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ia after distal
radius, hip, and spine fractures
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Abstract
This study aimed to evaluate the risk of dementia after distal radius, hip, and spine fractures.
Data from the Korean National Health Insurance Service-National Sample Cohort were collected for the population≥ 60 years of age

from 2002 to 2013. A total of 10,387 individuals with dementia were matched for age, sex, income, region of residence, and history of
hypertension, diabetes, and dyslipidemia with 41,548 individuals comprising the control group. Previous histories of distal radius, hip,
and spine fractures were evaluated in both the dementia and control groups. Using ICD-10 codes, dementia (G30 and F00) and distal
radius (S525), hip (S720, S721, andS722), and spine (S220 andS320) fractureswere investigated. The crude and adjusted odds ratios
(ORs) and 95% confidence intervals (CIs) of dementia in distal radius, hip, and spine fracture patients were analyzed using conditional
logistic regression analyses. Subgroup analyses were conducted according to age, sex and region of residence.
The adjusted ORs for dementia were higher in the distal radius, hip, and spine fracture group than in the non-fracture group

(adjusted OR=1.23, 95% CI=1.10 –1.37, P< .001 for distal radius fracture; adjusted OR=1.64, 95% CI=1.48 – 1.83, P< .001 for
hip fracture; adjusted OR=1.31, 95% CI=1.22 – 1.41, P< .001 for spine fracture). The results in subgroup analyses according to
age, sex and region of residence were consistent.
Distal radius, hip, and spine fractures increase the risk of dementia.

Abbreviations: CIs = confidence intervals, HIRA = health insurance review & assessment, NHIS-NSC = Korean National Health
Insurance Service-National Sample Cohort, ORs = odds ratios.
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1. Introduction

Osteoporotic or fragility fractures are defined as any fractures
that result from low trauma, such as falls.[1] Fragility fractures
commonly involve the distal radius, hip, and spine.[2] These
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fractures are prevalent in the elderly and account for considerable
socioeconomic burdens. The prevalence of fragility fractures is
20.5% in women ≥65 years old in the United States (US),[3] and
the annual incidence of distal radius fracture for men aged ≥65 is
approximately 160 per 100,000 persons in the US.[4] In Korea,
the annual incidence of distal radius fractures is 246 to 278 per
100,000 persons[5] and of hip fractures is approximately 1500 in
women and 5000 in men.[6] The incidence of spine fracture in
Korea is estimated to be 526 to 544 per 100,000 persons in men
and 1.58 to 1.60 per 100,000 persons in women; these values are
higher than the worldwide incidence, which ranged from 48 to
1083 per 100,000 persons.[7] Moreover, there has been an
increase in fragility fractures in recent years because of the aging
population, urban lifestyle, and osteoporosis.[8,9] In addition to
osteoporosis, several risk factors for such fractures have been
reported, including balance function, physical activity, and
general health status.[10]

Dementia has been suggested to be related to fragility fractures.
Indeed, several previous studies have demonstrated an increased
risk of hip fractures in dementia patients.[11–14] However, the
association between dementia and other types of fractures, such
as distal radius and spine fractures, has rarely been considered in
previous studies. Furthermore, only a few studies have evaluated
the risk of dementia after fractures.[15] In one population-based
study, an increased risk of dementia in patients with previous
histories of fracture was reported,[15] with a hazard ratio of 1.38
for dementia in a fracture group compared with a nonfracture
group (95% CI=1.32–1.45). However, that study included a
population ≥ 20 years old and did not differentiate vascular
dementia or specify the types of fractures. Additionally, possible
confounders of age, sex, region of residence, and past medical
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histories were not matched between the fracture and nonfracture
groups in the previous study.
The running hypothesis of the present study was that fracture

may increase the risk of neurodegenerative dementia in the
elderly population. Because the incidence of dementia is rare and
often related to vascular causes in young adults, the present study
excluded this population and included those ≥ 60 years old. The
dementia and control groups were matched and adjusted for
demographic factors and past medical histories. Moreover, the
types of fractures were specified and analyzed for their
relationship to dementia.

2. Patients and methods

2.1. Study population and data collection

The ethics committee of Hallym University (2017-I102)
approved the use of these data. The requirement for written
informed consent was waived by the institutional review board.
All methods were performed in accordance with the guidelines
and regulations of the ethics committee of Hallym University.
This national cohort study relied on data from the Korean

National Health Insurance Service-National Sample Cohort
(NHIS-NSC). To prevent nonsampling errors, the NHIS selects
samples directly from the entire population database. The details
of the methods used to perform these procedures are provided by
the National Health Insurance Sharing Service [16].

2.2. Participants selection

Of 1,025,340 participants with 114,369,638 medical claim
codes, we included participants who were diagnosed with
dementia (n=13,102). Dementia was defined as a diagnosis of
Figure 1. A schematic illustration of the participant selection process that was us
participants were matched with 41,548 control participants for age, group, sex, inc
and dyslipidemia.
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Alzheimer’s disease (G30) or dementia in Alzheimer’s disease
(F00). For the accuracy of the diagnosis, we only selected
participants who were treated ≥2 times. The description of the
diagnosis of dementia is provided in the supplementary material
(see Supplementary File S1, http://links.lww.com/MD/D719).
The history of fracture was evaluated using ICD-10 codes.

Distal radius fracture was defined as a fracture of the lower end of
the radius (S525). Hip fracture was defined as a fracture of the
head and neck of the femur (S720), a pertrochanteric fracture
(S721), or a subtrochanteric fracture of the femur (S722). Spine
fracture was defined as a fracture of a thoracic vertebra (S220) or
a fracture of a lumbar vertebra (S320).
The dementia participants were matched 1:4 with participants

(control group) who were never diagnosed with dementia from
2002 through 2013 among this cohort. The control group was
selected from the overall population (n=1,012,238). The
matching was processed for age, group, sex, income group,
region of residence, and history of hypertension, diabetes
mellitus, and dyslipidemia. To prevent selection bias when
choosing thematched participants, the control group participants
were sorted using a random number order, and they were then
selected from top to bottom. It was assumed that the matched
control participants were evaluated at the same time as each
matched dementia participant (index date=date of dementia
diagnosis). Therefore, patients in the control group who died
before the index date of the matched dementia participant were
excluded. Dementia participants for whom we could not identify
enough matched participants were excluded (n=1,118). Fur-
thermore, we excluded participants under 60 years old (n=
1,597). Finally, the 1:4 matching resulted in the inclusion of
10,387 dementia participants and 41,548 control participants
(Fig. 1). However, the subjects were not matched for ischemic
ed in the present study. Of a total of 1,025,340 participants, 10,387 dementia
ome group, region of residence, and history of hypertension, diabetes mellitus,
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Table 1

General characteristics of participants.

Total participants

Characteristics Dementia (n, %) Control group (n, %) P value

Age (years old) 1.000
60-64 1,870 (18.0) 7,480 (18.0)
65-69 2,762 (26.6) 11,048 (26.6)
70-74 2,818 (27.1) 11,272 (27.1)
75-79 1,798 (17.3) 7,192 (17.3)
80-84 843 (8.1) 3,372 (8.1)
85+ 296 (2.8) 1,184 (2.8)

Sex 1.000
Male 3,123 (30.1) 12,492 (30.1)
Female 7,264 (69.9) 29,056 (69.9)

Income 1.000
1 (lowest) 911 (8.8) 3,644 (8.8)
2 1,047 (10.1) 4,188 (10.1)
3 524 (5.0) 2,096 (5.0)
4 580 (5.6) 2,320 (5.6)
5 565 (5.4) 2,260 (5.4)
6 604 (5.8) 2,416 (5.8)
7 713 (6.9) 2,852 (6.9)
8 844 (8.1) 3,376 (8.1)
9 1,114 (10.7) 4,456 (10.7)
10 1,518 (14.6) 6,072 (14.6)
11 (highest) 1,967 (18.9) 7,868 (18.9)

Region of residence 1.000
Urban 4,071 (39.2) 16,284 (39.2)
Rural 6,316 (60.8) 25,264 (60.8)

Hypertension 7,647 (73.6) 30,588 (73.6) 1.000
Diabetes Mellitus 3,499 (33.7) 13,996 (33.7) 1.000
Dyslipidemia 2,905 (28.0) 11,620 (28.0) 1.000
Ischemic heart disease 1,550 (14.9) 5,527 (13.3) <.001

∗

Cerebral stroke 4,902 (47.2) 11,008 (26.5) <.001
∗

Depression 2,792 (26.9) 4,024 (9.7) <.001
∗

Kim et al. Medicine (2020) 99:10 www.md-journal.com
heart disease, cerebral stroke, depression, or osteoporosis
because strict matching based on these characteristics increased
the drop-out rate of subjects due to a lack of control participants.

2.3. Variables

The age groups were classified using 5-year intervals: 60–64, 65–
69, 70–74, 75–79, 80–84, and 85+ years old. A total of 6 age
groups were designated. The income groups were initially divided
into 41 classes (one health aid class, 20 self-employment health
insurance classes, and 20 employment health insurance classes).
These groups were recategorized into 11 classes (class 1 [lowest
income]�11 [highest income]). 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, Jeollanam,
Gyeongsangbuk, Gyeongsangnam, and Jeju) areas.
The past medical histories of the participants were evaluated

using ICD-10 codes. For the accuracy of diagnosis, hypertension
(I10 and I15), diabetes (E10-E14), and dyslipidemia (E78) were
reported if the participants were treated ≥ 2 times. Ischemic heart
disease (I24 and I25) and stroke (I60-I66) were reported if the
participants were treated ≥1 time. Depression was defined as the
use of ICD-10 codes F31 (bipolar affective disorder) through F39
(unspecified mood disorder) by a psychiatrist ≥2 times.
Osteoporosis was defined using ICD-10 codesM80 (osteoporosis
with pathological fracture), M81 (osteoporosis without patho-
logical fracture), and M82 (osteoporosis in diseases classified
elsewhere) in participants who were treated ≥2 times or in those
whowere diagnosed based on bone density testing using X-ray or
computed tomography (CT) (Claim codes: E7001-E7004,
HC341-HC345).
Osteoporosis 4,670 (45.0) 16,716 (40.2) <.001
∗

Distal radius fracture 531 (5.1) 1,630 (3.9) <.001
∗

Hip fracture 591 (5.7) 1,327 (3.2) <.001
∗

Spine fracture 1,452 (14.0) 4,168 (10.0) <.001
∗

∗
Chi-square test, Significance at P< .05.
2.4. Statistical analyses

The chi-square test was employed to compare differences in
general characteristics between the dementia and control groups.
To analyze the odds ratio (OR) of dementia for each fracture

type, a conditional logistic regression model was applied. In this
analysis, crude (simple) and adjusted models were used (ischemic
heart disease, cerebral stroke, depression, osteoporosis, distal
radius fracture, hip fracture, and spine fracture), and 95%
confidence intervals (CI) were calculated. In these analyses, age,
sex, income, region of residence, dementia, hypertension,
diabetes mellitus, and dyslipidemia were stratified.
For subgroup analysis, we divided the participants by age (<70

years old and≥70 years old), sex (male and female), and region of
residence (urban and rural).
Two-tailed analyses were conducted, and P values less than .05

were considered to indicate significance. Bonferroni correction
was used for multiple comparisons. The results were analyzed
using SPSS v. 21.0 (IBM, Armonk, NY).
3. Results

The rates of distal radius, hip, and spine fractures were higher in
the dementia group than in the control group (all P< .001,
Table 1). In the dementia group and the control group, the
incidence of distal radius fracture was 5.1% (531/10,387) and
3.9% (1,630/41,548), respectively; the incidence of hip fracture
was 5.7% (591/10,387) and 3.2% (1,327/41,548), respectively;
3

and the incidence of spine fracture was 14.0% (1,452/10,387)
and 10.0% (4168/41,548), respectively. Age, sex, income levels,
region of residence, and past medical history of hypertension,
diabetes mellitus, and dyslipidemia were matched between the
dementia and control groups. Overall, past medical histories of
ischemic heart disease, cerebral stroke, depression, and osteopo-
rosis were higher in the dementia group than in the control group
(all P< .001).
The ORs of dementia were higher in the distal radius, hip, and

spine fracture group than in the non-fracture group (adjusted
OR=1.23, 95% CI=1.10–1.37, P< .001 for distal radius
fracture; adjusted OR=1.64, 95% CI=1.48–1.83, P< .001
for hip fracture; adjusted OR=1.31, 95% CI=1.22–1.41,
P< .001 for spine fracture) (Table 2).
In the subgroup analysis according to age, the participants ≥70

years old in the dementia group showed a high adjusted OR for
dementia in the distal radius fracture group (Table 3). The
adjusted ORs for dementia were high in both the subgroups of
participants<70 years old and≥ 70 years old in the hip and spine
fracture groups. According to sex, the female subgroup in the
distal radius fracture group demonstrated a high adjusted OR for
dementia (Table 4). The adjusted ORs for dementia were high in
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Table 3

Crude and adjusted odd ratio (95% confidence interval) of distal radius
age.

Characteristics
Age < 70 years old in 2002 year (n=23,160)

Crude† P value Adjusted†,‡

Distal radius fracture .049
∗

Dementia 1.17 (1.00–1.36) 1.07 (0.91–1.26)
Control 1.00 1.00

Hip fracture <.001
∗

Dementia 2.33 (1.92–2.83) 1.95 (1.59–2.40)
Control 1.00 1.00

Spine fracture <.001
∗

Dementia 1.58 (1.42–1.76) 1.43 (1.27–1.60)
Control 1.00 1.00

∗
Odd ratios on conditional logistic regression model, Significance at P< .05 with Bonferroni correction

† Stratified model for age, sex, income, region of residence, hypertension, diabetes mellitus, and dyslip
‡ Adjusted model for ischemic heart disease, cerebral stroke, depression, osteoporosis, distal radius fra

Table 4

Crude and adjusted odd ratio (95% confidence interval) of distal radius
sex.

Men (n=15,615)

Characteristics Crude† P value Adjusted†,‡

Distal radius fracture .506
Dementia 1.11 (0.81–1.53) 0.98 (0.70–1.38)
Control 1.00 1.00

Hip fracture <.001
∗

Dementia 2.26 (1.84–2.80) 2.07 (1.66–2.58)
Control 1.00 1.00

Spine fracture <.001
∗

Dementia 1.47 (1.25–1.74) 1.34 (1.11–1.60)
Control 1.00 1.00

∗
Odd ratios on conditional logistic regression model, Significance at P< .05 with Bonferroni correction

† Stratified model for age, sex, income, region of residence, hypertension, diabetes mellitus, and dyslip
‡ Adjusted model for ischemic heart disease, cerebral stroke, depression, osteoporosis, distal radius fra

Table 2

Crude and adjusted odd ratio (95% confidence interval) of distal
radius/hip/spine fracture for dementia.

Characteristics ORs of fracture

Crude† P value Adjusted†,‡ P value

Distal radius fracture <.001
∗

<.001
∗

Dementia 1.32 (1.20–1.46) 1.23 (1.10–1.37)
Control 1.00 1.00

Hip fracture <.001
∗

<.001
∗

Dementia 1.85 (1.67–2.04) 1.64 (1.48–1.83)
Control 1.00 1.00

Spine fracture <.001
∗

<.001
∗

Dementia 1.47 (1.38–1.57) 1.31 (1.22–1.41)
Control 1.00 1.00

∗
Odd ratios on conditional logistic regression model, Significance at P < .05 with Bonferroni

correction.
† Stratified model for age, sex, income, region of residence, hypertension, diabetes mellitus, and
dyslipidemia.
‡ Adjusted model for ischemic heart disease, cerebral stroke, depression, osteoporosis, distal radius
fracture, hip fracture, and spine fracture.
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both the male and female subgroups in the hip and spine fracture
group. According to region of residence, both urban and rural
subgroups in the distal radius fracture, hip fracture, and spine
fracture groups exhibited a high adjusted OR for dementia
(Supplemental table S1, http://links.lww.com/MD/D719).
4. Discussion

In the present study, the adjusted ORs for dementia were higher
in the distal radius, hip, and spine fracture group than in the
control group, with consistent results in subgroup analyses
according to age and sex. Although several previous studies have
reported an increased risk of fractures in dementia patients, only
a few retrospective studies have evaluated the history of fracture
as a risk factor for dementia.[15] Several plausible factors,
including predisposition to balance problems, inflammatory
responses accompanying fractures, and treatment-related com-
plications, may influence the high risk of dementia in fracture
patients.
Impaired balance function in fracture patients might mediate

the risk of dementia. Previous studies have reported an
/hip/spine fracture for dementia in subgroup analysis according to

ORs of fracture
Age ≥ 70 years old in 2002 year (n=28,775)

P value Crude† P value Adjusted†,‡ P value

.425 <.001
∗

<.001
∗

1.46 (1.28–1.68) 1.36 (1.18–1.56)
1.00 1.00

<.001
∗

<.001
∗

<.001
∗

1.70 (1.51–1.91) 1.54 (1.36–1.74)
1.00 1.00

<.001
∗

<.001
∗

<.001
∗

1.41 (1.30–1.53) 1.24 (1.14–1.36)
1.00 1.00

.
idemia.
cture, hip fracture, and spine fracture.

/hip/spine fracture for dementia in subgroup analysis according to

ORs of fracture

Women (n=36,320)

P value Crude† P value Adjusted†,‡ P value

.907 <.001
∗

<.001
∗

1.35 (1.21–1.50) 1.26 (1.13–1.41)
1.00 1.00

<.001
∗

<.001
∗

<.001
∗

1.74 (1.55–1.95) 1.54 (1.37–1.74)
1.00 1.00

.002
∗

<.001
∗

<.001
∗

1.48 (1.37–1.58) 1.31 (1.21–1.41)
1.00 1.00

.
idemia.
cture, hip fracture, and spine fracture.
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association between vestibular asymmetry and distal radius and
hip fractures.[17–19] In addition to vestibular asymmetry, other
sensory impairments related to balance function, including
proprioceptive controls, were found to be decreased in patients
with distal radius fracture compared with patients in a physical
activity-matched control group.[20] In addition, decreased
balance function has been suggested to be related to demen-
tia.[21–23] Static posturography results are associated with mild
cognitive impairment, as measured using a mini-mental state
examination test, in men ≥60 years old.[21] Additionally, patients
with mild cognitive impairment to mild-to-moderate Alzheimer’s
disease display decreased static postural control abilities
compared with cognitively healthy participants,[22] and a
meta-analysis demonstrated that quantitative gait parameters,
including velocity, stride length, and stride time, are decreased in
patients with mild cognitive impairment.[23] Therefore, impaired
balance function in patients with mild cognitive impairment
might manifest as fragility fractures before the onset of dementia.
Moreover, the inflammatory response and reactive oxidative

stress during the fracture-healing process may increase the risk of
dementia. Several inflammatory factors, including TNF-a and
interleukin-6 (IL-6), are increased following fractures,[24] and a
recent meta-analysis demonstrated that inflammatory markers,
including C-reactive protein and IL-6, are associated with
dementia.[25] In an animal study, erythrocyte levels of reactive
oxygen species (ROS), such as malondialdehyde, were found to
be elevated during the fracture-healing process.[26] These
excessive ROS may cause oxidative brain injury and increase
the risk of dementia.[27] Although no previous study has
described the direct impact of ROS during the fracture-healing
process on neuroinflammation and dementia, two prospective
cohort studies reported the simultaneous elevation of inflamma-
tory markers in both the cerebrospinal fluid and peripheral blood
following fracture[28,29].
Complications following fractures or fracture surgery, includ-

ing decreased physical activity and postoperative delirium, might
increase the risk of dementia. A cohort study of a population ≥65
years old observed a functional decline in mobility and activities
of daily living in participants after fracture during an 8-year
follow-up period.[30] A retrospective study reported that
approximately 31.8% (43/135) of hip fracture patients with
postoperative delirium were diagnosed with dementia;[31] in that
study, postoperative delirium increased by 15.6 times the risk of
new-onset dementia within 3 years after surgery (95% CI=2.6–
91.6).[31]

Furthermore, several previous studies have demonstrated an
increased risk of fractures in dementia patients.[11–14] The risk of
hip fracture was 2.57 times higher in Alzheimer’s disease patients
than in a control group (95% CI=2.32–2.84).[11] Another study
described a 1.92 times higher risk of hip fracture in dementia
patients, including those with Alzheimer’s disease and unspecified
dementia (95% CI=1.48–2.49).[12] Moreover, the risk of hip
fracture is high in patients with dementia and chronic diseases,
such as those with chronic kidney disease on dialysis.[13]

The present study is based on nationwide representative data,
the validity of which was verified in a previous study.[32] Because
NHIS data include all Korean citizens, without exception, there
were no missing participants. The control group was randomly
selected and matched for age, sex, income, region of residence,
and medical history of hypertension, diabetes, and dyslipidemia.
Income and region of residence were included because they are
crucial factors determining the availability of medical care.
5

According to region of residence, both urban and rural subgroups
demonstrated increased ORs for dementia in fracture groups. A
previous study reported a high prevalence of osteoporotic
fractures in postmenopausal women due to low socioeconomic
status and poor nutritional status, with low bone marrow density
and vitamin D, in a rural population[33]. Nonetheless, sedentary
behavior, which might be higher in the urban population, might
increase the risk of osteoporosis and fracture in this group[34].
Several limitations of our study should be noted. The dementia

group in this study was selected based on ICD-10 codes and a
history of ≥ 2 instances of treatment for the condition (see
Supplemental File S2, http://links.lww.com/MD/D720). The
prevalence of dementia assumed in this study was comparable
to that reported by the central dementia center of Korea (see
Supplemental File S2). However, there might have been potential
misdiagnoses of dementia due to the lack of information
regarding actual clinical records, and the data from the NHIS-
NSC do not include the severity of dementia or each fracture. In
addition, although our analysis was adjusted for several
potentially confounding factors, others were not considered,
such as body mass index, smoking status, and alcohol
consumption.
In conclusion, a history of a distal radius, hip, or spine fracture

is associated with an increased risk of dementia in patients ≥60
years of age.
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