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ABSTRACT
Fracture risk estimates are usually based on femoral neck (FN) BMD. It is unclear how to address T-score discordance, where lumbar
spine (LS) T-score is lower than FN T-score. The objective of this work was to examine the impact of LS BMD on fracture risk, in
individuals with lower LS T-score than FN T-score. Participants aged 60þ years from the Dubbo Osteoporosis Epidemiology Study
with LS and FN BMD measured at first visit, and were followed from 1989 to 2014. Five-hundred and seventy-three (573) of 2270
women and 131 of 1373 men had lower LS than FN T-score by�0.6 standard deviation (SD) (low-LS group based on least significant
change). In low-LS women, each 1 SD lower LS T-score than FN was associated with a 30% increase in fracture risk (hazard ratio [HR]
1.30; 95% CI, 1.11 to 1.45). For low-LS men there was a 20% nonsignificant increase in fracture risk for each 1 SD lower LS than FN
T-score (HR 1.20; 95% CI, 0.10 to 1.67). Low-LS women had greater absolute fracture risks than the rest of the women. This increased
risk was more apparent for lower levels of FN T-score and in older age groups. At an FN T-score of –2, low-LS women had a 3%, 10%,
and 23% higher 5-year absolute fracture risk than non-low LS women in the 60 to 69 year, 70 to 79 year, and 80þ years age-groups,
respectively. Furthermore, an osteoporotic LS T-score increased 5-year absolute fracture risk for women with normal or osteopenic
FN T-score by 10% to 13%. Men in the low-LS group had very few fractures; therefore, ameaningful analyses of fracture risk could not
be conducted. This study shows the significant contribution of lower LS BMD to fracture risk over and above FN BMD in women. A
LS BMD lower than FN BMD should be incorporated into fracture risk calculators at least for women in older age-groups.
© 2015 American Society for Bone and Mineral Research.
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Introduction

Bone mineral density (BMD) is currently the best tool for
assessment of fracture risk. A 1 standard deviation (SD)

lower BMD increases fracture risk by 1.5-fold to 2.0-fold.(1) BMD is
measured at several skeletal sites, but the lumbar and femoral
regions are the most widely used in clinical practice.(2) The
femoral neck (FN) region is widely regarded as the optimum
site for osteoporosis diagnosis and fracture risk assessment
because it has good predictive value for all major osteoporotic
fractures(3–5) and because lumbar spine (LS) bone density is
often spuriously elevated by degenerative changes. Thus, FN
BMD is currently the only validated BMD measurement for use
in fracture risk prediction and fracture risk calculators, although
LS BMD measurements are commonly performed, especially for
monitoring responses.(6)

Osteoporosis is defined as a LS or FN T-score of � –2.5
below a young normal mean. However, a significant propor-
tion of the population has T-score discordance, in which

different categories of T-scores (osteoporosis, osteopenia, and
normal) are present at the LS and FN.(7,8) There are several
potential causes for BMD discordance, including physiologic,
pathological, anatomic, artifactual, and technical.(9) Various
studies have analyzed the prevalence, risk factors, and impact
of such discordance on the management of osteoporosis.(9–13)

However, only a few studies have addressed the issue of
discordance.

T-score discordance in which the LS is worse than the FN can
lead to uncertainty in the decision-making process and fracture
risk assessment. Several studies have estimated that a lower LS
than FN T-score may lead to an increase in fracture risk, with this
risk ranging between 10% and 30% depending on the way the
fracture risk was calculated.(14,15) However, the impact of low LS
BMD on fracture risk remains controversial and warrants further
prospective assessment.

Therefore, the aim of this study was to comprehensively
examine the impact of LS BMDon fracture risk in individuals with
lower LS T-score than FN T-score.
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Subjects and Methods

Study population and design

This study was carried out as part of the Dubbo Osteoporosis
Epidemiology Study, as reported.(16,17) In brief, The Dubbo
Osteoporosis Epidemiology Study started in 1989 and is an
ongoing study of community-dwelling women and men aged
>60 years residing in the regional city of Dubbo, approximately
400 km northwest of Sydney, Australia. The study has been
approved by the St Vincent’s Hospital Human Research Ethics
committee. In 1989, the semi-urban city of Dubbo had a
population of 32,000 people, of whom98.6%were white. Dubbo
was chosen for its relative isolation, centralized health services,
stable population, and age and sex distribution similar to the
Australian population.
The current study included all participants who were �60

years and had bone density measurements at both LS and FN
regions at the time of their first clinic visit. The study period
extended from April 1989 to December 2014. Participants were
followed until the study end or until they sustained their initial
minimal trauma fracture, or died.

Fracture ascertainment and mortality data

Fracture events occurring from April 1989 onward were
identified through radiological services in Dubbo. Circum-
stances of the fracture were obtained through direct interview.
Only minimal trauma fractures (following a fall from standing
height or less) were included. High-trauma fractures, pathologi-
cal fractures (eg, cancer, Paget’s disease), as well as fractures of
the head, fingers, and toes were excluded. Fractures were also
classified according to initial fracture type: hip, vertebral, and
nonhip nonvertebral fracture. Vertebral fractures were those
coming to clinical attention (symptomatic fractures) without
systematic screening for vertebral deformities, or where a new
vertebral fracture was identified on X-rays for other reasons.
Mortality status of study participants was identified from

systematic searches of funeral lists, local newspapers, and Dubbo
media reports, and was verified by death certificates from the
New South Wales Registry of Births, Deaths and Marriages.

BMD measurements and WHO T-score classification

BMD (g/cm2) was measured at the site of FN and LS by DXA
using a GE LUNAR Densitometer (Madison, WI, USA). BMD was
analyzed in three categories: normal, osteopenia, and osteopo-
rosis, based on the WHO T-score classification. (T-score � 2.5 SD
osteoporotic, T-score> –2.5 and<1.0 osteopenic and T-score�
–1.0 normal. T-score reference ranges were calculated using the
female and male BMD reference ranges provided by the GE
LUNAR Densitometer, using the Australian Spine reference
population for LS BMDmeasurements and the Australian Femur
reference population for FN BMD measurements. Those
reference ranges are similar to the most up-to-date BMD
reference ranges generated from the Geelong Osteoporosis
Study and recommended by the Australia and New Zealand
Bone and Mineral Society and Osteoporosis Australia for use
Australia-wide.(18) Absolute T-score difference was calculated by
subtracting FN T-score from LS T-score.

Least significant change and study groups

Least significant change (LSC) is the least amount of BMD
change that can be considered statistically significant. It is

normally used to compare the difference between two BMD
measurements at the same site. If the difference is the same or
greater than the LSC, then the change is considered to be
statistically significant.(19) In order to determinewhether LS BMD
was significantly different from FN BMD, the LSC was calculated
using the SD of measurement error within subjects for LS BMD
(0.027 g/cm2) and for FN BMD (0.035 g/cm2)(20) and the following
formulas:

Combined BMD SD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:035Þ2 þ 0:027Þ2

��
2

r

LSC ¼ 2�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2� BMDSD2

p

LSC ¼ 0:6SD

Accordingly, individuals were divided into three groups: (1) “Low
LS” group (LS T-score – FN T-score � –0.6); (2) “No difference”
group (LS T-score – FNT –score> –0.6 and<þ0.6); and (3) “High
LS” group (LS T-score – FN T-score � þ0.6). There was no
significant difference in fracture risks between the “No
difference” and “High LS” groups in both men and women
(hazard ratio [HR] 1.02; 95% CI, 0.76 to 1.38; p ¼ 0.9 versus HR
0.98; 95% CI, 0.73 to 1.32; p ¼ 0.9) in men and (HR 1.05; 95% CI,
0.88 to 1.25; p¼ 0.6 versus HR 0.96; 95% CI, 0.80 to 1.14; p¼ 0.6)
in women. Therefore, those two groupswere combined into one
group: the “non-low LS” group, to which the “low LS” group was
compared.

Clinical characteristics

Information on falls, postural stability, and osteoporosis
medication history was collected through a direct interview
by a study coordinator. Falls were analyzed according to fall
history in the 12 months before the first clinic visit (yes/no).
Postural stability was analyzed using two measurements: sway
(using a sway meter that measures displacements of the body at
the level of the waist) and quadriceps strength (using a spring
gauge), which were assessed by the study coordinator at the
time of the first clinic visit.

Statistical analysis

All statistical analyses were performed using SAS software,
version 9.4 (SAS Institute, Inc., Cary, NC, USA).

Estimation of fracture risk

Absolute fracture risk

Fracture risk for the “low LS” group compared with the rest of
the cohort (non-low LS) was restricted to women because of
the limited number of fractures (n ¼ 19) in the “low LS” group
in men. The incidence of fracture was calculated as the number
of fractures per 1000 person-years of follow-up, assuming a
Poisson distribution. Follow-up time was calculated from the
beginning of the study to first low-trauma fracture, or death, or
end of the study. Fracture rates were expressed relative to age at
baseline visit. The estimation of five-year fracture risk according
to continuous FN T-score was performed using an age and FN
T-score–adjusted Cox proportional hazards model. Five-year
fracture risk according to LS and FN T-scores was also estimated
according to BMD classes based on WHO classification.
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Relative fracture risk

Multivariate analyses of the contributors to fracture risk were
performed for the “low LS” group using Cox proportional
hazards models. Variables analyzed included: FN T-score, T-score
difference, age, weight, height, quadriceps strength, sway, falls
(yes/no), prior fracture (fracture after the age of 50 years and
before the entry to the study), and prior treatment (history of
osteoporosis medication including hormone replacement or
other antiresorptive therapy).

Results

Study population characteristics

The study included2270womenand1373men. Themeanagewas
69� 6.8 years in women and 70� 6.0 years in men, The mean LS
T-score was –1.2� 1.7 in women andþ0.2� 1.8 in men. Women
had 726 incident fractures over 23,614 person-years and men had
222 fractures over 14,751 person-years. The average interval
between the baseline visit and initial fracture was 6.5 years (IQR, 3
to 11 years) for women and 7 years (IQR, 2 to 12 years) for men.
The average interval between baseline visit and initial fracture
according to fracture type was 8 years (IQR, 3 to 15 years) for hip
fracture in women and 11 years (IQR, 3 to 15 years) in men, 8 years
(IQR, 4 to 13 years) for vertebral fracture inwomen and 6 years (IQR,
2 to 12 years) in men, 5 years (IQR, 2 to 10 years) for non-hip non-
vertebral fracture inwomen and 7 years (IQR, 3 to 11 years) inmen.

There were 573 (25%) women and 131 (10%) men with LS
T-score in the “low LS” group, 855 (38%) women and 343 (25%)
men in the “no difference group” and 842 (37%) women and
899 (65%) men in the “high LS” group. “Low LS” women were
younger and reported fewer falls than other women. “Low LS”
men were more likely to be treated than other men. Fracture
type was different between the two groups, with more vertebral
fractures but fewer hip fractures in the “low LS” women
compared with the rest of the women (Table 1).

Fracture rates

“Low LS” women comprised 29% (n ¼ 404), 21% (n ¼ 139), and
15% (n¼ 30) of women in the 60 to 69 years, 70 to 79 years, and
>80 years age-groups, respectively. “Low LS” women had a
higher fracture rate compared to other women (35/1000 person-
years [95% CI, 32 to 40] versus 29/1000 person-years [95% CI,
27 to 32], respectively) (Table 2).

Fracture rate difference between the two groups was age-
dependent. It was increased 1.2-fold in the 60 to 69 years age
group (27/1000 person-years [95%CI, 23 to 32] in “low LS”women
versus 24/1000 person-years [95% CI, 21 to 27] in “non-low LS”
women). The difference was more apparent with increasing age,
with a 1.5-fold and 2.0-fold higher fracture rates in the “low LS”
compared to the “non-low LS” women in the 70 to 79 years and
>80 years age-groups, respectively. In the 70 to 79 years age-
group it was 57/1000 person-years (95% CI, 45 to 73) versus 35/
1000person-years (95%CI, 30 to 41), respectively. In the>80 years
age-group it was 126/1000person-years (95%CI, 79 to 203) versus
63/1000 person-years (95% CI, 49 to 80), respectively (Table 2).

Five-year absolute fracture risk according to continuous
FN T-score and age-groups

As expected, five-year fracture risk for women increased with
decreasing FN T-score independent of LS T-score. However, “low
LS”women had a higher fracture risk for every level of FN T-score
in all age-groups, but this risk was more evident in older age
(Fig. 1). For example, at a FN T-score of–2 in the 60 to69years age-
group, “low LS”women had 3%higher absolute fracture risk than
“non-low LS” women. For the same T-score in the 70 to 79 years
age-group, “low LS” women had 10% higher absolute fracture
risk compared to “non-low LS”women, whereas in the>80 years
age-group, “low LS” women had 23% higher absolute fracture
risk. As FN T-score approached normal levels, fracture risks for
the younger but not older age-groups converged. Even for an FN
T-score of zero, five-year absolute fracture risk was significantly

Table 1. Characteristics of “Low LS” and “Non-Low LS” Groups

Women Men

Non-low LS (n ¼ 1697) Low LS (n ¼ 573) Non-low LS (n ¼ 1242) Low LS (n ¼ 131)

Age (years)a 70 (7) 68 (6) 70 (6) 69 (6)
Weight (kg)a 68 (14) 67 (14) 81 (13) 80 (17)
Height (cm)a 160 (6) 160 (6) 173 (7) 173 (8)
Body mass index (kg/m2)a 27 (5) 26 (5) 27 (4) 27 (5)
Lumbar spine T-scorea –0.7 (1.6) –2.5 (1.2) 0.4 (1.8) –1.8 (1.3)
Femoral neck T-scorea –1.5 (1.1) –1.2 (1.1) –1.1 (1.1) –0.6 (1.4)
Quadriceps strength (kg)a 21 (8) 21 (8) 35 (10) 36 (10)
Sway (mm2)b 735 (480–1178) 754 (483–1147) 700 (437–1056) 676 (437–1178)
Fallsc 603 (36) 166 (29) 415 (33) 42 (32)
Treatedc 434 (26) 169 (30) 44 (4) 13 (10)
Prior fracturec 278 (16) 97 (17) 134 (11) 20 (15)
Initial fracturesc 509 (30) 217 (38) 203 (16) 19 (15)
Fracture typec

Hip 91 (18) 13 (6) 36 (18) –
Vertebral 152 (30) 101 (47) 78 (38) 10 (53)
Nonhip nonvertebral 266 (52) 103 (47) 89 (44) 9 (47)

Values in bold are significant differences at p �0.05 between “low LS” and “non-low LS” groups for the same gender.
LS ¼ lumbar spine.
aValues represent means (SD) for continuous variables.
bValues represent median (interquartile range: 25%–75%) for continuous variables.
cValues represent number (%) for categorical variables.
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increased in theolder agegroupsof “lowLS”womencompared to
“non-lowLS”women (5% in the70 to79years age-groupand15%
in the 80þ years age-group) (Fig. 1).

Five-year absolute fracture risk according to LS and FN
T-scores WHO classification

Given the common clinical use of the WHO classification of
osteoporosis in the diagnosis and decision-making process,
the fracture risk according to LS and FN WHO classification
was examined. Women with osteoporosis at both LS and FN
had the highest fracture risk (32%). Women with osteopenic
LS and normal FN had a similar fracture risk to women with
normal LS and osteopenic FN (8% versus 10%, respectively).
Similarly, women with osteoporotic LS and osteopenic FN had
a similar fracture risk to women with osteopenic LS and
osteoporotic FN (24% versus 25%, respectively). However,
having an osteoporotic LS with a normal FN or an osteopenic
FN increased absolute fracture risk by 10% and 13%,
respectively (Fig. 2).

Relative fracture risk

In “lowLS”women, adjusting forFNT-score andT-scoredifference
demonstrated that for every 1 SD LS T-score lower than FN
T-score fracture risk increased by 32% (HR 1.32; 95% CI, 1.13 to
1.47; p¼ 0.002). In multivariate modeling, this risk was essentially
unchanged at 30% (HR 1.30; 95% CI, 1.11 to 1.45; p ¼ 0.004).

In “low LS” men, adjusting for FN T-score and T-score
difference demonstrated that for every 1 SD LS T-score lower
than FN T-scorewas associatedwith 16% increase in fracture risk,
although this was not significant (HR 1.16; 95% CI, 0.19 to 1.61;
p ¼ 0.65). This risk remained nonsignificant in multivariate
modeling (HR 1.20; 95% CI, 0.10 to 1.67; p ¼ 0.61).

Sensitivity analyses (fracture risk excluding individuals with prior
treatment)

The analyses were repeated after excluding women with prior
treatment (hormone therapy [HT] only, n ¼ 368; bisphospho-
nates [BP] or other osteoporosis medication, n¼ 160; HTþ BP or

Table 2. Initial Fracture Rates for “Low LS” and “Non-Low LS” Women According to Age-Group

Non-low LS Low LS

Individuals
(n)

Fracture
(n)

Initial fracture rates per 1000
person-years
(95% CI)

Individuals
(n)

Fracture
(n)

Initial fracture rates per 1000
person-years
(95% CI)

Women
All 1697 509 29 (27–32) 573 217 35 (32–40)
60–69
yearsa

1006 271 24 (21–27) 404 130 27 (23–32)

70–79
yearsa

517 172 35 (30–41) 139 70 57 (45–73)

>80
yearsa

174 66 63 (49–80) 30 17 126 (79–203)

Values in bold are significant at p �0.05.
LS ¼ lumbar spine.
aAge at baseline.

Fig. 1. Five-year absolute fracture risks for “low LS” and “non-low LS”women according to continuous femoral neck T-scores and age (60–69 years, 70–
79 years, and 80þ years).
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other osteoporosis medication, n ¼ 75). The significant increase
in fracture risk remained for every 1 SD lower LS T-score than FN
in “low LS” women (30% [HR 1.30; 95% CI, 1.08 to 1.47; p¼ 0.01]
after adjusting for FN T-score and T-score difference and 29%
[HR 1.29; 95% CI, 1.07 to 1.46; p ¼ 0.01] after adjusting for all
variables).

After excluding men with prior treatment (testosterone
only, n ¼ 12; BP or other, n ¼ 45), there was still a
nonsignificant increase in fracture risk for every 1 SD lower LS
than FN T-score in “low LS” men (36% [HR 1.36; 95% CI, 0.49
to 1.72; p ¼ 0.3] after adjusting for FN T-score and T-score
difference and 42% [HR 1.42; 95% CI, 0.5 to 1.77; p ¼ 0.3] after
adjusting for all variables).

Discussion

This is the first study, to our knowledge, to comprehensively
examine the impact of low LS BMD on fracture risk while
accounting for different age-groups and different levels of FN T-
score. In women with significantly lower LS than FN T-score (low
LS group), there was a significant 30% increase in fracture risk for
each 1 SD lower LS than FN T-score. Low LS women had a higher
absolute fracture risk for all levels of FN BMD, which was more
marked in the osteopenic and osteoporotic ranges of FN BMD
and in older age-groups. In low LSmen, every 1 SD lower LS than
FN T-score increased fracture risk by 20%; however, this was not
significant because of the limited number of fractures in men
with a lower LS T-score than FN T-score.

In this cohort, 25% of women had a significantly lower LS T-
score than FN T-score (0.6 SD) compared to 10% of men.
Consequently, men were under-represented in the “low LS”
group, in which there were only 19 men with a fracture.
Therefore, a meaningful analyses of fracture risk for low LS men
was not achievable. The low numbers of men with significantly
lower LS T-score than FN T-score may be explained by the
increased bone loss at LS associated with loss of estrogen
at menopause, especially in the first ten years post-meno-
pause.(21,22) Indeed menopause was found to be strongly
associated with T-score discordance, where LS BMD was lower
than FN BMD in a couple of studies.(12,23) Moreover, it is noted
that men have a higher mean LS BMD than women overall. This
could be explained by the higher frequency of spine degenera-
tive changes including ligamental calcifications and osteophyte

formation that occur particularly in older men, which is why
LS BMD measurements are generally ignored in both older men
and women.

Currently, FN BMD is considered the gold standard for
diagnosis of osteoporosis and assessment of fracture
risk.(1,3,24,25) FN BMD has the highest predictive value for all
major osteoporotic fractures, particularly for hip fractures, which
are considered the most severe fracture type.(1,3,5,26) In part, this
is considered to be due to the confounding of LS BMD values by
degenerative changes that spuriously elevate the measured LS
BMD values. Moreover, the gradient of risk of FN BMD for
fracture at any given FN BMD in men seems to be similar to that
in women.(5,27,28) Additionally, the predictive value of FN BMD is
not significantly attenuated with time, suggesting it can be used
in assessing long-term fracture probabilities.(5,25)

However, lower BMD measured at sites other than the FN,
such as the LS, has been shown to indicate increased fracture
risk.(26,29,30) Two studies have reported that women with LS
T-score lower by 1 SD than FN T-score had increased fracture
risk.(14,15) In one cross-sectional retrospective study, womenwith
LS T-score lower by 1 SD than FN T-score had a 14% increased
risk of fracture.(15) Another group reported a 10% increase in
fracture risk per 1 SD lower LS T-score compared to FN
T-score.(14) This was similar to the findings in a recent meta-
analysis, which concluded that a 9% increase in fracture risk was
associated with each 1 SD decrease in LS T-score compared to
FN.(6) The difference between those findings and the current
study is that the current study focused on fracture risk in those
individuals with a statistically significant lower LS T-score than
FN, based on the LSC (0.6 SD). This is the group of interest where
the impact of low LS may be expected to increase fracture risk,
and women demonstrated an increase of 30% in fracture risk
for each 1 SD lower LS T-score compared to FN.

A novelty of this study is its investigation of the impact of low
LS T-score, specifically in women who had significantly lower LS
T-score than FN T-score, taking into account different age-
groups and different FN T-score levels. When FN BMD was
analyzed as a continuous variable, “low LS” women had higher
five-year absolute fracture risks for all FN T-score levels and
across all age-groups, which was more pronounced in the lower
FN T-score levels and in older age. For example, for a T-score of
–2.0, “low LS” women in the 60 to 69 years age-group had a 3%
increased five-year fracture risk, a 10% increase in women in the
70 to 79 years age-group, and and a 23% increase in women in
the 80þ years age-group compared to “non-low LS” women.
Even at a FN T-score of zero, five-year absolute fracture risk was
significantly increased in the older age-groups of “low LS”
women compared to “non-low LS” women (5% in the 70 to
79 years age-group, and 15% in the 80þ years age-group).

Comparatively, when women of all ages were grouped
according to the WHO classification at the LS and FN, women
with a LS T-score that was one or two WHO classes below their
FN T-score had a higher five-year absolute fracture risk. Overall
fracture risk has been reported to be increased by 30%when the
LS T-score was one or two WHO classes below the FN T-score.(15)

In the present study, the addition of an osteoporotic LS to a
normal or osteopenic FN, increased absolute fracture risks by
10% and 13%, respectively.

T-score discordance creates uncertainty over how to interpret
bone densitymeasurements, especially when LS T-score is much
lower than FN T-score. Some suggest using the lowest T-score
of the two measurements.(31) The National Osteoporosis
Foundation recommends treatment for an LS T-score in the

Fig. 2. Five-year absolute fracture risks for women according to
osteoporosis, osteopenia, and normal WHO classification at the lumbar
spine and femoral neck.
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osteoporotic range regardless of the estimated risk.(32) Other
studies including a set of Canadian guidelines suggested
substituting the minimum T-score obtained from sites other
than the FN for the FN T-score.(33–36) However, this did not
improve fracture risk prediction and was reported as systemati-
cally overestimating fracture risk.(34,35,37) Some of those studies,
which focused on use of multiple sites for the diagnosis of
osteoporosis, have proposed combining LS and FN measure-
ments to enhance the accuracy for risk characterization.(34,35,38)

A report from the Manitoba cohort and a meta-analysis of ten
international cohorts have investigated the impact of low LS
BMD in light of the Fracture Risk Assessment Tool (FRAX)
estimated risks and it was suggested that a procedure based on
the difference (offset) between the LS and FN T-scores could
enhance fracture risk prediction with FRAX.(6,14) However, in
clinical practice this is not a simple practical solution.
The present study provides further evidence about the

significant contribution of a lower LS BMD than FN BMD to
fracture risk in people with T-score discordance. The novelty of
this study is the comparisons of absolute changes in fracture
risk over time in individuals with a 0.6 SD lower LS T-score than
FN T-score. However, this alsomeans that those estimates would
be even higher in an individual with a LS T-score that is more
than 0.6 SD lower than FN T-score (eg, 1 SD). The findings
highlight the importance of incorporating into themanagement
process the low LS T-score especially for women >70 years old
with a normal or osteopenic FN who are generally considered
in the low fracture risk category and may not necessarily
require treatment. In these groups, at least, fracture risks should
be assessed based on both FN and LS T-scores to provide a
more accurate risk estimate.
Although BMD is one of the major determinants of bone

strength and fracture risk,(5) there is considerable overlap in
BMD values between individuals who develop fractures and
those who do not.(39) The trabecular bone score (TBS), a new
measurement using the grayscale variation in DXA images,
has been shown to add value to BMD in fracture risk
assessment.(40–42) This could be of particular importance when
BMD is in the non-osteoporotic range and is not sufficient for
risk stratification. One study reported that spine TBS predicted
fracture almost as well as LS BMD, and that the combination
was superior to either measurement alone.(43) Their relevant
contributions remain to be studied where both TBS and LS BMD
are available.
This study has a number of strengths. It is a large population-

based prospective study of men and women followed for more
than 20 years. The large number of fracture events that were
recorded enabledmeaningful analyses of fracture risk according
to different levels of BMD in women. This study evaluated
the impact of low LS BMD on fracture risk by providing a
comprehensive comparison of fracture outcomes among
different levels of FN BMD. However, this study has some
limitations. The cohort is predominantly white, and the results
may not be the same in other ethnic groups. There were fewer
men thanwomenwith lower LS T-score than FN T-score andwith
much fewer fractures; therefore, meaningful analyses could not
be conducted. All LS BMD measurements were included; the
presence of any pathology that could potentially increase BMD
such as osteoarthritis or sclerosis was not examined. However,
this could only result in the number of people with lower LS
T-scores being underestimated, because they would have been
misclassified as having higher LS T-scores. Baseline measure-
ments for risk factors were used for fracture risk assessment;

therefore, any changes over the period of follow-up (improve-
ment or deterioration) in risk factors such as falls status and
postural stability measures were not included.

In conclusion, this study provides valuable information
about the contribution of LS BMD to fracture risk. Women with
significantly lower LS T-scores than FN T-scores (at least �0.6
SD) demonstrated consistently higher absolute fracture risks
regardless of their FN T-scores. The findings clearly suggest
that a low LS BMD should not be ignored. The effect of having
a lower LS BMD was not uniform across age-groups and FN
BMD levels, with an increasing effect for older age-groups
and lower FN BMD levels. For these women, in particular, LS
discordance is likely to affect treatment decision thresholds.
Guidelines that emphasize the use of LS BMD in addition to
FN BMD, for the diagnosis of osteoporosis, assessment of
fracture risk, and treatment decision and monitoring need
to be implemented. Ultimately, a clinically practical method
that incorporates LS BMD in the fracture risk prediction
and accurately reflects the contribution of both FN and LS
BMD to fracture risk is warranted.
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