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Abstract
!

Introduction: Although a fragility fracture family
history (FFFH+) has repeatedly been shown to be
associated with lower bone mineral density
(BMD), its relationship to human BMD change is
unclear. Animal research, however, documented
that different purebred strains within rodent spe-
cies have wide ranges in rates of bone acquisition
during growth as well as in change post-ovariec-
tomy. Our objective was to compare the rate of
premenopausal spinal trabecular BMD change be-
tween women with and without a general family
history of fragility fracture.
Participants and Methods: Healthy premeno-
pausal community women participated in pro-
spective observational studies at two academic
medical research centres: Vancouver, Canada
(n = 66) and Munich, Germany (n = 20). The pri-
mary outcome was annual spinal BMD change,
measured by quantitative computed tomography
(QCT). The two studies employed similar method-
ologies for assessing QCT and FFFH.
Results: Volunteer community participants had a
mean age of 36.0 (SD, 6.9) years, body mass index
22.5 (2.4) and baseline QCT of 150.2 (22.5) mg/
cm3 trabecular bone. The rates of BMD change
were similar in both cities: −3.5 (5.1)/year Van-
couver, −2.0 (3.4)/year Munich (95% CI of differ-
ence: −3.9, 0.9). Over a third of the women (31 of
the 86, 36%) reported FFFH+. Those with and
without a FFFHwere similar in demographics, nu-
trition, exercise, menstrual cycle and luteal phase
lengths and physiological measures (serum cal-
cium, osteocalcin and estradiol). However, wom-
en with FFFH+ lost trabecular BMD more rapidly:
FFFH+, −4.9 (5.0), FFFH−, −2.2 (4.4) mg/cm3/year
(95% CI diff −0.7 to −4.8, F1.83 = 7.88, p = 0.006).
FFFH+ explained 7.7% of the variance in QCTvolu-
metric trabecular spinal bone change/year in
these healthy premenopausal women.

Zusammenfassung
!

Einleitung: Obwohl Studien einen Zusammen-
hang zwischen einer Familienanamnese von Fra-
gilitätsfrakturen (FFFH+) und geringerer Kno-
chenmineraldichte aufgezeigt haben, ist es nicht
klar, wie dies mit Veränderungen der mensch-
lichen Knochendichte zusammenhängt. Tierstu-
dien haben aber gezeigt, dass die Zuwachsraten
für die Bildung neuer Knochenmasse sowohl im
Wachstumsalter wie auch nach der Ovariektomie
bei unterschiedlichen Unterarten einer reinras-
sigen Nagetierart sehr unterschiedlich ausfallen
können. Ziel dieser Studie war es, Veränderungen
der trabekulären Knochenmineraldichte der Wir-
belsäule in prämenopausalen Frauen mit und
ohne Familienvorgeschichte von Fragilitätsfraktu-
ren zu vergleichen.
Teilnehmer und Methoden: Gesunde prämeno-
pausale Frauen nahmen an 2 prospektiven Beob-
achtungsstudien teil, die von 2 medizinischen
Forschungszentren (Vancouver, Kanada [n = 66]
bzw. München, Deutschland [n = 20]) durch-
geführt wurden. Das Primärergebnis war die Fest-
stellung der jährlichen Veränderungen der Wir-
belsäulen-Knochendichte. Die Knochendichte
wurdemithilfe der quantitativen Computertomo-
grafie (QCT) gemessen. Beide Studien verwende-
ten eine ähnliche Methodologie zur Beurteilung
von QCTund FFFH.
Ergebnisse: Das Durchschnittsalter der freiwil-
ligen Teilnehmerinnen betrug 36,0 (SD 6,9) Jahre,
der durchschnittliche Körpermasseindex war
22,5 (2,4) und der durchschnittlich gemessene
Ausgangswert (QCT-Messung) der trabekulären
Knochendichte betrug 150,2 (22,5) mg/cm3. Die
Knochendichte-Veränderungsraten waren in bei-
den Städten ähnlich: −3,5 (5,1)/Jahr Vancouver,
−2,0 (3,4)/Jahr München (95%-KI für die Differenz
der Mittelwerte: −3,9; 0,9). Mehr als ein Drittel
aller Frauen in den 2 Studien (31 aus 86, 36%) be-
richteten von Fragilitätsfrakturen in ihren Famili-
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Conclusion: This study shows for the first time that having a his-
tory of a fragility fracture in a family member is associated with a
greater rate of premenopausal spinal trabecular bone loss.

en (FFFH+). Zwischen den Frauenmit und ohne FFFH gab es keine
signifikanten Unterschiede bez. ihrer demografischen Daten, Er-
nährung, sportlichen Aktivität, Menstruationszyklus und Dauer
der Lutealphase und auch keine signifikanten Unterschiede in
den physiologischen Werten (Serumkalzium, Osteocalcin und
Estradiol). Es stellte sich aber heraus, dass die Abnahme trabeku-
lärer Knochendichte bei Frauen mit FFFH+ viel schneller erfolgte:
FFFH+ −4,9 (5,0); FFFH− −2,2 (4,4) mg/cm3/Jahr (95%-KIdiff −0,7
bis −4,8; F1,83 = 7,88; p = 0,006). FFFH+ erklärte 7,7% der Abwei-
chung in den mit QCT gemessenen volumetrischen trabekulären
Veränderungen der Wirbelsäulen-Knochendichte/Jahr in diesen
gesunden prämenopausalen Frauen.
Schlussfolgerung: Die Studien zeigten damit zum ersten Mal,
dass in prämenopausalen Frauen eine Familienanamnese von
Fragilitätsfrakturen mit einer höheren Rate an trabekulärem
Knochendichteverlust der Wirbelsäule assoziiert ist.
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Introduction
!

The identification of clinical risk factors for fragility fracture pro-
vides the potential for prevention of osteoporosis. One risk factor
to predict hereditary risk of osteoporosis is a biological relative
who has experienced a low-trauma fracture – this is considered
a fragility fracture family history (FFFH+) [1]. The increased frac-
ture risk conferred by a parent with a hip fracture is modest (RR
about 1.5), but it was independent of bone mineral density
(BMD) in a meta-analysis of population-based prospective stud-
ies [1]. BMD and the presence of fragility fractures have long been
known to relate to genetic as well as to environmental factors [2,
3]. In the era of densitometry, osteoporosis is commonly defined
by a low T-score [4] or by a high estimated 10-year risk of fragility
fracture as predicted by sex, age and other clinical risk factors
with or without BMD [5,6], rather than, as commonly in the past,
by a history of having personally experienced a low trauma frac-
ture [7].
Most research on the genetics of osteoporosis has been cross-sec-
tional in nature, whether using monozygous and dyzygous twins
[8,9] or performing genome-wide association studies (GWAS)
[10–12]. In addition, until recently the genetics of BMD in older
men and women (at higher fracture risk) rather than in younger
women and men (where genetics may play a larger role) has
been the focus of most GWAS and meta-analyses of genome-
wide associations [12]. However, several animal studies clearly
show that rates of change in bone growth and strength [13] as
well as in acute post-oophorectomy bone change [14] differ by
highly inbred genetic strain within rodent species. Twin studies
also show a small portion of BMD heritability is related to bone
turnover markers [15].
By contrast, an association between longitudinal change in BMD
and a family history of fragility fracture has proved more elusive.
Although bone remodelling rate is associated with both BMD and
fracture [16,17], the few prospective human studies that have as-
sessed change in BMD in twins have been unable to show associ-
ations. For example, radial bone change over 16-years in twin
men was unrelated to heredity [18]. Also, four-year change in
lumbar spine BMD in women twins could show heritability only
by using a 1-tailed T-test [19]. Likewise, population-based pro-
spective studies in younger women, the majority of whom were
either premenopausal [20] or perimenopausal [21], have been
unable to show areal BMD change rate differences (by dual en-
Prior JC et al. Premenopausal Trabecular Bone… Geburtsh Frauenheilk 2016; 76: 89
ergy X‑ray [DXA] measurements) related to the presence or ab-
sence of FFFH.
Thus, although it is logical that an increased rate of BMD loss
would be found in those with a history of a family member who
suffered a fragility fracture, this has not yet been documented to
date. The ability to detect differences in bone change is related to
sample size, duration of study, the sex of the sample, their posi-
tion within the lifecycle and to the type of bone that is being as-
sessed. In particular, cortical bone changes more slowly than tra-
becular bone; previous studies have assessed peripheral cortical
bone (radius) or areal BMD (by DXA) that includes both cortical
and trabecular bone compartments. These measures are less sen-
sitive to change than volumetric trabecular bone measured by
quantitative computed tomography (QCT). Therefore the purpose
of this pooled analysis was to assess rates of BMD change in
healthy menstruating women who did or did not have a relative
with a low trauma fracture by examining change in spinal volu-
metric trabecular BMD by QCT.
Materials and Methods
!

Regularly menstruating, primarily white women from prospec-
tive, observational BMD studies in two centers (Vancouver, Cana-
da and Munich, Germany) were included. Both cohorts included
only volunteer community participants in whom bone-relevant
or endocrine disease had been excluded as reported in the origi-
nal publications [22,25,26]. All 20 in theMunich cohort and 64 of
66 in the Vancouver cohort were Caucasian. Quantitative Com-
puter Tomography (QCT) was used for measuring spinal volumet-
ric trabecular bone. Within both cohorts, FFFH was assessed by
questionnaire: “Has a biological relative broken a bone without
major trauma or developed height loss and become hunched?”
Both studies were approved by local university ethics boards
(Clinical Research Ethics Board, University of British Columbia;
Ethikkommission der Medizinischen Fakultät TUM) and followed
the principles of Helsinki. All women provided written informed
consent.

Vancouver cohort
As previously reported, in 1985–1987 premenopausal women
were recruited to a one-year study of QCT bone change by exer-
cise and menstrual cycle characteristics [22]. The 66 women
were ages 20 to 42, healthy, non-smoking, of normal weight and
5–901
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not taking hormones. According to complete dietary data they
had healthy diets and nonewere deficient in nutrients nor exces-
sively supplementing. All reported regular menstrual cycles and
prior to study entry were required to have two consecutive, nor-
mal length (21–36 day) cycles with normal ovulation (luteal
phase lengths of ≥ 10 days) as assessed by the validated quantita-
tive basal temperature method [23,24]. Women varied in exer-
cise habits from normally active to training for and running a
marathon during the study. Menstrual cycle and ovulatory char-
acteristics were similar across exercise habits and menstruation
remained regular throughout the one-year study with no one de-
veloping oligomenorrhea or amenorrhea. The family history of a
fragility fracture was updated five years after baseline [25].

Munich cohort
Caucasian community women volunteers over age 30 were re-
cruited to a prospective study of midlife bone change [26]. Only
those 20 of these who were initially and remained premenopau-
sal at the two-year QCT measurement were included in the
present analysis. They were healthy, normally active, not taking
hormones, nor high-dose nutrition supplements or bone relevant
medications and a response about FFFH was obtained at baseline
in 2001–2 [26]. The questionnaire data on whether or not a rela-
tive had experienced a fragility fracture were reviewed and an-
swers updated with participants in December 2010.

Bone measurement – volumetric trabecular
spinal bone mineral density by QCT
In Vancouver, QCTof thoracic 12th through lumbar 3rd vertebrae
was measured in duplicate with repositioning at baseline and at
12 months by computed tomography (Siemens DR2, 96 kV,
300mAs; slice thickness 8mm), using an edge detection method
with within-person reproducibility with repositioning of 0.8
[22]. These data were converted into mineral equivalents of di-
basic potassium phosphate and reported as mg/cm3 using a
phantom developed by Genant and Cann [28].
In Munich, QCTof lumbar vertebrae 1 through 3 wasmeasured at
baseline and two-years. The center of each vertebra was located
using a scout film [26]. The computed tomography instruments
(two of identical make were utilized; Somatom by Siemens, Er-
langen, Germany; 80 kVp at 146mAs) gave results that were cali-
brated, reported as mg/cm3 and standardized using measure-
ments of the hydroxyapatite-containing European Spine Phan-
tom [29]. This phantom shows parallel age-related cross-section-
al data with the original QCT Genant and Cann phantom [28]. All
QCT change data were annualized before analysis.
Demographic, reproductive, educational and medical histories
were obtained by questionnaire. All women in Vancouver had
their height measured in stocking feet and weight measured on
a balance beam in light clothing. In Munich, women reported
their most recently recalled height and weight. In Vancouver,
Menstrual Cycle Diary records for the entire year were used to
compute average menstrual cycle length and average luteal
phase length was derived by quantitative basal temperature
analysis [23,24]. The Munich cohort was asked to recall their
minimum and maximum menstrual cycle lengths at 6-monthly
intervals (5 times over two years); mean menstrual cycle length
was computed from the average of all these values.
Serum and urine specimens were collected in both studies. In the
Vancouver cohort serum and fasting urine were obtained in both
the mid-follicular and the premenstrual phases of the initial and
final cycles of the study year. Methods for all biochemical and
Prior JC et
hormonal measurements are as previously reported [22,32]. In
the Munich cohort, fasting serum and urine samples were ob-
tained at baseline, as well as at three, six, nine, 12 and 24 month
visits and without cycle timing. Methods for all these hormonal
and biochemical variables are as previously reported [27,32].
For each variable, a within-woman average was computed and
used in this analysis.

Statistical analysis
The primary outcome was annualized QCT change [30]. Within
each cohort, characteristics of women with and without a family
fragility fracture history were compared using T-tests, cross-tab-
ulation or non-parametric tests, as appropriate. Luteal phase
length, a variable that has been previously found to account for
20% of variability in QCT change [22], was only available for the
Vancouver cohort. Accordingly, tertile of mean luteal phase
length (luteal tertile) was included as a covariate for analysis of
the Vancouver FFFH data; thus annual QCT change was analyzed
by two-factor Analysis of Variance (ANOVA) by luteal phase
length tertile and FFFH status. For combined cohorts, annual
QCT change was analyzed by two-factor ANOVA by center and
FFFH. Data are reported as the mean, median and standard devia-
tion (SD). Differences by whether or not women had FFFH+ are
reported as mean and 95% confidence intervals (CI) of the differ-
ence. All tests were two-tailed with p = 0.05 accepted as statisti-
cally significant.
Results
!

Data are presented first for each cohort separately, their differ-
ences and then the combined cohort that provided the impor-
tant, primary results.

Vancouver cohort
Within the Vancouver cohort 22 of the 66 women (33%) gave a
positive history of a family fragility fracture (FFFH+) (l" Table 1).
This cohort averaged 33.7 years of age at baseline with a body
mass index (BMI) of 22.1 and an initial QCT of 154.3mg/cm3

[22]. The presence or absence of FFFH was not associated with
differences in age, weight, height, BMI, exercise or the mean of
four 7-day diet diary characteristics (not reported) or with one-
year changes in these variables (l" Table 1). Cycle lengths, howev-
er, averaged 29.2 in those with a FFFH+ versus 28 days in women
without (p = 0.06). Between those with/without FFFH there were
no significant differences in luteal phase lengths or exercise pat-
terns – 61% of FFFH− and 73% of FFFH+ women used running as
their primary form of physical activity (Fisherʼs exact test
p = 0.42). Women with and without FFFH also did not differ in
average serum levels of estradiol, progesterone, calcium, or os-
teocalcin but womenwhowere FFFH+ had significantly lower to-
tal alkaline phosphatase levels (l" Table 1). Although both base-
line and one-year cross-sectional QCT values were similar by
FFFH±, those with a family history of fragility fracture (FFFH+)
showed a greater annual QCT rate of BMD loss than thosewithout
(l" Table 1).
l" Fig. 1 shows the one-year change in QCT in the Vancouver co-
hort with and without a FFFH represented in tertiles of luteal
phase length (Tertile 1: 4.6–10.1; Tertile 2: 10.2–11.3; Tertile 3:
11.4–13.7 days) since luteal phase length explained 20% of the
variance in QCT change [22]. By 2-factor ANOVA, QCT change/
year was significantly related to luteal phase length (F2,59 = 5.51,
al. Premenopausal Trabecular Bone… Geburtsh Frauenheilk 2016; 76: 895–901



Table 1 Munich cohort and Vancouver cohort: baseline and final demographic and quantitative computed tomography of volumetric trabecular spinal bone
(QCT, mg/cm3) and QCT changes for the 20 Munich and 66 Vancouver women, by fragility fracture family history (FFFH±). The 95% confidence interval (CI) of
the difference and p-values are shown in the final two columns with significant differences in bold. Note: Munich: 2-year QCT interval, Vancouver: 1-year QCT
interval.

Munich cohort Vancouver cohort

FFFH−

(n = 11)

FFFH+

(n = 9)

Difference

(95% CI)

p FFFH−

(n = 44)

FFFH+

(n = 22)

Difference

(95% CI)

p

Age (y) 43.6
(4.5)

43.2
(6.5)

0.4
(−4.8 to 5.6)

0.87 33.5
(5.8)

34.3
(5.2)

−0.9
(−3.8 to 2.1)

0.56

Height (cm) 165.9
(6.4)

164.3
(8.9)

1.6
(−5.6 to 8.7)

0.65 161.3
(6)

163.5
(7.1)

−2.2
(−5.5 to 1.1)

0.19

Baseline weight (kg) 67.2
(13.2)

62.1
(10.7)

5.2
(−6.9 to 17.2)

0.38 58.1
(5.3)

58.3
(8.7)

−0.2
(−3.6 to 3.2)

0.92

Change in weight (kg) 0.2
(4.1)

−0.6
(2.2)

0.7
(−3.2 to 4.6)

0.69 0.5
(2.9)

−0.6
(2.9)

1.1
(−0.4 to 2.7)

0.14

Baseline BMI 24.3
(3.7)

23.2
(3)

1.1
(−2.1 to 4.3)

0.49 22.4
(1.7)

21.7
(2.4)

0.7
(−0.3 to 1.7)

0.18

Change in BMI 0.3
(1.4)

−0.2
(0.8)

0.5
(−0.9 to 1.8)

0.47 0.1
(1)

−0.2
(1.2)

0.3
(−0.3 to 0.8)

0.33

Baseline QCT (mg/cm3) 142.9
(18.6)

139.9
(25.3)

3.0
(−17.6 to 23.6)

0.76 155.4
(21.8)

152.1
(22.0)

3.3
(−8.1 to 14.7)

0.57

Final QCT (mg/cm3) 139.7
(18.2)

134.9
(23.6)

4.7
(−14.9 to 24.3)

0.62 153.3
(22.1)

146.7
(21.7)

6.6
(−4.9 to 18.0)

0.25

QCT change/y (mg/cm3) −1.6
(3.5)

−2.5
(3.3)

0.8
(−2.4 to 4.1)

0.60 −2.3
(4.7)

−5.9
(5.2)

3.6
(1.1 to 6.2)

0.006

Menstrual cycle length (days) 28.0
(3.6)

30.3
(4.1)

−2.3
(−6.4 to 1.9)

0.26 28.0
(2.1)

29.2
(2.8)

−1.2
(−2.4 to 0.0)

0.06

Serum calcium (mmol/L) 2.33
(0.05)

2.30
(0.06)

0.03
(−0.02 to 0.09)

0.19 2.3
(0.1)

2.3
(0.1)

−0.1
(−0.1 to 0.0)

0.09

Serum phosphate (mmol/L) 1.09
(0.09)

1.12
(0.12)

−0.04
(−0.14 to 0.07)

0.46 1.2
(0.1)

1.1
(0.1)

0.03
(−0.2 to 0.8)

0.29

Alkaline phosphatase (IU/L) 54.6
(15.4)

46.6
(11.0)

−8.0
(−0.6 to −15.4)

0.03

Pyridinoline (nmol/mmol Cr) 34.26
(5.52)

35.29
(7.61)

−1.03
(−7.20 to 5.14)

0.73

Deoxypyridinoline (nmol/mmol Cr) 7.72
(1.64)

8.02
(1.57)

−0.30
(−1.82 to 1.22)

0.68

Vitamin D (ng/ml) 24.01
(8.54)

24.08
(8.48)

−0.07
(−8.11 to 7.97)

0.99

Percent runners 27
(61.4%)

16
(72.7%)

0.42#

Osteocalcin (ng/ml) 4.82
(0.80)

5.49
(1.06)

−0.68
(−1.54 to 0.19)

0.12 4.0
(1.2)

4.0
(1.0)

0.1
(−0.5 to 0.7)

0.86

Bone-specific alkaline phosphatase
(ng/ml)

7.62
(2.03)

8.48
(2.27)

−0.85
(−2.87 to 1.17)

0.39

N-Telopeptide (nmol BCE/mmol Cr) 32.22
(8.09)

41.24
(9.63)

−9.02
(−17.34 to −0.70)

0.04

C-Telopeptide (ng/ml) 0.16
(0.07)

0.30
(0.14)

−0.14
(−0.24 to −0.04)

0.01

Urinary calcium (mmol/mmol Cr) 0.3
(0.1)

0.5
(0.4)

−0.2
(−0.5 to 0.0)

0.08 0.4
(0.2)

0.4
(0.2)

0.0
(−0.7 to 0.1)

0.56

Estradiol (pmol/L) 372.9
(173.3)

354.1
(211.5)

18.8
(−161.8 to 199.4)

0.83 291.1
(19.3)

255.4
(84.6)

35.7
(−23.9 to 95.2)

0.24

Progesterone (nmol/L) 15.5
(8.1)

12.3
(6.4)

−3.2
(0.8 to −7.1)

0.12

# % runners: Fisherʼs exact test
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p = 0.006) as well as to a family history of fragility fracture
(F1,59 = 9.74, p = 0.003). However, there was no luteal length by
FFFH interaction (F2,59 = 0.7) in the Vancouver cohort.

Munich cohort
In the Munich cohort, nine of 20 women (45%) gave a history of a
family member with fragility fracture (FFFH+). Thewomen in this
cohort were on average 43.5 years old with a BMI of 23.8 and an
Prior JC et al. Premenopausal Trabecular Bone… Geburtsh Frauenheilk 2016; 76: 89
initial QCTof 141.6mg/cm3.l" Table 1 shows thatMunich women
with FFFH+ did not differ in any demographic or reproductive
variable from women without this history. However, women
with FFFH+ had bone resorption markers that were higher –

mean N-telopeptide levels were 9.02 nmol BCE/mmol Cr (95%
CI: 0.70 to 17.34) higher and C-telopeptide levels were 0.14 ng/
ml (95%CI: 0.04 to 0.24) higher than in women without FFFH. All
other mean hormonal and bone metabolism markers were not
5–901
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Fig. 1 Annual change in volumetric trabecular spinal bone by quantitative
computed tomography (QCT) in mg/cm3/year in the 66 premenopausal,
initially ovulatory women in the Vancouver Cohort, as those without a fra-
gility fracture family history (FFFH−, n = 44) and those with FFFH+ (n = 22)
by tertiles of luteal phase length (see manuscript for a further description).
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different (l" Table 1). The numerically greater rate of bone loss in
Munich women with FFFH+ compared to those without did not
reach statistical significance.

Cohort comparisons and differences
The Vancouver and Munich cohorts, although both initially in-
cluding premenopausal, healthy and primarily white women,
differed in age, weight, BMI, interval between QCT measure-
ments and baseline and final QCT values (l" Table 2 B). However,
the two cohorts did not differ in the proportion of each cohort
with FFFH+, mean 36% (95% CI of the difference: −0.4 to 0.1).
Nor did they differ in the annual volumetric trabecular bone
change by QCT (Vancouver = −3.5 and Munich = −2.0mg/cm3 per
year; 95% CI of the difference: −3.9 to, 0.9).
The combined cohorts as shown in l" Table 2 A did not differ by
FFFH in any baseline or change demographic variables. For the
biochemical data that were jointly available (serum calcium,
phosphate, osteocalcin and estradiol levels) there was no inter-
action or main effect of FFFH.

Combined cohort
In the combined cohort, women with a biological relative having
had a fragility fracture (FFFH+; n = 31) lost bone at a faster rate
Table 2 A Combined Vancouver and Munich cohorts showing the mean of the total cohort and data stratified by the absence or presence of a fragility fracture
family history (FFFH±): baseline demographic (age, height, weight, body mass index [BMI]) and change characteristics of 86 healthy menstruating, primarily white
(84 of 86) women in the combined cohorts including 36% of women with FFFH+. Cross-sectional data and longitudinal rates of change in quantitative computed
tomography volumetric trabecular spinal bone mineral density (QCT, mg/cm3) are shown as 95% CI of the difference with significant differences in bold.
B Comparison between the Vancouver and Munich cohorts: baseline demographics (age, height, weight, body mass index [BMI]) and change characteristics of
the premenopausal women in both cohorts having quantitative computed tomography volumetric trabecular spinal bone density (QCT, mg/cm3) and QCT change
data: 66 women in the Vancouver cohort, studied over one year; 20 women in the Munich cohort, studied over two years. Values are mean (SD). The 95% con-
fidence interval (CI) of the difference is shown with significant differences in bold.

A Combined cohorts B Comparison between Vancouver and Munich cohort

FFFH−

(n = 55)

FFFH+

(n = 31)

Difference

(95% CI)

p Vancouver

(n = 66)

Munich

(n = 20)

Difference

(95% CI)

p

Age (y) 35.5
(6.9)

36.9
(6.8)

−1.4
(−4.5 to 1.7)

0.36 33.7
(5.6)

43.5
(5.4)

−9.7
(−12.5 to −6.9)

<0.001

Height (cm) 162.2
(6.3)

163.7
(7.5)

−1.5
(−4.5 to 1.5)

0.32 162
(6.4)

165.2
(7.4)

−3.2
(−6.6 to 0.2)

0.06

Baseline weight (kg) 59.9
(8.2)

59.3
(9.2)

0.6
(−3.2 to 4.5)

0.74 58.2
(6.5)

65.1
(12.2)

-6.9
(−11.1 to −2.7)

0.002

Change in weight (kg) 0.5
(3.1)

−0.6
(2.7)

1.1
(−0.3 to 2.5)

0.13 0.2
(2.9)

−0.1
(3.4)

0.3
(−1.4 to 2.0)

0.73

Baseline BMI 22.8
(2.4)

22.1
(2.6)

0.6
(−0.5 to 1.7)

0.25 22.1
(2)

23.8
(3.4)

−1.7
(−2.9 to −0.5)

0.006

Change in BMI 0.1
(1.1)

−0.2
(1.1)

0.3
(−0.2 to 0.8)

0.22 0.0
(1.0)

0.1
(1.2)

−0.1
(−0.7 to 0.5)

0.7

Baseline QCT (mg/cm³) 152.9
(21.6)

148.6
(23.3)

4.3
(−5.6 to 14.2)

0.39 154.3
(21.7)

141.6
(21.3)

12.7
(1.8 to 23.7)

0.02

Final QCT (mg/cm³) 150.6
(21.9)

143.3
(22.5)

7.3
(−2.6 to 17.1)

0.15 151.1
(22)

137.6
(20.4)

13.5
(2.5 to 24.5)

0.02

QCT change/y (mg/cm³) −2.2
(4.4)

−4.9
(5)

2.7
(0.7 to 4.8)

0.01 −3.5
(5.1)

−2.0
(3.4)

−1.5
(−3.9 to 0.9)

0.56

Years between QCT 1.2
(0.5)

1.3
(0.6)

−0.1
(−0.3 to 0.1)

0.45 1.0
(0.2)

2.2
(0.3)

−1.2
(−1.2 to −1.1)

<0.001

Serum calcium (mmol/L) 2.27
(0.11)

2.31
(0.09)

−0.03
(−0.08 to 0.01)

0.17 2.28
(0.11)

2.32
(0.06)

−0.04
(−0.10 to 0.01)

0.112

Serum phosphate (mmol/L) 1.15
(0.10)

1.14
(0.12)

0.02
(−0.03 to 0.06)

0.48 1.16
(0.10)

1.10
(0.11)

0.06
(0.00 to 0.11)

0.035

Osteocalcin (ng/ml) 4.18
(1.19)

4.40
(1.21)

−0.22
(−0.76 to 0.31)

0.41 3.99
(1.14)

5.12
(0.96)

−1.13
(−1.69 to −0.57)

<0.001

Estradiol (pmol/L) 308.1
(138.9)

284.1
(137.9)

24.0
(−38.3 to 86.3)

0.45 278.84
(113.61)

364.40
(186.38)

−85.57
(−153.87 to −17.26)

0.015
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Fig. 2 Annual change in volumetric trabecular spinal bone mineral den-
sity by quantitative computed tomography (QCT) in mg/cm3/year in a co-
hort of 86 premenopausal women from Vancouver, Canada and Munich,
Germany depicted for those without a history of a fragility fracture in a
relative (FFFH−) or a positive history of fragility fractures in a family mem-
ber (FFFH+).
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per year (−4.9mg/cm3) than did those without FFFH (n = 55;
−2.2mg/cm3; 95% CI of the difference: −0.7, −4.8). A 2-factor
ANOVA of annual QCT change by center and FFFH showed that
center was not significant (F1,83 = 2.41, p = 0.12) but that a fragil-
ity fracture family history was significantly related to the rate of
QCT change (F1,83 = 7.88, p = 0.006).
A scatter-plot of individual data in the combined cohorts by the
absence or presence of FFFH is shown in l" Fig. 2. This illustrates
the greater rate of loss in those who have a biological relative
with a fragility fracture. Fragility fracture family history ex-
plained 7.7% of the variance in QCT change (r = 0.27).
Discussion
!

This prospective study in 86 healthy, menstruating Caucasian
women shows that women with a fragility fracture family his-
tory, compared to those without – lacking any other demograph-
ic, historical, nutritional, menstrual cycle, luteal phase length, ex-
ercise, hormonal or bone marker differences – have a signifi-
cantly greater rate of volumetric trabecular spinal bone loss by
QCT. To our knowledge this is the first time a family fragility frac-
ture history has been shown to relate to trabecular bone loss.
It was possible to show that the simple history of a relative with a
fragility fracture is associated with the rate of bone change be-
cause we studied premenopausal women in whom genetic influ-
ences on bone are more important than in older women (whose
BMD may be more influenced by lifestyle factors) [31], and be-
cause our measure of bone change assessed the most sensitive
bone compartment (spinal trabecular bone) using precise QCT
methodology [22]. We were able to combine prospective data
from two healthy cohorts of menstruating primarily white wom-
en because, although residing on different continents and
studied a decade apart, they were all similarly queried about a
fragility fracture in a family member, were examined using simi-
lar QCT methodology and did not differ in annualized QCT
change.
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In both cohorts, the history of osteoporosis in a relative is based
on fragility fracture, not on a low BMD. In addition, the Munich
cohort measurements provided contemporary, sensitive bone
marker assays [32].
The strength of this study is that in both cohorts a wide range of
variables related to baseline QCT and QCT changewere measured
and were not different between those with and without a family
history of fragility fracture. We have shown that, by whether or
not they had FFFH+, women in the combined cohort did not differ
in age, BMI, exercise, menstrual cycle length (and ovulation and
luteal phase length in Vancouver). Those with FFFH+ versus
FFFH− also did not differ in changes in weight, exercise or other
variables that were comprehensively recorded. However, the
more sensitive and specific bone marker data from Munich
showed higher bone resorption marker levels (NTX and CTX) in
those with FFFH+. In the Vancouver cohort, lower total alkaline
phosphatase levels occurred in thewomenwith a family member
who had a fragility fracture. Also, in the Vancouver cohort for
whom a mean of 10 cycles per year of continuous data on luteal
phase length were available, mean luteal phase length and FFFH
did not significantly interact (F2,59 = 0.5029).
This study of longitudinal bone change in premenopausal wom-
en and family history of fragility fracture needs to be replicated.
Such a study should optimally be performedwithin a population-
based multicenter study of the premenopausal population with
change in BMD measures documented over ≥ five years. Ideally,
in such a study luteal phase length would also be documented
because of its importance to the rate of change in premenopausal
bone density by QCT (22) as well as by DXA [34,35]. A theoretical
study of this design could do genetic analysis of potential bone-
related polymorphisms along with a comprehensive reproduc-
tive and lifestyle history to better understand the bone loss oc-
curring over womenʼs average of 30–45 years of premenopausal
menstruating life.
A family history of fragility fracture may add clinical information
if a premenopausal woman experienced a low peak bone mass
related to a latemenarche or anorexia [36], or is losing BMDmore
rapidly than normal related to oligomenorrhea [37] or recurrent
ovulatory disturbances [22,32,33]. Such a history likely adds to
her individual fracture risk [1] and suggests that she may be los-
ing bone more rapidly.
In summary, these prospective data by QCTof volumetric trabec-
ular spinal BMD change show that a simple history of a fragility
fracture in a biological relative predicts a greater rate of premen-
opausal trabecular bone loss. Preliminary bone marker data sug-
gest that increased bone resorption, as might be hypothesized,
mediates this inherited increased rate of premenopausal bone
loss. To our knowledge this is the first human evidence that ge-
netic risks for osteoporosis relate to premenopausal bone change
as well as to cross-sectional BMD values. Larger and longer stud-
ies of younger men and women of white and non-white races,
ideally from a population-based cohort, in whom detailed family
fracture information has been collected, will likely advance our
clinical understanding of the role of heredity in rates of bone loss
and thus in risk for osteoporotic fractures. Also, new diagnostic
techniques such as bone microstructural assessments might val-
idate this new risk factor for bone loss as has been done for other
previously under-recognized risk factors such as ankle fracture
[38].
The implications of this study are that a family history of a fragil-
ity fracture in a younger, premenopausal womanwho herself has
osteoporosis risk factors (e.g. late menarche, previous childhood
5–901
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fractures, irregular cycles, oligo-amenorrhea or regular cycles
with frequent ovulatory disturbances, such as can be found in in-
fertility patients) should lead to increased awareness about that
young womanʼs later risk for fracture. A next step would be to
study specific diagnostic algorithms for these young women, be-
fore treatment options in this hitherto untreated population can
be explored. The data clearly need replicating before general rec-
ommendations can be made or guidelines should change.
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