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Abstract

Background
Several retrospective studies have reported spine–femur discordance in bone mineral density (BMD)
values. However, the average age of individuals in these studies was the mid-50s, which is younger than
the typical age of individuals requiring treatment for primary osteoporosis. Therefore, we aimed to
investigate factors associated with discordance in the percentage of young adult mean (YAM) between
the lumbar spine and femoral neck in the elderly population.

Methods
We evaluated 4549 dual-energy X-ray absorptiometry (DXA) measurements obtained from 2161 patients
(269 men and 1892 women) between January 2014 and December 2017 at our hospital. For individuals
with more than one eligible set of measurements, the �rst record was used. We investigated each
patient’s age, sex, body mass index, current smoking status, alcohol consumption, use of steroids,
presence of diabetes mellitus, and presence of rheumatoid arthritis.

Results
The mean age of the patients was 76.4 ± 8.9 years. Older age (p < 0.001), male sex (p < 0.001), and
diabetes mellitus (p = 0.007) were signi�cantly associated with spine–femur discordance in the
percentage of YAM.

Conclusion
The frequency and magnitude of spine–femur discordance in the percentage of YAM from DXA scans
increased with age. Notably, more than 77.36% of patients in their 90s had spine–femur discordance > 
10% of YAM. Furthermore, the frequency of spine–femur discordance was higher in men and in patients
with diabetes mellitus, suggesting that the percentage of YAM at the lumbar spine may not be reliable for
diagnosis of osteoporosis in patients with these factors.

Background
Dual-energy X-ray absorptiometry (DXA) is a cost-effective method for measuring bone mineral density
(BMD) with low radiation exposure. Strategies for initiating treatment in patients with primary
osteoporosis frequently rely on the use of DXA. Investigating whether fragility fractures are present,
measuring BMD, and considering the presence of other diseases suggestive of secondary osteoporosis
are crucial in the management of osteoporosis. In Japan, the diagnostic criteria for osteoporosis de�ned
in 1996 were initially based on the percentage of young adult mean (YAM) for the areal BMD of the
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lumbar spine (LS) or femoral neck (FN), which are as follows: normal, > 80% of YAM; osteopenia, ≤ 80%
and > 70% of YAM; and osteoporosis, the presence of fragility fracture or ≤ 70% of YAM.1 Then, in 2012,
the classi�cation was revised to include T-scores, which are as follows: normal, ≥−1.0 T-score;
osteopenia, <−1.0 and > − 2.5 T-score; and osteoporosis, the presence of proximal femur or vertebral body
fracture or presence of other fragility fractures with < 80% of YAM or ≤ 70% of YAM.1 Further, 70% and
80% of YAM correspond to T-scores of − 2.5 and almost − 1.5, respectively. Therefore, a difference of 10%
in the percentage of YAM is signi�cant in terms of diagnosing osteoporosis.

In contrast, BMD is measured at a single site in many countries. FN BMD was reported to have the
highest predictive value for all major osteoporotic fractures, especially hip fractures.2 However, patients
with low LS and FN BMD have different types of fractures. It is therefore advisable to measure BMD at
multiple sites in order to select the appropriate treatment.3 We often �nd in clinical practice that patients
have spine–femur discordance in BMD values assessed using the percentage of YAM or T-score.4 In such
patients, there is a risk that necessary treatment for osteoporosis will not be administered depending on
which site is measured. Spine–femur discordance in BMD values occur for physiological, pathological,
anatomical, artifactual, and technical reasons.5 Several retrospective cohort studies have reported that
age, obesity, menopause, and multiple pregnancies are associated with the development of spine–femur
discordance in BMD.6–8 However, the average age of individuals in those studies was the mid-50s, which
is younger than the typical age of individuals who require treatment for primary osteoporosis.

In Japan, a country with the world’s largest elderly populations, the number of older adults requiring
nursing care continues to increase, and locomotive syndrome, including osteoporosis, affects a large
proportion (25%) of the elderly population.9 However, no studies have yet analyzed discordance in the
percentage of YAM in the elderly population. Therefore, this study aimed to investigate the actual
incidence and prevalence of spine–femur discordance and factors associated with discordance in the
percentage of YAM, predominantly in the elderly Japanese population.

Methods

Patient population
This was a retrospective study of DXA data obtained from January 2014 to December 2017 at our
hospital. Data from 4549 DXA scans of the LS and FN acquired simultaneously in a group of patients
aged > 50 years were evaluated. For individuals with more than one eligible set of measurements, the �rst
record was used. All patients underwent general interviews and physical measurements of height and
weight before the DXA scans. Details on current smoking status, alcohol abuse (more than three drinks a
day), presence of diabetes mellitus, use of corticosteroids, and rheumatoid arthritis were obtained for
each patient. The study was conducted in accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) and was approved by the institutional review board of our hospital.
The requirement for informed consent was waived owing to the retrospective nature of this study.
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DXA measurement method
All DXA scans were acquired either for diagnosing osteoporosis or for determining the e�cacy of
medication using a Hologic Discovery Ci system (Hologic Inc., Marlborough, MA).

The measurement accuracy (coe�cient of variation) of the DXA method was 1.0% for both the LS and
FN. LS BMD values were measured at the L2 to L4 level in the anteroposterior view. DXA scans of the FN
were obtained with the patient in the supine position and lower limbs internally rotated by 20°. BMD
values obtained for the right FN were primarily used; however, values obtained from the left FN were used
when the right hip was replaced with implants. The exclusion criteria were patients with implants in the
LS and both hips. The Japanese normative data for the percentages of YAM at LS and FN reported by the
Japanese Society of Bone and Mineral Research and the Joint Review Committee of the Japanese
Society for Osteoporosis were based on the average values for people aged 20–44 and 20–29 years,
respectively. In the present study, LS (L2–4) BMD was calculated using a reference YAM of 1.024 g/cm2

(SD = 0.131 g/cm2) for men and 1.010 g/cm2 (SD = 0.119 g/cm2) for women. FN BMD was calculated
using a reference YAM of 0.828 g/cm2 (SD = 0.092 g/cm2) for men and 0.790 g/cm2 (SD = 0.090 g/cm2)
for women.1

Statistical analysis
Discordance in the percentage of YAM (percentage of YAM at LS minus percentage of YAM at FN) was
categorized according to the following thresholds: ≥10% (group A); ≥−10% to < 10% (group B); and < − 
10% (group C). Continuous variables are expressed as means ± standard deviations and were analyzed
using analysis of variance and Student’s t-test. Categorical variables are expressed as numbers
(percentages) and were compared using Fisher’s exact test. A Bonferroni post hoc test was performed for
multiple comparisons. All tests were two-tailed, and statistical signi�cance was de�ned as p < 0.05. All
statistical analyses were performed using SPSS version 23.0 (IBM Japan, Ltd., Tokyo, Japan).

Results
The patient demographics are presented in Table 1. The study population included 2161 patients (269
men [12.4%] and 1892 women [87.6%]) with a mean age of 76.4 ± 8.9 years. The numbers of patients in
their 50s, 60s, 70s, 80s, and 90s were 74, 446, 736, 799, and 106, respectively. There were 32 patients
(1.5%) with a body mass index >30 kg/m2, 85 (3.9%) who currently smoked, 60 (2.8%) who abused
alcohol, 242 (11.2%) with diabetes mellitus, 270 (12.5%) who were using corticosteroids, and 174 (8.1%)
with rheumatoid arthritis. The mean percentages of YAM at LS were 82.5% ± 20.8%, 80.8% ± 18.9%,
80.4% ± 18.3%, 77.5% ± 18.0%, and 72.5% ± 17.9% for patients in their 50s, 60s, 70s, 80s, and 90s,
respectively; the corresponding mean percentages of YAM at FN were 75.1% ± 13.5%, 73.7% ± 14.1%,
69.2% ± 13.0%, 63.3% ± 13.8%, and 55.3% ± 13.6%, respectively. 

Patient demographics in the three groups based on spine–femur discordance in the percentages of YAM
are shown in Table 2. Older age (p<0.001), male sex (p<0.001), and diabetes mellitus (p=0.007) were
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signi�cantly associated with spine–femur discordance in the percentage of YAM. There was a signi�cant
difference in age among the groups, with patients in group A being signi�cantly older than those in
groups B and C (78.0 ± 8.7 years vs. 74.8 ± 8.7 years and 73.2 ± 8.5 years, p < 0.001). The proportion of
male patients was signi�cantly higher in group A than in group B (15.41% vs. 9.02%, p < 0.001). The
proportion of patients with diabetes mellitus was also signi�cantly higher in group A than in group B
(13.29% vs. 8.91%, p = 0.007). No signi�cant difference in any of the factors investigated was found
between groups B and C. Body mass index >30 kg/m2, current smoking, alcohol abuse, corticosteroid use,
and rheumatoid arthritis were not associated with spine–femur discordance in the percentage of YAM

The distribution of spine–femur discordance by age group is presented in Fig. 1. The discordance rates in
groups A, B, and C were respectively 36.36%, 53.25%, and 10.39% for patient in their 50s, 35.62%, 53.76%,
and 10.62% for those in their 60s, 48.27%, 44.81%, and 6.91% for those in their 70s, 58.45%, 35.79%, and
5.76% for those in their 80s, and 77.36%, 20.75%, and 1.89% for those in their 90s. 

Fig. 2 shows the relationship between older age and the percentages of YAM at LS and FN in male
patients with diabetes mellitus and in female patients without diabetes mellitus. The regression
equations and correlation coe�cients (R2) were as follows: (a) male patients with diabetes mellitus:
the percentage of YAM at LS, y = 0.4x + 66.6 (R2 = 0.02); the percentage of YAM at FN, y = −0.3x + 96.0
(R2 = 0.02) and (b) female patients without diabetes mellitus: the percentage of YAM at LS, y = −0.2x +
90.8 (R² = 0.008); the percentage of YAM at FN, y = −0.5x + 107.6 (R² = 0.1).

One example of discordance

A 79-year-old man with type 2 diabetes mellitus was found to have degeneration of the LS. There was a
large discordance in BMD on DXA between the percentages of YAM at LS and FN (93% and 67%,
respectively). Osteophytes and aortic calci�cation were identi�ed on radiographs (Fig. 3a, b), which
increased the LS YAM values. The axial computed tomography (CT) values for the fourth lumbar vertebra
were 411 Houns�eld units (HU) and 77 HU with and without osteosclerosis, respectively (Fig. 3c).

Discussion
To the best of our knowledge, this is the �rst study to examine the factors associated with discordance in
the percentage of YAM in a population with an average age of > 75 years. Using multivariate logistic
regression analyses, Mounach et al. showed that age, menopause, and obesity contributed to discordant
spine–femur T-scores in 3479 patients with a mean age of 55.7 years.6 Moayyeri et al. investigated 4299
patients with an average age of 53.4 years and reported the causes of discordant T-scores to be age,
obesity, menopause, and late menopause.7 Furthermore, Singh et al. reported a signi�cant association of
discordant T-scores with age > 50 years, premature menopause, and multiple pregnancies.8 The average
age of the individuals in the aforementioned studies was in the mid-50s, which is younger than the typical
age of patients requiring treatment for primary osteoporosis.
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Our study population closely re�ects the age range of patients with osteoporosis in today’s aging society.
Similar to previous reports, this study found age to be the most important factor associated with spine–
femur discordance in the percentage of YAM. Notably, 58.5% of patients in their 80s and 77.4% of those
in their 90s had a spine–femur discordance rate of > 10% of YAM (group A). Age-related pathological
�ndings, such as osteophytes, facet hyperplasia, endplate sclerosis, and aortic calci�cation, are more
prominent in the LS than in the FN.10–13 In contrast, FN BMD is affected by osteoarthritis of the hip
joint.14 Yoshimura et al. reported that the prevalence of advanced-stage hip arthrosis was 3.5% (men,
1.0%; women, 6.1%), which is much lower than that of degenerative lumbar spondylosis.15

Our �ndings show that sex is also a signi�cant factor in spine–femur discordance in the percentage of
YAM, which is a novel �nding. This study focused on the elderly and its �ndings may be
epidemiologically plausible based on data from the Research on Osteoarthritis/Osteoporosis Against
Disability study, which showed that the prevalence of deformity associated with lumbar spondylosis with
a Kellgren–Lawrence grade ≥ 2 was 85.3% and 74.8%, respectively, for men and women in their 70s and
89.6% and 78.3% for men and women aged > 80 years.11 Moreover, Mitchell et al. reported that abdominal
aortic calci�cation was more severe in men than in women in 336 cases at autopsy.16 Accordingly, the
prevalence of lumbar degeneration and abdominal aortic calci�cation in men is higher than that in
women, which may lead to an increase in LS BMD.

This study also showed that diabetes mellitus was a signi�cant independent predictor of increased
spine–femur discordance in the percentage of YAM. Interestingly, the percentage of YAM at LS for men
with diabetes mellitus increased with age (Fig. 2a). This is a rare �nding and was not observed for any
other factors. Although the correlation coe�cient was not particularly high, an in-depth investigation of
the reason behind this is necessary. In contrast, when male sex and diabetes mellitus were excluded,
women without diabetes mellitus showed much less spine–femur discordance in the percentage of YAM
at the corresponding age than did men with diabetes mellitus (Fig. 2a, b). Hong et al. recently showed
that the prevalence of diabetes mellitus was higher in both men and women when the LS T-score was
higher than the FN T-score.17 However, the reason was not clari�ed. A meta-analysis indicated that type 2
diabetes mellitus affected both LS and FN BMD.18 Increased BMD has been reported in patients with type
2 diabetes due to obesity and abnormal adipokine secretion.19 Special management strategies are
needed for patients with type 2 diabetes because their bones are fragile; they have porous cortical bone
due to increased levels of advanced glycation end products.20 The reasons for the increase in spine–
femur discordance in the percentage of YAM in patients with diabetes mellitus are presumably as
follows. Diffuse idiopathic skeletal hyperostosis (DISH), a condition characterized by ossi�cation of the
anterior longitudinal ligament of the spine, generally increases the BMD of the spine.21 Although the
etiological factors have not yet been elucidated, HLA-B8 is common in both DISH and diabetes.22 At an
average age of 65 years, 10.8% of Japanese individuals (22.0% male, 2.5% female) had DISH.23

Moreover, aortic calci�cation, which is common in diabetic patients, contributed to increased LS BMD,24

and may be a cause of the spine–femur discordance in the percentage of YAM. Calci�cation of the
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femoral artery had no effect because it was not anatomically within the measurement �eld of the FN on
DXA. In contrast, the thicker abdominal aorta had more impact as it was in the measurement �eld of the
LS.

Recently, measuring the CT value of lumbar cancellous bone in the area while excluding degenerative
changes and vascular calci�cations has proven useful for evaluating BMD.25 The HU measurement had
excellent inter-rater and intra-rater reliability. Pickhardt et al. reported that HU values of 110 and 135,
respectively, were 90% speci�c for detecting osteoporosis and osteopenia at L1.26 Abdominal CT scans
previously performed for visceral disease could be useful for vertebral HU measurement in the elderly
population. Thoracic vertebral CT values have also been reported to be useful for detecting bone loss.27

Therefore, CT assessment may be an alternative method for measuring local BMD in cases with spine–
femur discordance in the percentage of YAM due to degenerative change and aortic calci�cation. A
limitation of CT is the consequent radiation exposure, which is low for one DXA scan of the LS (1.7
µGy),28 but substantially higher for a CT scan at the same site (10 µGy).29

This study has several limitations that should be acknowledged. First, there were fewer men than women
in the population studied, which would be expected given that osteoporosis is a more prevalent disease in
women. However, there were 269 men in the study, which was considered su�cient for statistical
analysis. Second, we included degenerative vertebrae and vertebral fractures, whose prevalence increases
with age, were included in the study. Therefore, a nested case-control study is necessary to investigate
factors other than aging in depth. Third, we excluded patients who had implants in both hips because the
FN BMD was unmeasurable. Many patients with hip fractures were expected to have low FN BMD.
Contrastingly, most cases of total hip replacement were done due to hip osteoarthritis that would not
cause low FN BMD. Finally, the study population included patients who had undergone DXA testing for
diagnosis of osteoporosis as well as those who were being treated with drugs for osteoporosis. Most
drugs used to prevent or treat osteoporosis lead to formation of more cancellous bone than cortical bone.
The LS, which is rich in cancellous bone, tended to have a higher increase in the percentage of YAM than
the FN, owing to the administration of bisphosphonates and parathyroid hormone products.30 Therefore,
the �rst test value was used to minimize the effects of medication in patients undergoing multiple DXA
tests.

Conclusion
Our results indicate that spine–femur discordance in the percentage of YAM tends to be greater in
patients who were older, those who are male, and those with diabetes mellitus. Therefore, the percentage
of YAM at LS may be inappropriate for diagnosing osteoporosis in patients with these factors.

List Of Abbreviations
BMD Bone mineral density
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CT Computed tomography

DISH Diffuse idiopathic skeletal hyperostosis

DXA Dual-energy X-ray absorptiometry

FN Femoral neck

HU Houns�eld units

LS Lumbar spine

YAM Young adult mean
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Tables
Due to technical limitations, table 1,2 is only available as a download in the Supplemental Files section.

Figures

Figure 1

Discordance in the percentage of YAM (percentage of YAM at LS minus percentage of YAM at FN) was
categorized according to the following thresholds: <−10% (group A); ≥−10% to <10% (group B); and
≥10% (group C). YAM, young adult mean; LS, lumbar spine; FN, femoral neck
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Figure 2

The percentage of YAM at LS and FN according to age. Each dot represents one person. The dashed and
solid lines approximate the percentage of YAM at LS and FN, respectively. YAM, young adult mean; LS,
lumbar spine; FN, femoral neck
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Figure 3

(a) An anteroposterior radiograph. (b) A lateral radiograph. (c) An axial computed tomography image of
the fourth lumbar vertebra reconstructed at the level of the dotted line in the anteroposterior radiograph
(a).
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