95-2.61).
Conclusion:For both sexes, the most common reason for refeaalbeing aged 70 years or
older. Referred females were twice as likely as moelnave BMD in the osteoporosis range.

These data suggest that even more women may néedéberred to DXA.



I ntroduction

Osteoporosis is a systemic skeletal disease clesid by low bone mineral density
(BMD), and micro-architectural deterioration of leotissue, with a consequent increase in
susceptibility to fracture (1, 2). Fragility fracas at the spine, hip, forearm and proximal
humerus are a major public health problem for Is&kes, and current estimates of annual
direct and indirect costs are in excess of $2.1boibi (3). Approximately 4.7 million
Australians have osteoporosis or osteopenia (lovDBMnNd this figure is estimated to reach
6.2 million by the year 2022 (3). Although osteamsis increases the risk of fracture, it is
suggested that the population burden arises frodividuals with osteopenia, not
osteoporosis (1, 4). Despite osteoporosis prevalbeing greater for women than men (3, 5),
it is men that experience higher rates of osteapsnelated mortality (6), and are more

likely to remain untreated for the disease (7, 8).

Dual energy x-ray absorptiometry (DXA) is used teasure BMD, and acts as one of the key
strategies to inform decision-making processes rdéga low BMD and anti-fracture
therapies (9, 10). We recently reported there wiassnmal increase in the utilization of DXA
by Australian men and women aged 70 years and ,oidr changes to national health
policy introduced by Medicare Australia in 2007 Y2We found that although the proportion
of men undergoing DXA doubled from 2003 to 201G froportion tripled for women;
importantly, the overall utilization of DXA in thiage group remained low (11). In order to
make a conceptual advance in our understandindiydigan referral behaviour and patient
initiation of testing, it is imperative from a ttezent and public health standpoint that we
understand the clinical indications for which olderstralians are referred to DXA. Thus, we
aimed to document the reasons for referral to DRAAustralian men and women aged 70

years and older, and investigate any differencesdsn the sexes.

M ethods

Study region

Data were derived from the electronic records ef @eelong Bone Densitometry Service,
Barwon Health, Victoria, Australia. The Geelong BoDensitometry Service is the major
DXA service provider for the Barwon Statistical Bion (BSD), south-eastern Australia,

and operates two DXA machines to serve a regioopiifation of approximately 250,000 of



whom 30,252 (57.2% female) were aged 70 years eraithe 2006 Australian Census (12).
This study was approved by tBarwon Health Human Research Ethics Committee.

Study population

All men and women aged70 years referred to DXA for osteoporosis-relateglsons (non-
research purposes) during 2003-10 were identiffech fthe administrative patient records
database of the Geelong Bone Densitometry Serwicasb of the Medicare Australia item
numbers that were associated with the referral.

Patients were included for analyses if they undatvaeDXA test during the period 2003-10,
resided in the BSD at time of DXA and were aged years. Subsequeattendances at
DXA were not included in analyses, and individudlat werescanned for research purposes
were excludedOf the total 15,032 patient records identified frahe database as aged
>70yrs, records were excluded for the following oees missing values for the lowest BMD
T-Score (n=7), missing data regarding reason ftarral (n= 547), patient duplicates (n=7)
and not a resident of the BSD (n=97). BMD valuesisneed at the femoral neck and spine
(L2-L4) were ascertained for each patient, and qushre T-score provided by the DXA
manufacturers (Lunar DPX-L [Lunar Corporation, Maah, WI, USA] or GE Lunar Prodigy
[GE Lunar, Madison, WI, USA] after the DPX-L wastowded) were classified dwing
within the normal rangé 1.0 or more SD below the young reference meaigapenic range
(-1.0 to -2.5 SD below the young reference mearmgsteoporotic range (<-2.5 SD below the

young reference mean) at either the femoral nedpime.

Medicare Australia ltem Numbers

The Medicare item numbers of interest were: 1230ii(nal trauma fracture or monitoring
of low BMD as detected by a previous scan); 123i@lénged glucocorticoid therapy,
excess glucocorticoid secretion or hypogonadismboth sexes); 12315 (secondary
osteoporotic conditions such as chronic liver ainkly disease, primary hyperparathyroidism,
malabsorption disorders, rheumatoid arthritis aress thyroxine); 12321 (changes in class of

drug therapy): and 12323 (persons ageéadyr).

Statistical analysis



Sex-differences in demographic characteristics, BNtategories, and as a continuous
measure) and clinical indications for DXA refemare examined using the chi-square test or
Kruskal-Wallis for categorical and non-parametriataj respectively. The likelihood of
having BMD in the osteoporotic ranges. the normal or osteopenic range was examined
using binary logistic analyses, with adjustment enéatr age (as a continuous variable) and
sex; the referent categories in the models were e, the age group of 70-74 years, and
the clinical indication for referral of being a pen aged70 yeargMedicare Iltem number
12323). Results arpresented as odds ratios (ORs), 95% confidencevaite(95%Cl), and
p-values. Statistical analyses were performed using Minitab (Version Whnitab, State
College, PA), and significance was sep<f.05.

Results

Characteristics of the study population are preskmt Table 1 (78.5% female). Of the 5,438
eligible patient records, fractures were observedali 5 year age stratum: 70-75 years
(n=1,815), 75-80 years (n=1,724), 80-85 years (259), 85-90 years (n=546), 90-95 years
(n=86) and>95 years (n=8). No age differences were observéedess the sexep£0.32).
The most common reason for referral to DXA was deiged 70 years or older (64.6%), with
a greater proportion of women than men referredHisrreason (65.9%s.60.0%,p<0.001).
The opposite was seen for the clinical indicatidrpmlonged glucocorticoid therapy, for
which men were more likely referred than women 4% .vs. 6.6%,p<0.001). A non-
significant sex-differences in referral reasons aig® observed for patients that were being
monitored for changes in class of drug therapy, év@n the numbers of referrals in this
category were small (0.5% for mes. 1.1% for womenp=0.08). No sex-differences were
observed for those referred to DXA due to minimauta fracture or low BMD. Women
had a lower BMD T-score compared to men (-2.3 #/%.11.6 + 1.4 SD below the adult sex-
specific reference ranges, respectively). A grepteportion of men than women had BMD
in the normal range (30.2% for mes. 10.9% for womenp<0.001), whereas sex-differences
in the opposite direction were seen for BMD in tsteopenic range (47.7% for womes
44.3% for menp=0.04) and in the osteoporotic range (41.4% for wows. 25.5% for men,
p<0.001).



Table 2 presents the binary logistic regression associatletween clinical indications for
referral to DXA and the odds of having BMD in theteoporotic range, adjusted for age and
sex. Compared to individuals referred to DXA beeatley were aged 70 years or older
(referent group), individuals that were referreddaese of minimal trauma fracture or for the
purposes of monitoring low BMD were more likelyhave BMD in the osteoporotic range
(OR 1.46, 95%CI 1.28-1.67). We also observed thditziduals referred to DXA because of
change in class of drug therapy were more likelggee BMD in the osteoporotic range (OR
2.12, 95%CI 1.19-3.76) compared to those that weferred because they were aged 70
years or older (referent group). Advancing age stw proportional relationship with
osteoporotic BMD; the strength of association rahffem OR 1.34 (95%CI 1.16-1.54) for
the 75-79 year age group to OR 5.63 (95%CI 1.18380or those aged 95 years or older.
Females were more than twice as likely to have BiMihe osteoporotic range compared to
men (females OR 2.25, 95%CI 1.95-2.61).

Table 3 presents the median BMD T-scores for edcthe clinical indications for DXA
referral, stratified by sex. Sex-differences webseyved for BMD for each of the clinical
indications (allp<0.006), with the exception of monitoring changesthe class of drug
therapy p=0.89). Men and women referred to DXA for this éattategory also had the
lowest median BMD T-scores compared to all othéerral reasons (men -2.8 [-5.1, -0.3]
and females -2.7 [-6.6, -0.5]).

Discussion

In this referred population of older AustralianBe tmost common clinical indication for
undergoing DXA was being aged 70 years or olddigwed by monitoring for a fracture or
low BMD. We report a proportional association beswedvancing age and the likelihood of
having a BMD in the osteoporotic range. We alsmrethat, compared to males, females
were twice as likely to have osteoporotic BMD. Thkowing discussion pertains to each of

the referral reasons.

Ageing is one of the major factors that influenice tisk of osteoporosis (3, 5); being aged 70

years or older was the most common reason forregfdin our referred population, we

observed no age differences between the sexee dinte of DXA. As might be expected,
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advanced age was strongly associated with havingDBiM the osteoporotic range.
Undergoing a DXA when aged 70 years or older ig&elyf consequence of the nation-wide
push to increase the utilization of DXA testingdlder Australians, introduced in 2007, to
avoid or delay minimal trauma fractures. (11, 13dwever, we have previously reported
from this same study region that 1.8% of men ardde60f women aged 70 years or older
were referred to DXA in 2010 (11); proportions tlae unlikely to impact on reducing

fracture risk in Australia.

A referral due to fracture or low BMD was the sedanost common reason for referral for
older adults of both sexes. As has previously baleserved in younger adults (14), there
were no sex-differences in the proportion of refisrfor this category. However, women had
lower BMD T-scores compared to men; in additior, BMD T-score of women fell into the

osteoporotic range, whereas for men, their BMD drsandicated osteopenia. These findings
may be influenced by the definitive reason for mefe whether it was for fracture or

monitoring of BMD; however, the period of our daacertainment did not enable us to
distinguish between the two, as we were unableeterthine whether patients had a scan
prior to 2003. We can confirm, however, that wduded only the initial scan and excluded
subsequent scans, and we can thereby speculatbdéhaijority of the DXA referrals in this

population were related to minimal trauma fractures

Compared to women, a higher proportion of men weferred for DXA because of
glucocorticoid exposure. Glucocorticoid use incesathe likelihood for the development of
secondary osteoporosis; a meta-analysis showethihdtequency of glucocorticoid-induced
osteoporosis is as high as 50% of individuals thed glucocorticoids for six months or
longer (15).

No sex-differences were observed in the proportbmen and women referred to DXA
because of changes in drug therapy. Individuals whdergo DXA for the purposes of
monitoring drug therapy would by nature already ehav diagnosis of osteoporosis. It is
interesting that, in this referral category, merdmap only 11.5% of all older adults tested,

suggesting that men continue to remain under-tiefatethis disease.



Our study has strength. Prior to this study theszeaittle comprehensive data identifying the
reasons older Australians undergo DXA testing. @uallyses spanned an eight-year period
and encompassed all adults aged 70 years andtblteattended the one major DXA service
provider for an entire geographical district. Otudy also has some limitations. The period
of our data extraction did not unable us to clavityether patients had a DXA prior to 2003.
Our observed sex-differences in the proportioneéénrals could be influenced by competing
mortality. Given that we are unable to accountther possibility that some older adults may
have undergone a DXA test at a small private serpiovider that also services the BSD
region, and even though we speculate our datataggeent includes the majority of DXA
tests, this limited in our ability to investigateetreferral rates per head of population in this
region. We make the assumption that the MedicarstrAlia Item numbers recorded in the
electronic database of the Geelong Bone Densitym8éarvice were precise, although
acknowledge that administrative data records sushtlese may be influenced by
misclassification due to human error. Finally, whive acknowledge that the presence of
abnormalities at the spine may artefactually infkee BMD at this site (16); x-rays of the

spine were not comprehensively available.

We observed the most common reason for referrghrdéess of sex, was being aged 70
years or older. However, given that referred femalere twice as likely as men to have
BMD in the osteoporosis range this suggests tham evore women may need to be referred
to DXA.
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Table 1. Characteristics and referral reasons for patiegesia 70 years referred to DXA at the Geelong Bone Denwtry Service (2003-
2010); data presented as median (range), meartamthsd deviation (£), or n (%).

Variables All (n=5,438) | Male(21.5%) Female(78.5%) p-value
Age (years) 77.5 (70.0-98.3)77.3 (70.0-94.3) 77.6 (70.0-98.3) 0.32
Clinical indications for DXA

Fracture or low BMD 1,288 (23.7%) 270 (23.1%) 1,018 (23.5%) 0.58
Glucocorticoid usk 450 (8.3%) 169 (14.4%) 281 (6.6%) <0.001
Secondary osteoporoSis 134 (2.5%) 24 (2.0%) 110 (2.5%) 0.30
Monitoring of drug theragy 52 (0.9%) 6 (0.5%) 46 (1.1%) 0.08
Aged 70yrs or oldér 3,514 (64.6%) 701 (60.0%) 2,813 (65.9%)<0.001
BMD T-score'

Normal 818 (15.0%) 353 (30.2%) 465 (10.9%) <0.001
Osteopenic 2,554 (47.0% 519 (44.3%) 2,035 (47.7%)0.04
Osteoporotic 2,066 (38.0% 298 (25.5%) 1,768 ().4 <0.001
Lowest T-score (femoral neck or spine) -2.1 +1.2 -1.60+£1.41 -2.29 £1.10 <0.001

"BMD T-score (femoral neck) was categorised as beiitigin the normal rangé1.0 or more SD below the young reference meast®apenic
range (-1.0 to -2.5 SD) or osteoporotic range &-@D). Clinical indications for DXA:®*Minimal trauma fracture or monitoring low BMD;
PProlonged glucocorticoid therapy, excess glucocoidi secretion of hypogonadisifSecondary osteoporotic conditions including primary
hyperparathyroidism, chronic renal and liver digsasnalabsorption disorders, rheumatoid arthritid eonditions associated with thyroxine
excess’Changes in class of drug theraf§ersons ageg70yrs.
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Table 2: Binary logistic regression model investigating &sstoons between clinical indications for DXA ref@rand a BMD T-score (femoral
neck) < -2.5 SD below the young reference meare@pstrotic range), adjusted for age and sex. Dataepted as odds ratios (OR), 95%
confidence intervals (95% Céndp-values; significant values are in boldface.

Variable OR (95%Cl) p-value
Age groups (years)
70-74 (referent) 1.00 -
75-79 1.34(1.16-1.54) <0.001
80-84 1.97 (1.70-2.29) <0.001
85-89 3.50 (2.86-4.28) <0.001
90-94 5.65 (3.46-9.24) <0.001
95+ 5.63 (1.13-28.03) 0.03
Sex
Male (referent) 1.00 -
Female 2.25(1.95-2.61) <0.001
Clinical Indications for DXA
Aged 70yrs or oldér 1.00 -
Fracture or low BMB 1.46 (1.28-1.67) <0.001
Glucocorticoid use 1.19 (0.96-1.46) 0.11
Secondary osteopordsis 0.94 (0.65-1.35) 0.94
Monitoring of drug theragy 2.12 (1.19-3.76) 0.01

12



Clinical indications for DXA:*Persons ageQ?Oyrs.bMinimal trauma fracture or monitoring low BMDProlonged glucocorticoid therapy,
excess glucocorticoid secretion of hypogonadferondary osteoporotic conditions including primayperparathyroidism, chronic renal and
liver diseases, malabsorption disorders, rheumatditditis and conditions associated with thyrox@xeess’Changes in class of drug therapy.
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Table 3: Lowest median BMD T-score measured at either thefal neck or spine (range) for each clinical iatiien for referral, stratified by
sex. Significanp-values are in boldface.

Men (n=1,170) Women (n=4,268) p-value
Fracture or low BMD -1.7 (-5.1, 3.5) -2.6 (-5.6, 1.4) <0.001
Glucocorticoid ust -2.0 (-5.6, 3.7) -2.3(-5.2, 1.4) 0.006
Secondary osteoporoSis -1.4 (-2.4, 1.5) -2.2 (-6.1, 0.4) 0.004
Monitoring of drug theragy -2.8 (-5.1, -0.3) -2.7 (-6.6, -0.5) 0.89
Aged 70yrs or oldér -1.5(-2.4, 3.1) -2.3 (-5.7, 2.6) <0.001

Clinical indications for DXA:®*Minimal trauma fracture or monitoring low BMDProlonged glucocorticoid therapy, excess glucocoidi

secretion of hypogonadisniSecondary osteoporotic conditions including primagperparathyroidism, chronic renal and liver déssa
malabsorption disorders, rheumatoid arthritis amniditions associated with thyroxine excé&hanges in class of drug therafifersons aged
>70yrs.
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