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ABSTRACT

Objectives: This study aims to examine bone mineral density (BMD) and osteoporosis in older adults with dementia compared to those with
a normal cognitive status and to evaluate the type, severity, and duration of dementia.
Patients and methods: Between May 2013 and May 2017, a total of 363 participants aged ≥65 years (136 males, 227 females;
mean age 78.4±5.4 years; range 66 to 99 years) with and without Alzheimer’s disease (AD), vascular dementia (VaD), or mixed dementia
(AD-VaD) were included in this single-center, prospective, cross-sectional study. The dementia group included 93 patients with dementia
and the control group included 270 age- and sex-matched healthy individuals. We used dual-energy X-ray absorptiometry (DXA) to measure
BMD of the lumbar spine, total hip, and femoral neck.
Results: Controlled for age and sex, demented and non-demented participants had a similar BMD (g/cm2) at lumbar spine [F (1, 358):0.83,
p=363], but lower BMD values of total hip [F (1, 359):10.26, p=0.001] and femoral neck [F (1, 359):15.21, p<0.001] in the patients with dementia.
Adjusted percentage of osteoporosis and low bone mass based on total hip and femoral neck T-scores were also significantly higher in the
patient group. The mean BMD values, frequency of osteoporosis, and low bone mass did not significantly differ according to the subtype of
dementia, sex, and disease duration or severity.
Conclusion: Our study results show that demented elders have a lower BMD and higher frequency of osteoporosis at the hip, but not at the
lumbar spine, irrespective of sex and type of dementia. Based on these results, we can speculate that not only AD, but also VaD and AD-VaD
may be associated with bone loss at the hip.
Keywords: Alzheimer’s disease, bone disease, metabolic, vascular, osteoporosis.

Osteoporosis is more frequent than many chronic
conditions of older age, and fragility fractures are
among the common causes of morbidity and mortality
in elderly individuals.[1] A recent analysis in the United
States has shown a 5.1% prevalence of osteoporosis in
individuals aged 50 to 59 years, but has risen to 8%,
16.4%, and 26.2% over the next decades.[2] It has been
also reported that at least 40% in any age category have
a low bone mass (LBM).[2]
Dementia is one of the leading etiologies which
cause falls due to impairments in cognition, gait,

and postural control.[3] One-year incidence of falls
among patients with dementia may reach up to 50 to
80%.[4] Patients with dementia have a higher risk for
fractures than non-demented individuals.[5] Although
osteoporosis is the primary predictor of fragility
fractures,[1] a pathophysiological link between
dementia and osteoporosis is still unclear. Dementia
and osteoporosis exhibit similarities such as earlier
onset in women, association with depression, and the
protective role of being overweight.[6-10] On the other
hand, in contrast to earlier findings, BMD loss and the
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diagnosis of osteoporosis are more common in patients
with dementia.[11-13] Moreover, recent meta-analyses
have demonstrated that osteoporosis and lower femoral
neck BMD increase the risk for developing Alzheimer’s
disease (AD), while patients with AD are at a higher
risk for osteoporosis.[14]
Cardiovascular disease (CVD) increases the risk for
developing not only dementia, but also osteoporosis
and fractures in the general population.[15-18] In the
present study, we hypothesized that, patients with
vascular dementia (VaD) and mixed-type dementia
(AD-VaD) could be at an increased risk for bone loss,
compared to patients with AD. Therefore, we aimed
to investigate the characteristics and variations in
bone density at different sites, and the frequency of
osteoporosis in elderly patients with three common
forms of dementia.

PATIENTS AND METHODS
This single-center, prospective, cross-sectional
study was conducted at Gülhane Training and Research
Hospital , geriatric outpatient clinic between May 2013
and May 2017. A total of 363 participants aged ≥65
years (136 males, 227 females; mean age 78.4±5.4 years;
range, 66 to 99 years) with and without AD, VaD, or
AD-VaD were included. We excluded those diagnosed
with other types of dementia including frontotemporal
dementia, Parkinson's dementia, and dementia with
Lewy bodies. Other exclusion criteria were mild
cognitive impairment (MCI), delirium or extreme
neuropsychiatric behavior, current hospitalization,
recent major surgery, or bilateral hip replacement
surgery. As part of a survey focused on the association
between CVD and geriatric comorbidities, the present
data were collected from a geriatric outpatient clinic
in the tertiary setting. All individuals underwent a
comprehensive geriatric assessment, regardless of the
presence of serious illnesses. The physician carefully
recorded newly recognized or previously known
comorbidities including osteoporosis with the help of
the patients' spouse, family members, or caregivers.
Eligible participants underwent dual-energy X-ray
absorptiometry (DXA) measurement of the lumbar
spine, total hip, and femoral neck regions during
geriatric outpatient registry. A routine patient care also
covered ordering a repeated BMD measurement, where
indicated.[19] Individuals with no difficulty in activities
of daily living, but with memory impairment and
lower scores on the Mini-Mental State Examination
(MMSE) (scores between 19 and 23 out of 30) were
classified as having MCI.[20,21] The dementia group

included 93 patients with dementia and the control
group included 270 age- and sex-matched healthy
individuals with intact cognitive functions based on
neuropsychological evaluation.[20]
A written informed consent was obtained from
each participant. The study protocol was approved by
the Keçiören Training and Research Hospital Ethics
Committee (2012-KAEK-15/1256-2017). The study was
conducted in accordance with the principles of the
Declaration of Helsinki.
Study protocol
At study entry, we collected overall participant
characteristics such as age, sex, education status,
smoking, and comorbidities including coronary heart
disease, stroke, diabetes mellitus, hypertension, and
hypercholesterolemia. Anemia, hypothyroidism,
vitamin B12 deficiency, folate deficiency, and vitamin
D deficiency were diagnosed using the laboratory data
obtained during the enrollment visit. We recorded
the drugs in fixed-dose combination pills as separate
medications and defined polypharmacy as the
combined use of ≥5 drugs.
The Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-V) was used in the
diagnosis of dementia.[22] Alzheimer’s disease was
diagnosed according to the criteria of National
Institute of Neurological and Communicative
Disorders and Stroke and the Alzheimer's Disease
and Related Disorders Association.[23] In addition,
the National Institute of Neurological Disorders and
Stroke-Association Internationale pour la Recherche et
l'Enseignement en Neurosciences criteria were used in
the diagnosis of VaD.[24] The severity of dementia was
rated by the Clinical Dementia Rating (CDR) Scale.[25]
Body weight and height were measured without
shoes and with light clothing. The body mass index
was calculated by dividing the body weight by square
of height (kg/m 2). The World Health Organization
T-score definitions were used to interpret DXA results
as follows: T-score >-1: normal, ≤-1: LBM, ≤-2.5:
osteoporosis.[19]
Statistical analysis
Statistical analysis was performed using the IBM
SPSS version 23.0 software (IBM Corp., Armonk,
NY, USA). Descriptive data were expressed in
mean ± standard deviation (SD), median (min-max)
or number and frequency. The Shapiro-Wilk test was
used to test normality. Differences between dementia
and control groups were determined either by Student's
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control group as the standard) were calculated using
log-binomial logistic regression analysis. A p value of
<0.05 was considered statistically significant.

t-test, Mann-Whitney U test, or chi-square (χ2) test
depending upon the type and distribution of variables.
The Spearman rank correlation coefficients were
calculated to test simple correlations. The χ2, one-way
analysis of variance (ANOVA) test or Kruskal-Wallis
test was used to examine significant differences between
dementia subtypes. Analysis of covariance (ANCOVA)
was used to evaluate the adjusted differences of BMD
values in the dementia and control groups, with
age and sex as covariates which are known to be
significantly associated with reduced bone mass and
osteoporosis.[26] Continuous variables with a positively
skewed distribution were log transformed. Confidence
intervals (Cis) for osteoporosis and LBM prevalence
were provided by a binomial single-sample proportions
test using the exact method of Clopper and Pearson.
Age and sex-adjusted differences in the prevalence of
osteoporosis and LBM in dementia and control groups,
as well as the adjusted prevalence ratio (PR) (taking the

RESULTS
Of a total of 363 participants, most (69.1%) were
educated less than five years. Hypertension (76.6%)
and decreased glomerular filtration rate (GFR) (60.1%)
were the most common comorbidities. About onefifth of the total study population had CVD (either
coronary heart disease or stroke).
The dementia group (n=93) and the control
group (n=270) were similar for age and sex. Table 1
shows the general characteristics of the patients and
controls. The patients with dementia were more
likely to have a stroke, CVD, lower GFR, folate
deficiency, polypharmacy, or depression, and a lower
education status. There was no significant difference

TABLE 1
Baseline demographic and clinical characteristics and cognitive findings of study population
Total (n=363)
n

%

Age (year)

Mean±SD

Dementia (n=93)
n

%

78.4±5.4

Mean±SD

No dementia (n=270)
n

%

78.4±5.1

Mean±SD

p

78.7±6.0

0.614

65-74
75-84
>84

92
222
49

25.3
61.2
13.5

23
56
14

24.7
60.2
15.1

69
166
35

25.6
61.5
13

0.875
0.829
0.611

Gender
Female

227

62.5

58

62.4

169

62.6

0.969

Lower educationa

251

69.1

76

81.7

175

64.8

0.002

Past/current smoking

95

26.2

28

30.1

67

24.8

0.317

Coronary heart disease

59

16.3

14

15.1

45

16.7

0.716

Stroke

25

6.9

15

16.1

10

3.7

<0.001

Cardiovascular disease

78

21.5

25

26.9

53

19.6

0.142

Diabetes mellitus

74

20.4

14

15.1

60

22.2

0.139

Hypertension

278

76.6

71

76.3

207

76.7

0.949

Hypercholesterolemia

135

37.2

32

34.4

103

38.1

0.520

GFR <60 mL/min

211

60.1

63

69.2

148

56.9

0.039

Anemia

66

18.2

18

19.4

48

17.8

0.745

Hypothyroidism

40

11.3

12

13

28

10.7

0.539

Vitamin B12 deficiency

223

61.4

56

60.2

167

61.9

0.780

Folate deficiency

53

15.6

25

29.4

28

11

<0.001

Vitamin D deficiency

96

43.8

25

45.5

71

43.3

0.780

Polypharmacy

185

51

59

63.4

126

46.7

0.005

Body mass index

29.5±5.5

28.2±5.7

30±5.3

0.009

SD: Standard deviation; GFR: Glomerular filtration rate; a Lower education: <5 years of attained education level; cardiovascular disease: presence of either coronary heart disease
or stroke; anemia: hemoglobin <12 g/dL; hypothyroidism: thyroid stimulating hormone >5 mIU/mL; vitamin B12 insufficiency: <350 pg/mL; folate deficiency: <5 ng/mL; vitamin
D insufficiency: <30 ng/mL. Significant p values are shown in bold. See text for other details.
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TABLE 2
Bone density comparisons at three sites†
Unadjusted

BMD (g/cm2)

Adjusted*

Difference: Dementia - Control

Dementia
(n=93)

Control
(n=270)

Dementia

Control

Adjusted

Mean±SD

Mean±SD

Mean±SE

95% CI

Mean±SE

95% CI

Mean

95% CI

p

Lumbar

889.7±147.3

951.4±641.5

890.0±57.9

776.1-1004.0

951.2±34.1

884.3-1018.2

-61.2

-193.4-71.0 0.308**

Total hip

801.3±126.9

855.4±156.2

802.7±14.1

775.0-830.3

854.9±8.3

838.7-871.2

-52.3

-84.3 -20.2

0.001

Femoral neck

645.0±93.0

701.5±130.7

646.1±12.2

622.1-670.0

701.1±7.1

687.1-715.1

-55.1

-82.8 -27.3

<0.001

† Based on ANCOVA test; SD: Standard deviation; SE: Standard error; CI: Confidence interval; BMD: Bone mineral density; * Controlling for age and sex. **Calculated for log
transformed values; ANCOVA: Analysis of covariance.

in the other characteristics between the two groups
(Table 1).
The mean time from the diagnosis of dementia
was 22.3±26.3 months. The ratio of patients with AD,
VaD, and AD-VaD were 52.7% (n=49), 19.4% (n=18),
and 28.0% (n=26), respectively. The majority of the
patients with dementia (72%) had CDR-1 (mild),
followed by CDR-2 (moderate, 24.7%) and CDR-3
(severe, 3.2%).
Unadjusted comparisons showed that the mean
BMD values at the lumbar spine was similar in the
participants with dementia and controls (p=0.247).
However, the mean BMD values at the total hip
(p=0.001) and femoral neck (p<0.001) were significantly
lower in the dementia group. Table 2 shows the
adjusted comparisons of the mean BMD values at three
sites. Controlling for age and sex, the differences in
the mean BMD values at the total hip [F (1, 359):10.26,
p=0.001] and femoral neck [F (1, 359):15.21, p<0.001]
remained significant. The mean BMD values were
more than 50 g/cm 2 lower in both the total hip and
femoral neck sites in the dementia group, compared to
healthy controls.

Table 3 shows a comparison of the prevalence of
osteoporosis and LBM in both groups, and adjusted
prevalence ratios taking the control group as the
standard. Controlling for age and sex, based on a
T-score of ≤-2.5 at any of three sites, the prevalence of
osteoporosis was found to be higher in the dementia
group, although not statistically significant [(95% CI:
0.93-2.50), p=0.097]. However, based on a T-score of
≤-2.5 at the femoral neck, the adjusted prevalence of
osteoporosis in the dementia group was significantly
higher by 14. Low bone mass, as defined by a T-score
of ≤-1.0 at any of three sites, was significantly more
frequent in the dementia group (p=0.009) after the
adjustment. Also, there was a significant difference
between dementia and control groups in terms of the
LBM at the femoral neck (p<0.001).
The duration after diagnosis of dementia did not
significantly correlate with BMD values at the lumbar
spine (r=0.102, p=0.329), total hip (r=-0.060, p=0.570),
and femoral neck (r=-0.007, p=0.363). The BMD values
were also similar in the demented patients with a
median duration of eight months to a relatively newer
diagnosis (lumbar spine, p=0.728; total hip, p=0.680;
femoral neck, p=0.917).

TABLE 3
Frequency of osteoporosis and low bone mass in study population
Dementia (n=93)

No dementia (n=270)

n

%

95% CI

n

%

95% CI

PR

95% CI

p*

T-score ≤-2.5, any site

38

40.9

30.8-51.5

84

31.1

25.6-37.0

1.16

0.97-1.39

0.107

T-score ≤-2.5, femoral neck

24

25.8

17.3-35.9

43

15.9

11.8-20.8

1.14

1.01-1.29

0.040

T-score ≤-1.0, any site

89

95.7

89.4-98.8

229

84.8

80.0-88.9

3.49

1.29-9.44

0.014

T-score ≤-1.0, femoral neck

86

92.5

85.1-96.9

191

70.7

70.0-64.9

3.82

1.83-7.94

<0.001

Osteoporosis

Low bone mass

* Adjustments were made for age and sex. CI: Confidence interval; PR: Prevalence ratio.
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TABLE 4
Comparison of BMD values, frequency of osteoporosis, and low bone mass among dementia subtypes
AD
%

VaD
Mean±SD

%

AD-VaD
Mean±SD

%

Mean±SD

p
0.684

BMD (g/cm )
2

Lumbar

891.9±156.9

913.1±152.6

869.3±126.2

Total hip

780.6±132.8

846.2±135.3

809.3±102.7

0.161

Femoral neck

628.1±98.5

682.9±143.5

650.5±88.8

0.170

Frequency of osteoporosis
Femoral neck

30.6

22.2

19.2

0.522

93.9

83.3

96.2

0.246

Frequency of LBM
Femoral neck

BMD: Bone mineral density; AD: Alzheimer’s disease; VaD: Vascular dementia; AD-VaD: Mixed dementia; SD: Standard deviation; LBM: Low bone mass.

TABLE 5
Comparison of BMD values, frequency of osteoporosis and low bone mass according to
dementia severity
CDR-1
%

CDR-2/3

Mean±SD

%

Mean±SD

p

BMD (g/cm )
2

Lumbar

893.9±157.7

878.9±118.5

0.622

Total hip

808.0±126.7

784.1±128.1

0.422

Femoral neck

648.4±106.1

636.2±110.9

0.634

Frequency of osteoporosis
Femoral neck

26.9

23.1

0.796

92.5

92.3

1.000

Frequency of LBM
Femoral neck

BMD: Bone mineral density; CDR: Clinical dementia rating; SD: Standard deviation; LBM: Low bone mass.

Among the dementia subtypes, the BMD measured
at the lumbar (p=0.684), total hip (p=0.161), and
femoral neck (p=0.170) showed no significant
difference (Table 4). In addition, the frequency of
osteoporosis diagnosed by a T-score at the femoral
neck was similar across the three dementia types
(p=0.522) (Table 4). The LBM at the femoral neck was
also similar (p=0.246) (Table 4).
There was no significant difference in the BMD
values at the lumbar spine (p=0.622), total hip
(p=0.422), and femoral neck (p=0.634) between CDR-1
and CDR-2/3 patients (Table 5). In addition, based on
a femoral neck T-score, CDR-1 patients had a similar
osteoporosis (p=0.796) and LBM (p=1.000) ratios,
compared to those with CDR-2/3 (Table 5).
Among cognitively intact individuals, controlling
for age, the BMD values at the femoral neck of women

was 88.22 g/cm2 lower compared to men [F (1, 267):
29.24, p<0.001 (log transformed)]. No sex difference
was observed in the femoral neck mean BMD values
in the patients with dementia [F (1, 90): 3.72, p=0.057].
Age-adjusted difference in the osteoporosis
(p=0.906) and LBM (p=0.254) prevalence according
to the femoral neck BMD values were not found to be
significant between women and men.

DISCUSSION
In the present study, we compared older adults
having a diagnosis of dementia with cognitively healthy
controls and found that the demented patients had a
relatively lower total hip and femoral neck BMD, and a
higher proportion of osteoporosis and LBM. The most
significant difference in the BMD values appeared at
the femoral neck, which is the most recommended site
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for the osteoporosis diagnosis.[27] On the other hand,
we found no significant difference in BMD values and
the prevalence of osteoporosis at the lumbar spine in
the patients with dementia. Also, those with AD, VaD,
and AD-VaD had similar BMD values, osteoporosis or
LBM rates. Based on these findings, we suggest that
older adults with dementia are more likely than others
to develop weak bones and osteoporosis at the hip,
which may explain the previously reported increase
in the risk for fractures in these individuals.[5,28]
In this context, other than reducing the number of falls,
maintaining and even improving the bone strength of
older adults with dementia seem to be vital in the
prevention of new fractures.
Several studies have examined the association
between dementia and osteoporosis. In an earlier
study, Johansson and Skoog[29] found no significant
difference in calcaneal BMD of 35 demented elderly
aged over 85 years and matched controls, although
more patients with dementia had osteoporosis and
hip fractures. Later studies reported that patients
with AD[12] and even earliest AD[11] had lower
BMD values than cognitively healthy individuals.
Moreover, the relative risk for hip fractures, but not
vertebrae or wrist, was found to be higher among
the dementia subtypes (i.e., AD and unspecified
dementia).[28] Another large-scale, prospective
study with a six-year follow-up of individuals aged
60 to 75 years showed that, along with age, female
sex, vitamin D deficiency, smoking, drinking and
stroke, the presence of AD increased the risk for
new osteoporosis.[30] Of note, not all fractures
occur due to reduced bone mass.[31] However, our
study indicates that, apart from the increased risk
for osteoporosis and fractures that was shown
previously,[28,32] demented individuals have a reduced
bone strength, particularly in the femoral neck.
Currently, there is a growing number of evidence
showing that osteoporosis promotes the development
of dementia.[33-42] Several authors have reported that
bone metabolism is altered in MCI and AD and
individuals with a lower BMD have an increased
risk for developing cognitive decline.[33-36] Thus,
the patients with dementia in the current study
probably had an early-onset bone loss with a rapid
progression before the occurrence of the symptoms
of cognitive dysfunction.[37-39] Moreover, patients
having MCI and lower BMD values had a double risk
for conversion to AD, compared to the controls.[40]
In a recent cross-sectional study, along with several
common comorbidities, osteoporosis was associated
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with AD, supporting their co-existence.[41] In a
retrospective cohort analysis, the diagnosis of
osteoporosis significantly increased the future
risk for both dementia and AD.[42] Besides, a
prospective, eight-year follow-up study showed that
low femoral neck BMD values were associated with
doubling of the risk for AD, as well as all-cause
dementia.[36] Previously, patients with AD were also
found to have BMD reduction before the initiation
of symptoms.[11] In laboratory animals, the decrease
of BMD occurred earlier than overt degeneration in
a tau-based AD model.[35] Furthermore, an evidence
of concurrent impairments in bone remodeling and
osteogenic gene signaling linked to both bone loss
and neuropathology in the brain of AD-induced
animals was recently reported.[34] Thus, dementia
and osteoporosis have a prodromal period, while
the latest findings suggest that bone loss accelerates
in the presence of neurodegeneration.[43] In line
with this finding, several authors have suggested
that osteoporosis may be considered as an early risk
factor for dementia.[42]
Similar to dementia, both osteoporosis and
fragility fractures are more frequent among
women.[19,27] In a previous study, female sex was shown
to be a predictor of hip fractures in patients with
dementia.[29] However, in later studies, an increased
risk for BMD reduction and fractures in the early
AD or established dementia were not found to be
associated with traditional risk factors such as age,
sex, smoking or selected comorbidities.[11,28,32] Also,
additional modifiers such as physical activity, frailty,
overall cognitive level, depression, genetic make-up
and use of bone affecting medications showed no
interaction with the decreased BMD in early AD.[11]
Consistent with these results, there was no sex
effect on BMD, osteoporosis, or LBM in our patients
with dementia, compared to the control group. Such
supportive evidence was obtained in previous studies
showing no sex difference in the risk for hip fractures
in demented individuals and comparable odds of
new dementia in women and men diagnosed with
osteoporosis.[28,42]
Cardiovascular disease commonly coexists with
dementia, including AD.[15,16] Of note, available
evidence suggests that osteoporosis is associated with
CVD and stroke patients may have an even higher
risk.[17,18] Therefore, we assumed that VaD and AD-VaD
patients in our study may have had lower BMD values,
more osteoporosis or LBM; however, our analyses
were consistent with no difference in this regard;
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even numerically lower numbers were seen in VaD
and AD-VaD patients. These findings were consistent
with previous studies reporting similar rates of
reduced BMD and fracture risk in different types of
dementia.[28,36,42] Thus, compared to other types of
dementia, additional factors may be involved in the
mechanism of reduced bone mass in patients with AD.
The degree of bone loss or the frequency of
osteoporosis across stages of dementia is almost
unknown. A study conducted among nursing home
residents found no significant correlation between
dementia severity and fractures.[5] Similarly, our study
showed that BMD or osteoporosis frequency did not
significantly differ in terms of dementia severity in the
patient group which mainly consisted of those in CDR-1
and CDR-2 stages. This finding can be attributed to the
fact that BMD reduction or osteoporosis started very
early and that they were already at an advanced stage
at the time of study participation.
Nonetheless, this study has several limitations. First,
the cross-sectional design reduces our ability to draw
causal relationships between dementia and BMD or
osteoporosis. Second, we were unable to document
falls and fractures due to missing data primarily in
individuals without dementia having a normal
DXA. As a fragility fracture is also diagnostic for
osteoporosis,[19,27] the inclusion of fracture data could
have improved the accuracy of our results. Third, past
or current medical treatments for osteoporosis were
missing in our data; however, we recently reported that
even non-demented older adults had significant recall
errors in correctly reporting a previous osteoporosis
diagnosis.[44] In addition, our dementia sample included
only the outpatients, limiting the generalizability of
the results for advanced dementia or nursing home
residents. Finally, due to the lower number of patients in
the dementia subgroups, further studies are necessary
to identify the level of risk attributable to VaD and
AD-VaD for BMD reduction and osteoporosis.
In conclusion, irrespective of the type, severity, and
duration of the disease, the patients with dementia had
reduced hip BMD, increased frequency of osteoporosis,
and overall LBM compared to cognitively normal
individuals. Unlike most other studies in the literature,
we examined the relation of osteoporosis with all
types of dementia, not only with AD. Compared to
controls, we found that female sex had no effect on
the BMD or osteoporosis frequency in older adults
with dementia. Thus, our study findings support
the notion that reduced bone mass is one of the
prevalent comorbidities in patients with dementia and,
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hence, implementing preventive measures is critical to
prevent fractures in this population with a high risk
for fractures.
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