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Strengths and limitations of this study

►► This study conducted a longitudinal follow-up eval-
uation of the risk of spine fracture in patients with 
mood disorder.

►► The present study contributed to previous find-
ings by using control group participants who were 
matched for osteoporosis and demographic factors, 
such as age, sex, income and region of residence, 
and adjusting for numerous comorbidities.

►► In addition, subgroup analyses were conducted to 
examine the risk of spine fracture in patients with 
mood disorder according to the presence of osteo-
porosis, age and sex.

►► Although International Classification of Diseases 
10th Revision codes are based on a diagnosis made 
by a physician, they lack information on the severity 
of disease and treatment history.

►► Although the number of variables was considered, 
there were potential confounding effects due to un-
considered variables.

Abstract
Objective  To evaluate the risk of spine fracture in patients 
with mood disorder using a nationwide cohort.
Design  A longitudinal follow-up study.
Setting  Claims data for the population ≥20 years of age 
were collected from 2002 to 2013 for the Korean National 
Health Insurance Service-National Sample Cohort.
Participants  A total of 60 140 individuals with mood 
disorder were matched with 240 560 individuals (control 
group) for age, sex, income, region of residence and 
osteoporosis.
Interventions  In both the mood disorder and control 
groups, the history of spine fracture was evaluated. The 
International Classification of Diseases 10th Revision 
codes for mood disorder (F31–F39) and spine fracture 
(S220 and S320) were included.
Primary and secondary outcome measures  The 
univariable and multivariable HRs and 95% CIs of spine 
fracture for patients with mood disorder were analysed 
using a stratified Cox proportional hazards model. 
Subgroup analyses were conducted according to the 
history of osteoporosis, age and sex.
Results  Approximately 3.3% (2011/60 140) of patients 
in the mood disorder group and 2.8% (6795/240 560) 
of individuals in the control group had spine fracture 
(p<0.001). The mood disorder group demonstrated a 
higher adjusted HR for spine fracture than the control 
group (multivariable HR=1.10, 95% CI 1.04 to 1.15, 
p<0.001). The participants without osteoporosis showed 
a higher HR of mood disorder for spine fracture than the 
control participants (multivariable HR=1.25, 95% CI 1.14 to 
1.37, p<0.001). According to age and sex, this result was 
consistent in subgroups of women aged 20–39 and 40–59 
years and men aged ≥60 years.
Conclusion  The risk of spine fracture was increased in 
patients with mood disorder. The potential risk of spine 
fracture needs to be evaluated when managing patients 
with mood disorder.

Introduction
Spine fracture is the most common sign of 
osteoporosis and predicts the risk of subse-
quent fractures.1 The incidence of spine 

fracture is heterogeneous according to how 
it is defined and patient ethnicity.2 In the 
USA, approximately 707 per 100 000 men 
and 1083 per 100 000 women suffer from 
spine fracture. Korean individuals have a 
high incidence of spine fracture, which 
affects approximately 544 per 100 000 men 
and 1575 per 100 000 women.3 The incidence 
of spine fracture is increasing due to ageing 
of the population.2 However, spine fracture 
is often underdiagnosed and undertreated. 
It has been estimated that approximately 
two-thirds to three-quarters of spine frac-
tures are asymptomatic.4 Only one-quarter 
to one-third of spine fractures are clinically 
recognised. Because spine fracture signifi-
cantly worsens patient mortality and quality 
of life, the risk assessment and early detection 
of spine fractures are crucial.5 In addition to 
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osteoporosis and ageing, several comorbidities, including 
diabetes,6 hypertension,7 dyslipidaemia8 and ischaemic 
heart disease,9 have been proposed to be associated with 
fractures. Moreover, physical disabilities and susceptibility 
to falls increase the susceptibility to spine fractures.10

Depression is a prevalent disorder that affects approx-
imately 2%–15% of the general population.11 Multiple 
factors, including both genetic and environmental 
factors, are related to depression.12 Thus, several medical 
disorders, such as osteoporosis and neurodegenerative 
disorders, have been suggested to be associated with 
depressive disorders.13 14 In accordance with this finding, 
several previous studies have reported an increased risk 
of osteoporotic fracture in depressed patients.15 16 High 
risks of osteoporosis and falls may mediate the increased 
risk of fracture in depressed patients.16 17 Moreover, acci-
dental traumatic fractures may influence the relation-
ship between depression and fractures. However, spine 
fracture is associated with a lesser degree of trauma 
than other osteoporotic fractures; thus, acute traumatic 
fractures may contribute less to the incidence of spine 
fracture than other fracture types. Thus, the association 
between depression and spine fracture may be different 
from its association with other types of fractures. A prior 
study demonstrated the association of osteoporotic thora-
columbar fracture with depression in postmenopausal 
women.17 Only a few previous studies have proposed 
a high risk of spine fracture in patients with depressive 
disorder.18 However, comorbid conditions were not suffi-
ciently matched between the study and control groups. 
Because both mood disorders, including depression, and 
spine fracture are associated with several medical disor-
ders, these possible confounders must be addressed to 
estimate the risk of spine fracture in patients with mood 
disorder.

We hypothesised that mood disorder may increase the 
risk of new-onset spine fractures independent of other 
comorbid conditions. To investigate the risk of spine frac-
ture in patients with mood disorder according to age and 
sex, subgroup analyses were performed in this study. Few 
prior studies have evaluated the differential risk of spine 
fracture in patients with mood disorder according to the 
population characteristics of age and sex.

Materials and methods
Patient and public involvement
This study did not involve patients. This national cohort 
study relied on data from the Korean Health Insurance 
Review and Assessment Service-National Sample Cohort. 
These data were described in detail in our previous 
studies.19 20 The Korean National Health Insurance 
Service (NHIS) selects samples directly from the entire 
population database to prevent non-sampling errors. 
Approximately 2% of the samples (1 million) were 
selected from the entire Korean population (50 million). 
This study was not based on the survey or interventions. 

Instead, the registered health claim codes were used to 
investigate medical histories.

Participant selection
Of a total of 1 125 691 patients with 114 369 638 medical 
claim codes, we included participants who were diag-
nosed with mood disorder. Mood disorder was defined 
using International Classification of Diseases 10th Revi-
sion (ICD-10) codes F31 (bipolar affective disorder) 
through F39 (unspecified mood disorder) as diagnosed 
by a psychiatrist between 2002 and 2013. Among patients 
with these ICD-10 codes, we selected the participants who 
were treated ≥2 times (n=68 019).

Spine fracture was defined as a fracture of a thoracic 
vertebra (ICD-10 code: S220) or a lumbar vertebra (S320) 
between 2002 and 2013 (n=23 026). As in previous studies, 
fractures of cervical vertebrae were excluded due to the 
rare incidence of these fractures.21

Mood disorder participants were matched 1:4 with 
participants (control group) who were never diagnosed 
with mood disorder between 2002 and 2013 among 
this cohort. The control group was selected from the 
mother population (n=1 091 119). The participants were 
matched for age group, sex, income group, region of 
residence and history of osteoporosis. To prevent selec-
tion bias when choosing the matched participants, the 
control group participants were sorted using random 
numbers, and selection began sequentially from the top 
of the list. We set the index data as the date of the diag-
nosis of mood disorder. It was assumed that each matched 
control participant was involved at the same time as each 
matched mood disorder participant (index date). There-
fore, participants in the control group who died before 
the index date were excluded. We excluded participants 
who were diagnosed with malignant neoplasms of the 
bone and articular cartilage (n=32). In both the mood 
disorder and control groups, participants with a history 
of spine fracture before the index date were excluded. 
In the mood disorder group, 1356 participants were 
excluded. Patients with mood disorder for whom we could 
not identify enough matching participants were excluded 
(n=12). We excluded patients younger than 20 years old 
(n=6479). Finally, 1:4 matching resulted in the inclusion 
of 60 140 mood disorder participants and 240 560 control 
participants (figure 1).

Variables
The age groups were classified using 5-year intervals: 
20–24, 25–29, 30–34… and 85+ years old. A total of 14 
age groups were designated. The income groups were 
initially divided into 41 classes (1 health aid class, 20 self-
employment health insurance classes and 20 employment 
health insurance classes). These groups were recatego-
rised into five classes (class 1 (lowest income) to class 5 
(highest income)). The health insurance population 
was grouped according to 10 deciles. This recategorisa-
tion was performed by the National Institute of Health 
Science to deidentify the participants. Participants’ 
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Figure 1  Schematic illustration of the participant selection 
process that was used in the present study. Of a total 
of 1 125 691 participants, 60 140 patients with mood 
disorder were matched with 240 560 control participants 
by age, group, sex, income group, region of residence and 
osteoporosis.

regions of residence were divided into 16 areas according 
to administrative districts. These regions were regrouped 
into urban (Seoul, Busan, Daegu, Incheon, Gwangju, 
Daejeon and Ulsan) and rural (Gyeonggi, Gangwon, 
Chungcheongbuk, Chungcheongnam, Jeollabuk, Jeol-
lanam, Gyeongsangbuk, Gyeongsangnam and Jeju) areas.

Participants diagnosed with osteoporosis between 2002 
and 2013 were diagnosed according to the following 
ICD-10 codes: M80 (osteoporosis with pathological frac-
ture), M81 (osteoporosis without pathological fracture) 
and M82 (osteoporosis associated with diseases classified 
elsewhere). Among the identified patients with osteo-
porosis, we selected those who were treated ≥2 times or 
who were diagnosed with osteoporosis by bone density 
testing using X-rays or CT (claim code: E7001–E7004, 
HC341–HC345) between 2002 and 2013. Alzheimer’s 
dementia was defined if the participants were diagnosed 
with Alzheimer’s disease (G30) or dementia in Alzhei-
mer’s disease (F00). For the accuracy of diagnosis, we 
selected only participants treated ≥2 times. The Charlson 
Comorbidity Index (CCI) was used for 17 comorbidities 
as the continuous variable (0 (no comorbidity) through 
29 (multiple comorbidities)).22

Statistical analyses
The χ2 test was used to compare the rate of general char-
acteristics between participants in the mood disorder and 
control groups.

To analyse the HR of mood disorder on spine fracture, 
a stratified Cox proportional hazards model was used. 
In this analysis, univariable (simple) and multivariable 
(Alzheimer’s dementia and CCI scores) models were 
used. In these analyses, age, sex, income, region of resi-
dence and history of osteoporosis were stratified. Kaplan-
Meier analysis and the log-rank test were used.

For the subgroup analysis, we divided the participants 
by age (20–39, 40–59 and 60+ years old) and sex (male 
and female) to confirm that these relations were reliable 
according to age and sex, because both spine fracture 
and mood disorder are influenced by age and sex. The 
age and sex subgroups were divided into tertiles. Addi-
tionally, we divided the participants according to their 
history of osteoporosis to confirm that these associations 
were consistent with/without osteoporosis.

Two-tailed analyses were conducted, and p values less 
than 0.05 were considered to indicate significance. The 
results were statistically analysed using SPSS V.21.0 (IBM).

Results
Approximately 3.3% (2011/60 140) and 2.5% (6795/240 
560) of participants in the mood disorder and control 
groups, respectively, had spine fractures (p<0.001) 
(table 1). Age, sex, income, region of residence and oste-
oporosis were matched between the mood disorder and 
control groups. The CCI score and Alzheimer’s dementia 
were different between the mood disorder and control 
groups (each p<0.001).

The multivariable HR for spine fracture was 1.10 times 
higher in the mood disorder group than in the control 
group (95% CI 1.04 to 1.15, p<0.001) (table  2 and 
figure 2).

In the subgroup analysis according to the presence of 
osteoporosis, participants without osteoporosis demon-
strated a higher HR of mood disorder for spine frac-
ture than participants with osteoporosis (multivariable 
HR=1.25, 95% CI 1.14 to 1.37, p<0.001).

According to age and sex, the subgroup of young 
women, but not the subgroup of young men, demon-
strated a higher adjusted HR than the control group 
(adjusted HR=1.47, 95% CI 1.06 to 2.03, p=0.021) 
(table 3). The subgroup of middle-aged women, but not 
the subgroup of middle-aged men, had a higher adjusted 
HR than the control group (multivariable HR=1.14, 
95% CI 1.00 to 1.30, p=0.049). The elderly men, but not 
the elderly women, demonstrated a higher adjusted HR 
than the control group (multivariable HR=1.27, 95% CI 
1.10 to 1.47, p<0.001).

Discussion
The risk of spine fracture was 1.10 times higher in the mood 
disorder group than in the control group in the present 
study. In the mood disorder group, the participants without 
osteoporosis demonstrated a 1.25 times higher risk of spine 
fracture than the participants with osteoporosis. According 
to age and sex, women 20–39 and 40–59 years old and men 
≥60 years old in the mood disorder group demonstrated 
a high risk of spine fracture. Only a few previous studies 
have reported an increased risk of spine fracture in patients 
with mood disorder. The present study contributed to 
previous findings by using control group participants who 
were matched for osteoporosis and demographic factors, 
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Table 1  General characteristics of the participants

Characteristic

Total participants

Mood disorder, 
n (%) Control, n (%) P value

Age (years) 1.000

 � 20–24 3880 (6.5) 15 520 (6.5)

 � 25–29 4595 (7.6) 18 380 (7.6)

 � 30–34 5269 (8.8) 21 076 (8.8)

 � 35–39 5799 (9.6) 23 196 (9.6)

 � 40–44 6160 (10.2) 24 640 (10.2)

 � 45–49 6443 (10.7) 25 772 (10.7)

 � 50–54 6147 (10.2) 24 588 (10.2)

 � 55–59 4995 (8.3) 19 980 (8.3)

 � 60–64 4628 (7.7) 18 512 (7.7)

 � 65–69 4419 (7.3) 17 676 (7.3)

 � 70–74 3677 (6.1) 14 708 (6.1)

 � 75–79 2298 (3.8) 9192 (3.8)

 � 80–84 1217 (2.0) 4868 (2.0)

 � 85+ 613 (1.0) 2452 (1.0) 1.000

Sex

 � Male 20 601 (34.3) 82 404 (34.3)

 � Female 39 539 (65.7) 158 156 (65.7)

Income 1.000

 � 1 (lowest) 9421 (15.7) 37 684 (15.7)

 � 2 8922 (14.8) 35 688 (14.8)

 � 3 10 379 (17.3) 41 516 (17.3)

 � 4 12 933 (21.5) 51 732 (21.5)

 � 5 (highest) 18 485 (30.7) 73 940 (30.7)

Region of residence 1.000

 � Urban 27 608 (45.9) 110 432 (45.9)

 � Rural 32 532 (54.1) 130 128 (54.1)

Osteoporosis 13 412 (22.3) 53 648 (22.3) 1.000

CCI score* <0.001†

 � 0 17 995 (29.9) 108 159 (45.0)

 � 1 5767 (9.6) 26 552 (11.0)

 � ≥2 36 378 (60.5) 105 849 (44.0)

Alzheimer’s 
dementia

5364 (8.9) 8665 (3.6) <0.001†

Spine fracture 2011 (3.3) 6795 (2.8) <0.001†

*The Charlson Comorbidity Index was calculated.
†χ2 test; significance at p<0.05.

such as age, sex, income and region of residence. In addi-
tion, the subgroup analysis demonstrated an increased risk 
of spine fracture in patients with mood disorder without 
osteoporosis.

Similar to our results, the results of previous studies have 
demonstrated a high risk of spine fracture in depressed 
patients. The incidence of vertebral fracture was 1.41 
times higher in depressed patients than in control group 

participants in a population cohort study (95% CI 1.26 
to 1.57, p<0.001).18 However, in the same study, the inci-
dence of a medical history of another disease was higher 
in depressed patients than in the controls. Although 
the authors adjusted for participants’ medical histories, 
these medical histories could confound the impact of 
depression on vertebral fracture. Another longitudinal 
follow-up study reported a higher incidence of thoraco-
lumbar fractures in depressed participants than in control 
group participants (35.4% vs 25.1%, p<0.05).17 However, 
the study population was restricted to postmenopausal 
women. On the other hand, this study presented the risk 
of spine fracture in patients with mood disorder in an 
adult population compared with that in control group 
participants who were matched and adjusted for their 
medical histories.

Decreased bone mineral density in patients with mood 
disorder may increase the risk of osteoporotic fractures, 
including spine fractures.23–25 Several aspects of humoral 
and behavioural changes in depressed patients may influ-
ence the occurrence of spine fracture. A dysregulated 
endocrine system, such as the hypothalamic-pituitary 
axis, in depressed patients may accelerate osteoporotic 
bone metabolism.26 Depressed patients have high cortisol 
levels due to abnormal activation of the hypothalamic-
pituitary axis. High cortisol is known to decrease bone 
mineral density.26 In terms of behavioural aspects, the 
physical inactivity of depressed patients might reduce 
bone mineral density.27 A case–control study reported 
that physical activity was correlated with osteoresorption 
markers in premenopausal women with unipolar depres-
sion.27 Moreover, antidepressant medication may also 
lead to decreased bone mineral density.28 29 A population-
based, cross-sectional study demonstrated that bone 
mineral density was 6.1% lower in selective serotonin 
reuptake inhibitor users than in non-users (p=0.016).28 
An animal study demonstrated that osteoblast differen-
tiation and mineralisation were inhibited by fluoxetine, 
thereby resulting in delayed bone regeneration.30

In the subgroup analysis according to the presence of 
osteoporosis, the participants in the mood disorder group 
without osteoporosis demonstrated a higher risk of spine 
fracture than those with osteoporosis in this study. This 
implies that there might be other contributing factors 
in addition to osteoporosis for the association between 
mood disorder and the risk of spine fracture. Impaired 
balance function in depressed patients may also increase 
the risk of spine fracture. Depressive symptoms have been 
shown to worsen balance function, as measured using 
postural sway tests in elderly patients.31 Impaired balance 
and executive functions in depressed patients have been 
demonstrated in several studies.31 32 Reduced executive 
function was demonstrated in depressed patients in a 
functional MRI study, which showed altered frontolimbic 
brain cortico-subcortical connectivity in these patients.32 
In addition, the brain areas related to balance function, 
such as the basal ganglia and limbic circuits, are impaired 
in depressed patients.31 In addition to impaired balance 
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Table 2  Crude and adjusted HR (95% CI) of mood disorder for spine fracture

Characteristic

HR (95% CI)

Crude* P value Adjusted*† P value

Total (n=300 700)

 � Mood disorder 1.23 (1.17 to 1.29) <0.001‡ 1.10 (1.04 to 1.15) <0.001‡

 � Control 1.00 1.00

Participants with osteoporosis (n=67 060)

 � Mood disorder 1.15 (1.08 to 1.22) <0.001‡ 1.04 (0.98 to 1.10) 0.220

 � Control 1.00 1.00

Participants without osteoporosis (n=233 640)

 � Mood disorder 1.45 (1.32 to 1.59) <0.001‡ 1.25 (1.14 to 1.37) <0.001‡

 � Control 1.00 1.00

*Stratified the model for age, income, region of residence and osteoporosis.
†Adjusted the model for the Charlson Comorbidity Index and history of Alzheimer’s dementia.
‡Cox proportional hazards regression model; significance at p<0.05.

Figure 2  Kaplan-Meier curve of spine fracture for depression. This was explained as a survival function curve.

function, depression may increase the risk of falls, espe-
cially in the elderly population.33 34 Last, an unhealthy 
lifestyle in depressed patients may increase the risk of 
spine fracture or aggravate comorbid physical conditions, 
such as metabolic diseases, stroke and cardiovascular 
disorders.35

In the subgroup analyses according to sex, female 
patients with mood disorder aged 20–39 and 40–59 years 
demonstrated a high risk of spine fracture in this study. 
This can be explained by the high incidence of both 
mood disorder and osteoporosis in women compared 
with men.33 In addition, the high risk of falls in female 
patients with mood disorder may mediate the increased 

risk of spine fracture. A previous study reported that the 
risk of falls in depressed patients was higher in women 
than in men.33 Moreover, spine fractures are caused by 
relatively low-trauma injuries compared with other oste-
oporotic fractures. Thus, women may be more affected 
by spine fractures than men.36 In men, high-trauma frac-
tures, such as hip fractures, are 3.12 times more frequent 
than those in women (95% CI 1.70 to 5.71).37 Among 
participants in the mood disorder group, in the old age 
group, the men subgroup showed an increased risk of 
spine fracture in this study. In the old age group, the rates 
of mood disorder and osteoporosis were increased in 
both the men and women subgroups. Thus, the effects of 
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Table 3  Subgroup analysis of the crude and adjusted HR (95% CI) of mood disorder for spine fracture according to age and 
sex

Characteristic

HR (95% CI)

Crude* P value Adjusted*† P value

Young men (20–39 years old, n=33 515)

 � Mood disorder 1.69 (1.11 to 2.57) 0.014‡ 1.30 (0.84 to 2.01) 0.236

 � Control 1.00 1.00

Young women (20–39 years old, n=64 200)

 � Mood disorder 1.77 (1.29 to 2.43) <0.001‡ 1.47 (1.06 to 2.03) 0.021‡

 � Control 1.00 1.00

Middle-aged men (40–59 years old, n=40 305)

 � Mood disorder 1.33 (1.07 to 1.67) 0.012‡ 1.16 (0.92 to 1.46) 0.202

 � Control 1.00 1.00

Middle-aged women (40–59 years old, n=78 420)

 � Mood disorder 1.31 (1.16 to 1.49) <0.001‡ 1.14 (1.00 to 1.30) 0.049‡

 � Control 1.00 1.00

Old men (60+ years old, n=29 185)

 � Mood disorder 1.43 (1.24 to 1.64) <0.001‡ 1.27 (1.10 to 1.47) 0.001‡

 � Control 1.00 1.00

Old women (60+ years old, n=55 075)

 � Mood disorder 1.14 (1.07 to 1.22) <0.001 1.03 (0.96 to 1.10) 0.402

 � Control 1.00 1.00

*Stratified the model for age, income, region of residence and osteoporosis.
†Adjusted the model for the Charlson Comorbidity Index and history of Alzheimer’s dementia.
‡Cox proportional hazards regression model; significance at p<0.05.

mood disorder and osteoporosis on spine fracture might 
be increased in older men.

There are several merits of this study. The present study 
was based on a nationwide representative population that 
was verified in a prior study.38 The NHIS data include all 
Korean citizens without exception. The control group was 
matched for age, sex, income, region of residence and 
osteoporosis. Because socioeconomic factors can influ-
ence the availability of medical care, income and region 
of residence were matched between participants in the 
mood disorder and control groups. Moreover, random 
sampling was performed to minimise selection bias in 
the control group. Although Alzheimer’s dementia is 
one of the related factors for both spine fracture and 
mood disorder, it was not matched in this study because 
strict matching increased the rate of participant dropout 
due to a lack of control participants. To attenuate the 
confounding effects of Alzheimer’s dementia and other 
medical histories, Alzheimer’s dementia and the CCI 
were adjusted for in this study.

On the other hand, a few weaknesses should be consid-
ered when interpreting the current results. The ICD-10 
codes for mood disorder and spine fracture were used for 
this study. Although ICD-10 codes are based on a diagnosis 
made by a physician, they lack information on the severity 
of disease and treatment history. Because approximately 

12.9% of patients with radiographically detected spine 
fractures underwent medical treatment, an underdiag-
nosis of vertebral fracture may have led to an underes-
timation of the risk of vertebral fracture in patients with 
mood disorder in the present study.39 Similarly, patients 
with mood disorder or osteoporosis who were not diag-
nosed or treated might have been missed in this study. To 
minimise selection bias due to medical accessibility, the 
present study matched the mood disorder and control 
groups for the socioeconomic factors income and region 
of residence. In addition, medications used to treat mood 
disorder and spine fractures may have influenced the 
impact of mood disorder on the incidence of spine frac-
tures. Antidepressant medication is known to increase 
the risk of fracture (OR=1.66, 95% CI 1.42 to 1.95).40 
Although demographic and socioeconomic factors were 
matched between the mood disorder and control groups, 
those in the mood disorder group were more clinically 
severe than those in the control group, with a higher 
rate of Alzheimer’s disease and a higher CCI. To mini-
mise the confounding effects of these morbidities, Alzhei-
mer’s disease and the CCI were adjusted. Finally, other 
comorbid conditions, including alcohol use, smoking and 
obesity, were not evaluated in this study. These lifestyle 
factors may impact the risk of fracture via an increased 
risk of cardiovascular disease. In addition, smoking was 
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reported to increase the risk of spine fracture 2.50 times 
(95% CI 1.58 to 3.95), which was probably due to the 
decreased trabecular bone turnover rate.41 Future studies 
are warranted to evaluate the influence of these factors.

Conclusion
The risk of spine fracture was increased in adult patients 
with mood disorder. In the mood disorder group, partic-
ipants without osteoporosis showed an increased risk of 
spine fracture. According to age and sex, women aged 
20–39 and 40–59 years and men aged ≥60 years with 
mood disorder demonstrated a higher risk of spine frac-
ture than participants in the control group.
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