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Study Design: Retrospective cohort study.
Purpose: We propose a method for screening for low bone mineral density (BMD) among perimenopausal and postmenopausal 
women using a self-reported questionnaire.
Overview of Literature: Osteoporosis is a major health problem worldwide. However, it is not cost-effective to evaluate BMD in all 
patients. Although several tools for predicting osteoporosis have been established, they do not focus much on low BMD prior to the 
development of osteoporosis.
Methods: We retrospectively reviewed the medical records of 198 women aged 40–70 years who underwent mass screening for 
osteoporosis at our hospital between 2016 and 2019. The BMD values and the following data were collected: age, body mass index, 
fracture history, lower back pain, height loss, kyphosis, history of fragility fracture, family history of vertebral or hip fracture, and 
menopause. The reliability of each data point for the young adult mean <80% was calculated using discriminant analysis. Variables 
with large weight coefficients were selected and scored. This scoring tool was examined, and a cutoff score for predicting the young 
adult mean <80% was determined.
Results: Sixty-four participants (32.3%) had a young adult mean <80%. According to the weight coefficients, the following five 
variables were scored as follows: age ≥60 years 3 points, body mass index <22 kg/m2 3 points, lower back pain 1 point, height loss 
(cm) 1 point, and menopause 1 point. The area under the receiver operating characteristic curve was 0.738 (95% confidence interval, 
0.669–0.807). At cutoff scores of ≥5 and <5, the sensitivity was 82.8%, with specificity of 52.0%.
Conclusions: The scoring tool performed well for predicting young adult mean <80% among perimenopausal and postmenopausal 
women in Japan. This tool may be useful to screen for low BMD.
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Introduction

Osteoporosis is a systemic skeletal disease characterized 
by low bone mass and microarchitectural deterioration 
of bone tissue, leading to enhanced bone fragility and 
increased incidence of fracture [1]. In recent years, the 
indications of spine surgery have extended to older indi-
viduals, and the incidence of postoperative complications 
associated with bone fragility has been increasing [2]. Os-
teoporosis is generally diagnosed by hip or lumbar bone 
mineral density (BMD) measurements using dual X-ray 
absorptiometry (DXA). Who should be examined using 
BMD measurements remains under debate because of the 
cost and availability of DXA. Considering the cost-effec-
tiveness, target screening is better than universal screen-
ing. To select patients who would benefit from BMD test-
ing, a simple questionnaire can be useful.

Previous studies reported several tools for predicting 
the risk of osteoporosis [3,4]. However, they did not focus 
much on low BMD prior to the development of osteopo-
rosis. Nevertheless, approximately four in five postmeno-
pausal women with new fractures had a BMD of more 
than -2.5 standard deviations (SDs) of the young adult 
mean (YAM) value [5]. In Japan, a BMD less than 80% 
of the YAM value (YAM <80%), which is approximately 
less than -1.7 to -1.8 SDs of YAM depending on the mea-
surement device [6], is defined as “close examination 
required” in mass screening for osteoporosis based on the 
Japanese osteoporosis guidelines [7]. It may be clinically 
meaningful to predict “close examination required” with 
simple cost-free tools in order to select patients for whom 
BMD should be measured.

In the current study, we investigated a method for the 
mass screening of osteoporosis based on a self-reported 
questionnaire and measurement of BMD to propose a 
preliminary self-assessment scoring tool for predicting 
YAM <80% for perimenopausal and postmenopausal 
healthy women in Japan.

Materials and Methods

1. Study population

This study was approved by the institutional review board 
at Nara City Hospital (approval no., NCH 20-46) and 
informed consent was obtained in the form of opt-out 
on the website. We retrospectively reviewed the medical 

records of 198 consecutive participants who underwent 
Nara City Osteoporosis Mass Screening in our hospital 
between 2016 and 2019.

Nara City Osteoporosis Mass Screening for perimeno-
pausal and postmenopausal women was provided in Nara 
city, Nara prefecture, Japan. The inclusion criteria were 
women who were residents of Nara city, and were 40, 45, 
50, 55, 60, 65, and 70 years of age. These women were 
screened in 29 hospitals in Nara city, including our insti-
tute. The screening consisted of a self-reported question-
naire and measurement of BMD using DXA.

2. Data collection

The following data were collected based on the self-
reported questionnaire: age, body mass index (BMI), 
history of fracture, lower back pain, height loss, kyphosis, 
history of fragility fracture, family history of vertebral or 
hip fracture, and menopause. Participants filled in their 
age, height, body weight, and provided yes/no answers 
for each question in the questionnaire. BMD measure-
ments were performed by DXA technology using Lunar 
Prodigy equipment (GE Healthcare, Tokyo, Japan) on the 
total proximal femur and/or lumbar spine. The calculated 
BMD value was automatically converted to the YAM 
value, which indicated the percentage of the participants’ 
BMD compared with that of healthy Japanese adults of the 
same sex; reference ages were 20–40 years for BMD. Based 
on the diagnostic criteria for osteoporosis outlined by the 
Japanese Society for Bone and Mineral Research (JSBMR) 
[6], the lower YAM value of the total proximal femur and/
or lumbar spine was selected as the participant’s YAM 
value for analysis.

3. Statistical analysis

The reliability of each data point for the YAM <80% value 
was calculated using discriminant analysis. For discrimi-
nant analysis, the cutoff points of the participants’ ages 
and BMIs were determined based on the mean scores 
for age and BMI to establish a predictive scoring system. 
Based on a mean age of 59 years and a mean BMI of 22.2 
kg/m2, 60 years of age and a BMI of 22 kg/m2 were used as 
cutoff points. Variables with large weight coefficients were 
selected for our scoring system. Each selected variable was 
scored according to the value of the corresponding weight 
coefficient. For the discriminant analysis, a positive score 
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was a prediction of YAM <80%. Thereafter, the prognostic 
results obtained with this scoring tool were examined, 
and a cutoff score was determined. Additionally, the de-
termined cutoff score was examined for the prediction of 
YAM ≤70%, which is approximately less than -2.5 SDs of 
YAM. Statistical analyses were performed using IBM SPSS 
ver. 25.0 for Windows (IBM Corp., Armonk, NY, USA).

Results

A summary of the characteristics of the participants is 
shown in Table 1. Sixty-four participants (32.3%) had a 
YAM <80% (representing “close examination required”) 
and 134 (67.7%) did not. Twenty-eight (14.1%) partici-
pants had a YAM ≤70%.

The results of the discriminant analysis (weight coef-
ficients) are presented in Table 2. To obtain these results, 
five variables with higher values of more than 0.1 (age ≥60 
years, BMI <22 kg/m2, lower back pain, height loss, and 
menopause) were selected to constitute a predictive scor-
ing system. These selected variables were assigned certain 
integer values according to their weight coefficients. The 
five variables were scored as follows: age ≥60 years, 3 
points; BMI <22 kg/m2, 3 points; lower back pain, 1 point; 
height loss, 1 point; and menopause, 1 point (Table 3). 
Discriminant analysis revealed that a higher total score led 

to a higher expectation of YAM <80% with “close exami-
nation required,” with an area under the receiver operat-
ing characteristic curve of 0.738 (95% confidence interval, 

Table 1. Participants’ characteristics (n=198)

Characteristic Value

Age (yr)      59±10.3

Body weight (kg) 53.6±8.5

Height (cm) 155.4±5.3

Body mass index (kg/m2) 22.2±3.3

BMD YAM (%)   86.5±14.8

BMD YAM <80% 32.3

BMD YAM <70% 14.1

History of a fracture 28.3

Low back pain 45.5

Height loss 40.9

Kyphosis 22.2

History of a fragility fracture   7.1

Family history of the vertebral or the hip fracture 19.7

Menopause 73.2

Values are presented as mean±standard deviation or %.
BMD, bone mineral density; YAM, young adult mean.

Table 2. Discriminant analysis data (weight coefficient)

Variable Weight coefficient

Age >60 yr 0.453

Body mass index <22 kg/m2 0.555

History of a fracture 0.088

Low back pain 0.163

Height loss 0.141

Kyphosis 0.088

History of a fragility fracture 0.009

Family history of the vertebral or the hip fracture 0.017

Menopause 0.272

Table 3. Scoring system according to the weight coefficient of each variable

Variable Score

Age >60 yr 3

Body mass index <22 kg/m2 3

Low back pain 1

Height loss 1

Menopause 1

A higher total score led to a higher expectation of young adult mean <80%.
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Fig. 1. The receiver operating characteristic curve for the developmental cohort. 
The area under the curve was 0.738 (95% confidence interval, 0.669–0.807). 
The straight line represents the diagonal reference line.
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0.669–0.807) (Fig. 1). A distribution map of the scoring 
system is shown in Fig. 2. At cutoff scores of ≥5 and <5, 
the sensitivity was 82.8%, with specificity of 52.0%. For 
YAM ≤70%, at cutoffs of ≥5 and <5, the sensitivity was 
85.7%, with specificity of 54.7%.

Discussion

In this study, self-reported questionnaire results, includ-
ing age ≥60 years, BMI <22 kg/m2, lower back pain, height 
loss, and menopause, provided useful indicators of low 
BMD (i.e., less than 80% of the YAM value). Our findings 
suggest that this tool is highly sensitive, convenient, and 
cost-effective. Of the 81 female participants with scores 
less than 5, only 11 (13.6%) had a YAM <80%, which was 
assessed as “close examination required,” and only 4 (4.9%) 
had a YAM ≤70%, despite the relatively high prevalence of 
low BMD among all of the participants.

We focused particularly on the answers of participants 
based on subjective sensations; the analyses were charac-
teristic in the regard that factors other than age were all 
self-reported. For example, height loss was only based on 
a subjective assessment rather than a clear-cut criterion 
such as actual height loss or rate of height loss. Although 
self-reported height loss is known to be imprecise [8], it 
is generally impossible to know the true precision of data. 
In addition, the questionnaire would probably be dif-

ficult for most participants to answer if precise data were 
needed. The same consideration applies to factors other 
than height loss. In the current study, the scoring system 
may be useful for analyses, even considering only subjec-
tive assessments. Therefore, it could help many women of 
varied backgrounds to self-assess the risk of loss of BMD.

In the current tool, advanced age, low BMI, lower back 
pain, height loss, and menopause were all associated with 
low BMD. Among these factors, lower back pain was the 
only subjective osteoporotic symptom reported by the 
patients. Lower back pain is typically reported for osteo-
porotic vertebral fractures as well as other conditions; for 
example, patients with osteoporosis occasionally report 
lower back pain, even if there is no evidence of fracture. 
Approximately one in 10 patients with osteoporosis 
without a vertebral fracture are reported to have lower 
back pain [9]. Bone resorption by activated osteoclasts 
is thought to lead to such pain [10]. A previous study re-
ported that those with osteoporosis were approximately 
2.5 times more likely to experience lower back pain 
from any causes than patients without osteoporosis [11]; 
therefore, lower back pain could serve as an indicator of 
low BMD in this study. Height loss was also included in 
the scoring system. It is caused by osteoporotic vertebral 
fractures [8,12,13]. In addition, menopause and advanced 
age disrupt bone metabolism [14]. Similarly, low BMI 
disrupts bone metabolism due to decreased fat mass, 
which contributes to increased bone metabolism via adi-
pocytes [15,16]. Menopause, advanced age, and low BMI 
are widely known to affect BMD and increase the risk of 
osteoporosis [17,18]. As mentioned above, all five factors 
(advanced age, low BMI, lower back pain, height loss, and 
menopause) were suitable indicators for our tool.

A history of fragility fracture was not included in this 
tool, although it is one of the JSBMR’s diagnostic criteria 
for osteoporosis [6], and is adopted in previously estab-
lished risk tools [4]. Only 14 (7.1%) of the participants 
had experienced a fragility fracture in our cohort, which 
was markedly reduced compared with the number of par-
ticipants with a history of fracture (n=56). It is possible 
that the participants’ recognition of a fragility fracture was 
not accurate due to it being self-assessed. Fragility frac-
tures may not be suitable indicators for simple tools based 
on self-reported questionnaires such as ours, although 
it may be possible to collect more accurate information 
about them.

Our findings suggest that the current tool could be use-

Fig. 2. A distribution map of the scoring system. The total scores of the partici-
pants with young adult mean (YAM) ≥80% and YAM <80% are plotted. A total 
score of less than 5 rarely leads to a YAM<80%.
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ful not only for postmenopausal but also for perimeno-
pausal women. With regard to bone metabolism in wom-
en, estrogen obstructs osteoclast activity. However, during 
the perimenopausal transition, ovarian estrogen produc-
tion is decreased and osteoclasts are activated, which leads 
to loss of bone mass [19]. Among perimenopausal women 
aged 42–52 years, approximately 40% have osteopenia and 
10% have osteoporosis [20]. Therefore, perimenopausal 
women also need to take measures to prevent the loss of 
bone mass. Although the majority of published tools for 
assessing the risk of osteoporosis are designed for post-
menopausal women, perimenopausal women should be 
included.

In the current study, the target BMD was 80% of the 
YAM, which was a higher threshold than that of published 
risk assessment tools. Identifying patients with a YAM 
<80% might inform interventions, including treatment 
and/or close examinations in the early stage of bone loss. 
For patients whose BMD is lower than normal, treat-
ment should ideally be initiated before BMD falls into the 
range of osteoporosis, especially considering that most 
of the structural loss of the bone microarchitecture is not 
recovered despite treatment [3]. A randomized controlled 
trial has shown that fragility fractures were significantly 
reduced in women with osteopenia who had received 
zoledronate [21]. According to the National Osteoporosis 
Foundation guidelines published in 2014, women with 
osteopenia and a high risk of hip fracture should be treated 
with medication [22]. The current tool improves the iden-
tification of patients at an early stage compared with other 
published tools. In addition, owing to the high thresholds, 
osteoporosis might rarely be missed. Therefore, we believe 
that predicting YAM <80% should be clinically meaning-
ful.

In spinal surgery with instrumentation, osteoporosis 
was reported to be a risk factor for pedicle screw loosen-
ing and postoperative vertebral fractures [23-26]. Rec-
ognizing low BMD enables not only the enhancement 
of bone strength by medical treatment before surgery, 
but also the implementation of measures to increase the 
pullout strength of pedicle screws during surgery, for ex-
ample, by using bone cement [27]. Therefore, predicting 
and detecting low BMD is essential for patients with spine 
disease being considered for surgery. However, to apply 
the current preliminary tool to patients with spine disease, 
further investigation is needed.

There are some limitations to this study. First, as men-

tioned above, the data may be inaccurate because they 
are self-reported, which involves potential sources of 
bias. However, a self-reported questionnaire is an efficient 
method to collect data from many people quickly and 
at low cost. In addition, the bias might not be an issue 
because the objective of this study was to have the partici-
pants assess the risk of low BMD. Our tool showed good 
performance for identifying women at risk of low BMD. 
Second, the current preliminary scoring system was based 
on retrospective analyses, and the sample only included 
women who presented to our hospital, so they may have 
been particularly health-conscious. These women may 
thus differ from those in the general population. Further 
prospective studies with a larger cohort are required to 
assess the validity of the current study. Finally, we did not 
evaluate participants’ medical histories related to bone 
metabolism, such as diabetes or the use of steroids. Pa-
tients with such factors should be examined individually.

Conclusions

Our scoring tool using a self-reported questionnaire that 
included items such as age, BMI, lower back pain, height 
loss, and menopause performed well for predicting YAM 
<80% among perimenopausal and postmenopausal wom-
en in Japan. This tool may also aid in providing earlier in-
tervention in women with low BMD before they develop 
osteoporosis. This tool can be a potential convenient and 
cost-effective screening method for low BMD. Further 
large-scale research is necessary in future.
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