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ORIGINAL ARTICLE

Cognitive decline is associated with an accelerated rate
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ABSTRACT
Cognitive decline and osteoporosis often coexist and some evidence suggests a causal link. However, there are no data on the lon-
gitudinal relationship between cognitive decline, bone loss and fracture risk, independent of aging. This study aimed to determine
the association between: (i) cognitive decline and bone loss; and (ii) clinically significant cognitive decline (≥3 points) on Mini Mental
State Examination (MMSE) over the first 5 years and subsequent fracture risk over the following 10 years. A total of 1741 women and
620 men aged ≥65 years from the population-based Canadian Multicentre Osteoporosis Study were followed from 1997 to 2013.
Association between cognitive decline and (i) bone loss was estimated using mixed-effects models; and (ii) fracture risk was esti-
mated using adjusted Cox models. Over 95% of participants had normal cognition at baseline (MMSE ≥ 24). The annual % change
in MMSE was similar for both genders (women �0.33, interquartile range [IQR] �0.70 to +0.00; and men �0.34, IQR: �0.99 to
0.01). After multivariable adjustment, cognitive decline was associated with bone loss in women (6.5%; 95% confidence interval
[CI], 3.2% to 9.9% for each percent decline in MMSE from baseline) but not men. Approximately 13% of participants experienced sig-
nificant cognitive decline by year 5. In women, fracture risk was increased significantly (multivariable hazard ratio [HR], 1.61; 95% CI,
1.11 to 2.34). There were too few men to analyze. There was a significant association between cognitive decline and both bone loss
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and fracture risk, independent of aging, in women. Further studies are needed to determine mechanisms that link these common
conditions. © 2021 American Society for Bone and Mineral Research (ASBMR).
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Introduction

Dementia and osteoporosis are highly prevalent in the
elderly population and often coexist. Currently worldwide,

there are 200 million people affected by osteoporosis(1) and over
35 million by dementia,(2) and these numbers are expected to
double over the next two decades because of increasing life
expectancy. Both conditions are associated with increased dis-
ability, physical decline, loss of independence, and increased
mortality risk, and there is some limited evidence that the com-
bination of these conditions results in a worse outcome than
either condition alone.(3,4) Despite this, less than 5% of hip frac-
ture patients with dementia receive appropriate treatment for
osteoporosis(5) compared with treatment rates of about 30%
for hip fractures in the general community. The reason for this
poor clinical management is unknown but is believed to be at
least partly due to a lack of understanding of the nature of the
association between these two conditions.(4)

Individuals with dementia are at high risk of osteoporosis and
hip fracture.(6) It has been estimated that approximately 40% of
patients with hip fracture have a prior diagnosis of dementia.
The risk of hip fracture in Alzheimer disease was recently
reported in a meta-analysis of nine cohorts from the United
States, Canada, and the UK to be over twofold (pooled odds ratio,
2.5; 95% CI, 2.03–3.24) compared to those without dementia.
Furthermore, this study also demonstrated that hip bonemineral
density (BMD) was lower in those affected (pooled standardized
mean difference �1.12; 95% CI, �1.34 to �0.90) compared to
controls.(7)

Notably, a recent study has demonstrated increased risk of
dementia following both hip and non-hip fractures. Although
the risk of dementia was highest following hip fracture (60%),
vertebral (47%), lower (35%), and upper limb (29%) fractures
were also associated with increased risk.(8) These findings are
particularly important as non-hip fractures are very common,
affecting two in five women and one in three men after the
age of 60 years.(9)

The nature of the association between osteoporosis and
dementia is not entirely clear. Most authors to date believe that
the association between these two common conditions is likely
driven by common risk factors such as old age, sedentary life-
style, physical decline, vitamin D insufficiency, sarcopenia, and
propensity to falls.(6) However, there is some evidence that sug-
gests that hip fracture per se may lead to complications which
directly precipitate dementia development.(10) Furthermore, at
least two studies have shown a significant association between
low BMD or bone loss and subsequent cognitive decline in post-
menopausal women.(11,12) However, studies investigating the
longitudinal long-term association between cognitive decline
and both bone loss and fracture risk are lacking.

This study had two aims: to investigate (i) the association
between cognitive decline and bone loss over 10 years of
follow-up; and (ii) the association between significant cogni-
tive decline over the first 5 study-years and subsequent frac-
ture risk over the following 10 years in participants 65 years

and over from the Canadian Multicentre Osteoporosis Study
(CaMos).

Subjects and Methods

Study population and setting

This study is based on CaMos, an ongoing prospective popula-
tion based study that started in 1995, with the aim of document-
ing skeletal health of a randomly selected population of women
and men aged ≥25 years. All non-institutionalized Canadians
who resided within 50 km of a study center, representing
~42% of all Canadians, were eligible. Participants were recruited
using randomly generated telephone lists from the regions sur-
rounding nine urban centers in Canada including: St John’s Hal-
ifax, Québec City, Kingston, Toronto, Hamilton, Saskatoon,
Calgary, and Vancouver. A detailed description of the study
design and population sampling has been published.(13) CaMos
was approved by the Ethics Committee of McGill University
and at each participating center.

Of the 9423 participants recruited, 2361 aged ≥65 years were
included in the current analysis (Figure 1). Because the aim of this
study was to assess the longitudinal association between the
rates of bone loss and cognitive decline, eligibility criteria
included the presence of at least two BMD measurements
(dual-energy X-ray absorptiometry [DXA] at the site of femoral
neck) and two cognitive tests assessments (Mini Mental State
Examination [MMSE]). The group of people included in the study
were younger, had higher baseline femoral neck BMD, MMSE,
and Short Form 36 Health Survey (SF-36; Rand Corporation,
Santa Monica, CA, USA) scores, had lower prevalence of comor-
bidities, and better lifestyle factors (more regular physical activity
and less smoking) than those who had fewer than two BMD or
MMSE measurements.

Study design and data collection

Data collection was conducted at baseline, year 5, and year
10 using an interviewer-administered structured questionnaire,
and yearly through mailed out questionnaires. Information col-
lected during all clinical visits included comorbidities, education
(university education or not), lifestyle factors (i.e., smoking, regu-
lar physical activity), and quality of life using the SF-36 question-
naire (reported as standardized mental and physical scores).
Information on medication and supplements was collected at
baseline and yearly. Anthropometric measurements, as well as
measurements of BMD and cognitive function were performed
at all clinical visits.

In order to ascertain the role of physical characteristics and
quality of life on cognitive decline at year 5, the change in param-
eters (height, weight, femoral neck BMD, and SF-36 components
[standardized mental and physical score]) were calculated for
each participant as the percent change between baseline and
year 5. Participants were then classified as having significant
change (worst quartile) or no change (the remainder).
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Cognitive function assessment

Cognitive function was assessed using MMSE tests at baseline,
year 5, and year 10. MMSE is a set of 30 items that assess short-
term and long-term memory, attention span, concentration, lan-
guage and communication skills, ability to plan, and ability to
understand instruction. The total score ranges from 0 to 30, with
higher scores indicating better global cognition. Several items of
MMSE could not be assessed in participants with sensory deficit
or arthritis. For participants affected by these conditions, an indi-
vidualized maximum obtainable score was calculated by sub-
tracting from the total possible score of 30, the items which
could not be assessed. The adjusted score was then calculated
as the ratio between person’s score on the test and maximum
obtainable score multiplied by 30 (https://www.ihpa.gov.au/
sites/default/files/publications/smmse-guidelines-v2.pdf).

Cognitive decline was assessed in two ways. For the first aim,
the rate of cognitive decline was calculated as the annualized
percent change from baseline. For the second aim, participants
were categorized as having significant cognitive decline if they
lost more than three points on MMSE between baseline and year
5. Those who lost <3 points were considered not affected by cog-
nitive decline.(14,15)

Main outcome measurements

BMD

BMD was measured as femoral neck areal BMD (aBMD) at
baseline (year 0) and then subsequently in year 5 and year 10.
BMD assessment was performed by DXA (Discovery W; Hologic,
Bedford, MA, USA). Standardization between DXA scanners was

assessed by scanning a single phantom, which was circulated
among centers.(16)

The primary outcomemeasurement for this studywas the rate
of change in BMD calculated as annualized percent change from
baseline.

However, because measurements of BMD and cognitive func-
tion were performed at the same time points, a reverse analysis
with the rate of MMSE decline as the outcome was also
performed.

Incident fracture

Fracture events were identified through the yearly mailed ques-
tionnaires and 78% of fractures were verified by x-ray report. In
the verified sample, >90% of self-reported fractures were concor-
dant with the x-ray reports.

Information on the fracture site, date of event, and circum-
stance was obtained by telephone interview. Only minimal
trauma fractures, such as those which occur as the result of a fall
from standing height or less, were included. Traumatic fractures,
as well as pathological (i.e., Paget’s disease, metastatic cancer),
and fractures of the skull and digits were excluded.

Because the second aim of this study was to assess the effect
of significant cognitive decline at year 5 on subsequent fracture
risk, incident fracture was defined as the first fragility
fracture that occurred from year 5 through year 15. Incident frac-
tures were classified according to the bone site affected as hip,
clinical vertebral, and non-hip non-vertebral fracture (NHNV),
which included all the remainder sites (ribs, pelvis, arms, and
legs, except fingers and toes). If more than one site was affected
in the same event (i.e., multiple fractures), the classification was
based on the most proximal ones deemed to be more severe.(9)

Camos participants 65 +  

N= 4511

Excluded

  <2 BMD and/or MMSE, n=2150

Total sample

Year  0 N= 2300 (W= 1696, M= 604)

Year  5 N= 1712 (W= 1250, M= 462) 

MMSE loss > 3 points

W= 186 M= 86

MMSE loss < 3 points

W= 1422 M= 484

Total Sample

N= 2178
W= 1608, M= 570

Fracture

    N = 57

   W= 50 M= 7

Fracture

N = 390

W= 332 M= 58

Excluded

no MMSE Years 0 and 5, n= 2333

 1) Bone loss and Cognitive decline
2) Cognitive decline (Years 0 to 5) and

Fracture risk (Years 5 to 15)

N = 272 N = 1906

Year 10 N= 1563 (W= 1170, M= 393)

N= 2361(W= 1741, M= 620)

Fig. 1. Flow chart of CaMos participants according to the analytical samples. Abbreviations: BMD, bone mineral density; CaMos, Canadian Multicentre
Osteoporosis Study; M, men; MMSE, Mini Mental State Examination; W, women.
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Fragility fracture sustained between baseline and year 5, as well
as those prior to recruitment were classified as prior fracture.

Statistical analysis

Analysis was performed separately for women and men and
aimed to answer two specific questions: (i) the longitudinal
relationship between the rate of cognitive decline and bone
loss; and (ii) the association between significant cognitive
decline at year 5 and subsequent fracture risk between year
5 and year 15.

Longitudinal relationship between rates of cognitive decline and
bone loss

Rates of bone loss and cognitive decline were estimated for each
participant as annualized percent change using three measure-
ments (baseline, year 5, and year 10) as well as the total percent
change between baseline and year 10, using generalized linear
models. Initially, the trajectories of bone loss and cognitive
decline were modeled separately to determine if there was a sig-
nificant change between baseline and year 10. We then tested
whether gender and age at baseline predicted the trajectories
of cognitive function and BMD. Two separate mixed-effect
models corresponding to the MMSE and BMD trajectories
were fitted with interaction terms for age group (<75 and
≥75 years) * time (years) for women and men, separately
using LSMEANS and Slice statements in SAS (SAS Institute,
Inc., Cary, NC, USA).

Participants were then classified according to the outcome
measurement: as having rapid bone loss (highest quartile) and
no bone loss (remaining three quartiles). Baseline characteristics
were compared between these two groups using χ2 for categor-
ical variables and Student’s t test for continuous variables.

The longitudinal association between the rate of cognitive
decline and bone loss was assessed using linear mixed-effect
models to answer the question whether a significant change in
the rate of cognitive function was associated with a significant
change in the rate of bone loss. This model was adjusted for all
potential confounding effects, including age, demographic mea-
surements, education, comorbidities, lifestyle factors, and SF-36
components.

Approximately 8% of participants were missing at least one
covariate used in the multivariable adjustment models
(e.g., height, weight, SF-36 mental and physical scores). Values
for the missing variables were imputed using multivariate impu-
tation by the chained equations algorithm.(17)

Association between significant cognitive decline (baseline to year
5) and subsequent fracture risk (year 5 to year 15)

Participants were classified as having a significant cognitive
decline if they lost three or more points on MMSE test between
baseline and year 5. First, we determined whether significant
cognitive decline was associated with a decline in other parame-
ters: anthropometric (height and weight), bone density, total SF-
36 components. The change in these parameters was calculated
as percent change between baseline and year 5, and their asso-
ciation with significant cognitive decline was estimated using
logistic regression.

Second, the association between significant cognitive decline
and subsequent fracture risk was estimated using Cox propor-
tional hazards models. Time to fracture was calculated from the
year 5 visit to first incident fracture, or death, or end of the study,

whichever came first. The fracture risk model was adjusted for
baseline characteristics, as well as other factors that may impact
fracture risk such as the decline in weight,(18) height,(19) bone
density, and SF-36 components. The latter parameters were
fitted both as continuous and categorical variables (worst quar-
tiles vs. the remainder three quartiles). Only the categorical vari-
ables were associated with fracture risk and thus presented in
Results. Interactions between declines in cognitive function,
bone loss, and quality of life scores were assessed but none
reached statistical significance.

Finally, we explored whether significant cognitive decline was
associated with specific fracture types. Due to the small number
of participants only two fracture groups were analyzed: (i) hip
and vertebral; and (ii) NHNV. These models were also adjusted
for all parameters included in the fracture risk model.

Sensitivity analysis

Of the total 581 fractures observed in women, 486 fractures were
confirmed by x-ray report and included in the analysis. Of the
remainder, participants with the first incident fracture not con-
firmed, a further seven participants experienced a second radio-
logically confirmed fracture. Thus, in total 88 (19 hip/vertebral
and 69 NHNV) fractures were excluded. These fractures were
excluded as events, and the relevant participants included in
the nonfracture group. The association between significant cog-
nitive impairment and fracture risk was ascertained by Cox pro-
portional hazards model in a similar manner as described in
the previous section.

All statistical analyses were performed using SAS version 9.4
(SAS Institute, Inc.). A p value <0.05 was considered statistically
significant.

Results

Rates of BMD and MMSE between baseline and year 10

There were 1741 women (mean � SD age 71 � 5 years) and
620 men (mean � SD age 71 � 5) with at least two BMD
and two MMSE measurements enrolled in the CaMos included
in this study.

Women andmen experienced a similar and significant decline
in cognitive function during the first 10 years of follow-up
(�4.5% [95% CI, �5.2% to –3.9%] and �4.0% [95% CI, �5.1 to
�3.0%], for women and men, respectively; p = 0.42). Older age
at baseline was associated with a higher rate of cognitive decline
in both genders (Figure S1).

Similar to the cognitive function trajectory, BMD also declined
significantly for both genders, but was greater for women com-
pared to men (�3.4% [95% CI, �3.9% to �3.0%] and �4.7%
[95% CI, �5.5% to �4.0%], for women and men, respectively;
p= 0.03). Older age at baseline was also associated with a higher
rate of bone loss in both genders (Figure S1).

Women andmen in the highest quartile of bone loss (�0.89%/
year) were older, had a higher prevalence of hypertension and
cardiovascular disease, lower femoral neck BMD, and lower phys-
ical and mental scores at baseline SF-36 compared to those who
did not lose bone (Table 1, Table S1). In addition, womenwith the
highest rate of bone loss also reported more chronic pulmonary
disease, diabetes, and smoking, and were less likely to take hor-
mone therapy at baseline (Table 1).
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Association between longitudinal rates of cognitive
decline and bone loss

The longitudinal association between the rates of cognitive
decline and bone loss was determined using linear mixed-effect
models, with bone loss as the outcome. For women, bone loss
was significantly associated with cognitive decline in both age-
adjusted (7.01 [95% CI, 3.74 to 10.56] for each%decline inMMSE)
andmultivariable-adjustedmodels (6.49 [95% CI, 3.17 to 9.92] for
each % decline in MMSE from baseline) (Table 2). Other signifi-
cant predictors of bone loss were older age, presence of prior
fracture, cancer, lack of regular physical activity, and lower phys-
ical scores on SF-36; whereas presence of diabetes at baseline
was a predictor of increasing bone mass. For men, although
there was a similar trend of more rapid bone loss being associ-
ated with more rapid cognitive decline, the magnitude of
association was very small and not statistically significant (0.58
[95% CI, �3.91 to 5.28]; p = 0.80). (Table S2).

Given that this study was unable to ascertain the direction of
the association between cognitive decline and bone loss, we
constructed an exploratory analysis that modeled the rate of
cognitive decline as the outcome. Similar to the previous model,
in women, the rate of cognitive decline was significantly associ-
ated with bone loss. However, given the more modest decline
in BMD compared to MMSE (Figure S1), 1% decline in BMD
resulted in a lesser although significant decline in MMSE (multi-
variable adjusted model 2.8% decline in MMSE [95% CI, 1.1% to
4.7%] for each% decline in BMD) after adjustment for all baseline

characteristics. In men, cognitive decline and bone loss had a
similar magnitude of association as in women, but was not statis-
tically significant (2.0% [95% CI, �1.1% to 5.1%] for each %
decline in BMD). Other independent factors associated with sig-
nificant cognitive decline were age, university education, height,
and mental score in both genders (Table S3). In women, cogni-
tive decline was also predicted by lower physical activity, and
in men by smoking. These findings suggest both cognitive
decline and bone loss are associated in a bidirectional manner
for women. In men, the trend of association appears to be also
bidirectional; however, the magnitude of association indicates
that only cognitive decline analyzed as the outcome may be of
clinical importance.

The association between significant cognitive decline and
fracture risk

The association between significant cognitive decline, defined as
a loss of at least three points on MMSE in the first 5 years, and
subsequent fracture risk during the following 10 years of
follow-up was estimated in the 2178 subjects (1608 women
and 570 men), who had both BMD and MMSE measurements
at baseline and year 5. Of these, approximately 12% (n = 272)
experienced significant decline in MMSE score during the first
5 study years. Given the small number of men with significant
cognitive decline (n = 86), this analysis was only performed in
women.

Table 1. Baseline characteristics for women classified according to most rapid quartile of bone loss

Characteristic
Overall

(n = 1741)
Rapid bone loss (> �0.89%/

year) (n = 441)
No bone loss (< �0.89%/year)

(n = 1300) p

Baseline characteristic
Age (years), mean � SD 71.0 � 4.7 72.0 � 5.1 70.6 � 4.5 <0.0001
University education, n (%) 366 (21.0) 92 (20.9) 274 (21.1) 0.92
Weight (kg), mean � SD 67.7 � 12.5 69.4 � 13.9 67.1 � 11.9 0.0006
Height (cm), mean � SD 158.8 � 6.2 158.6 � 6.4 158.8 � 6.1 0.46
Prior fracture, n (%) 564 (32.3) 157 (35.6) 407 (31.3) 0.10

Comorbidities, n (%)
Hypertension 641 (36.8) 182 (41.4) 459 (35.4) 0.03
Chronic pulmonary disease 150 (8.6) 53 (12.7) 97 (8.1) 0.005
Diabetes mellitus 100 (5.7) 33 (7.5) 67 (5.2) 0.07
Cancer 126 (7.2) 38 (8.6) 88 (6.8) 0.2
Cardiovascular 166 (9.5) 62 (14.1) 104 (8) 0.0002
Neurological 49 (2.8) 12 (2.7) 37 (2.9) 0.89

Vitamin D use, n (%) 648 (37.2) 156 (35.4) 492 (37.9) 0.35
Hormone therapy, n (%) 344 (19.8) 76 (17.2) 268 (20.6) 0.12
Bisphosphonate, n (%) 65 (3.7) 17 (3.9) 48 (3.7) 0.88
Physical activity, n (%) 1089 (62.0) 263 (59.6) 817 (62.9) 0.23
Current smoking, n (%) 167 (9.6) 53 (12.0) 114 (8.8) 0.05
Femoral neck BMD (g/cm2),
mean � SD

0.66 � 0.11 0.68 � 0.11 0.66 � 0.10 <0.0001

Physical score (SF-36),
mean � SD

46.1 � 9.6 45.1 � 9.5 46.5 � 9.6 0.009

Mental score (SF-36),
mean � SD

54.2 � 8.2 54.3 � 7.9 53.6 � 8.9 0.11

Normal cognition (MMSE ≥24),
n (%)

1689 (97.0) 426 (96.6) 1263 (97.2) 0.36

Note: Missing values (weight and height, n= 16; hypertension, n= 5; chronic pulmonary disease, n= 171; diabetes, n= 1; BMD, n= 61; SF physical and
mental score, n = 16).
Abbreviations: BMD, bone mineral density; MMSE, Mini Mental State Examination; SF-36, Short Form 36 Health Survey.
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Longitudinal association between significant cognitive decline with
decline in functional and anthropometric measurements

Under the assumption that a significant cognitive decline is asso-
ciated with decline in other parameters, we first assessed the

change in available physical and anthropometric measurements

between baseline and year 5 and evaluated their relationship

with significant cognitive decline. Compared to women without

cognitive function loss, womenwith significant cognitive decline

Table 2. Predictors of bone loss for women derived from the linear mixed effect model

Rates of bone loss from baseline (95% CI)

Covariates Age-adjusted Multivariable adjustedb

Rate of cognitive decline from baseline (�1%) 7.10 (3.74 to 10.56) 6.49 (3.17 to 9.92)
Age (+5 years) 3.37 (2.57 to 4.17) 2.06 (1.31 to 2.82)
University educationa �0.05 (�1.81 to 1.74) �0.97 (�2.56 to 0.65)
Weight (�5 kg) 2.40 (2.12 to 2.67) 2.21 (1.91 to 2.51)
Height (�5 cm) 1.86 (1.28 to 2.45) 0.55 (�0.01 to 1.11)
Prior fracturea 4.40 (2.80 to 6.02) 4.71 (3.23 to 6.21)
Comorbiditiesa

Hypertension �3.58 (�4.96 to �2.17) �2.09 (�3.40 to �0.75)
Chronic pulmonary disease �0.06 (�2.05 to 1.98) 0.31 (�1.55 to 2.20)
Diabetes mellitus �5.84 (�8.03 to �3.60) �3.51 (�5.60 to �1.36)
Cancer �2.94 (�5.62 to �0.19) �2.14 (�4.60 to 0.39)
Cardiovascular �0.74 (�3.18 to 1.75) �0.42 (�2.67 to 1.88)
Neurological 4.08 (0.17 to 8.14) 3.73 (0.16 to 7.42)

Regular physical activitya �0.90 (�2.37 to 0.59) �1.40 (�2.75 to �0.02)
Current smokinga 4.15 (1.62 to 6.75) 2.43 (0.13 to 4.79)
Physical score (SF-36) (+10) 1.10 (0.40 to 1.81) 0.13 (�0.55 to 0.82
Mental score (SF-36) (+10) �0.48 (�1.33 to 0.38) �0.40 (�1.18 to 0.38)

Note: Bold values are significantly different at p value <0.05.
Abbreviations: CI, confidence interval; SF-36, Short Form 36 Health Survey.
aMultivariable model included all variables presented in the table.
bYes versus no.

Table 3. Risk of any fracture (years 5–15) for women with cognitive decline compared to women without cognitive decline (years 0
and 5)

Parameter
Fracture
(n = 382)

No fracture
(n = 1226)

Age-adjusted HR
(95% CI)

Multivariable adjusted HRc

(95% CI)

Cognitive decline, n (%)a 50 (13) 136 (11) 1.68 (1.16–2.43) 1.61 (1.11–2.34)
Bone loss, n (%)b 185 (63) 533 (58) 1.25 (1.04–1.52) 1.25 (0.97–1.60)
Age (+ 5 years), mean � SD 72 � 5 71 � 5 1.21 (1.07–1.37) 1.12 (0.98–1.27)
University education, n (%) 94 (25) 236 (19) 1.31 (1.03–1.67) 1.25 (0.95–1.64)
Prior fracture, n (%) 200 (52) 451 (37) 1.55 (1.25–1.91) 1.49 (1.16–1.90)
Comorbidities, n (%)

Hypertension 214 (56) 676 (55) 1.05 (0.85–1.30) 1.08 (0.84–1.38)
Chronic pulmonary disease 55 (14) 199 (16) 0.98 (0.73–1.31) 0.91 (0.64–1.28)
Diabetes mellitus 38 (10) 149 (12) 0.96 (0.68–1.34) 0.88 (0.58–1.33)
Cancer 72 (19) 263 (22) 0.90 (0.69–1.17) 0.90 (0.67–1.21)
Cardiovascular 78 (20) 245 (20) 1.10 (0.85–1.42) 1.14 (0.85–1.54)
Neurological 19 (5) 41 (3) 2.29 (1.38–3.8) 2.22 (1.33–3.71)

Current smoking at
baseline, n (%)

35 (9) 121 (10) 1.02 (0.70–1.48) 0.96 (0.61–1.51)

Weight loss, n (%)b 105 (30) 335 (31) 1.04 (0.81–1.32) 1.10 (0.84–1.45)
Physical score (SF-36)
decline, n (%)b

126 (34) 347 (29) 1.29 (1.03–1.62) 1.19 (0.91–1.56)

Mental score (SF-36)
decline, n (%)b

92 (24) 297 (24) 1.02 (0.80–1.31) 1.13 (0.50–1.50)

Note: Bold values are significantly different at p value <0.05.
Abbreviations: CI, confidence interval; HR, hazard ratio; MMSE, Mini Mental State Examination; SF-36, Short Form 36 Health Survey.
aMultivariable model included all variables in the table.
bDecline ≥3 MMSE points between baseline and year 5.
cQuartile corresponding to the highest decline (≤ �1%/year).
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(n= 186), also experienced a higher rate of bone loss (most rapid

bone loss quartile, 34% vs. 24%; p= 0.008), weight loss (greatest

weight loss quartile: 36% vs. 27%; p = 0.02), decline in the phys-

ical component of SF-36 (highest quartile of decline 37% vs. 27%;

p= 0.006), and mental component of SF-36 (most rapid decline:

34% vs. 23%; p = 0.002) during the first 5 study years.

Association between cognitive decline and fracture risk

After adjustment for age, significant cognitive decline was asso-
ciated with ~68% (age-adjusted HR 1.68; 95% CI, 1.16–2.43) risk
of osteoporotic fracture. Other risk factors for osteoporotic frac-
ture in age-adjusted models were prior fracture, neurological
conditions, lower level of education, and having a greater bone
loss and change in the physical component of SF-36 between
baseline and year 5. After multivariable adjustment, the associa-
tion between cognitive decline and fracture risk was only slightly
attenuated (multivariable HR 1.61; 95% CI, 1.11–2.34) (Table 3,
Figure 2). Other independent predictors for fracture risk in the
multivariable model were prior fracture, neurological conditions,
and greater bone loss.

A further analysis according to fracture type, demonstrated
that individuals with significant cognitive decline had ~96%
higher risk of hip and vertebral fracture (multivariable HR 1.96;
95% CI, 1.05–3.67) and ~ 57% higher risk of NHNV although this
latter only reached marginally statistical significance after multi-
variable adjustment (HR 1.57; 95% CI, 0.99–2.48).

Sensitivity analyses—exclusion of non-adjudicated
fractures

Similar findings, but with slightly higher magnitude, were
observed in an analysis which included only fractures confirmed
by x-ray report (~85% of the total fractures). In this analysis, cog-
nitive decline was associated with ~84% risk of osteoporotic frac-
ture (adjusted HR 1.84; 95% CI, 1.24–2.73) after adjusting for all
potential confounding effect, including bone loss and decline
in SF-36 mental and physical performance components. The
higher magnitude of association is most likely due to the exclu-
sion of less severe fracture (78% of not-confirmed fractures were
NHNV fracture).

Discussion

This study reports a positive association between the rates of
cognitive decline and bone loss in community dwelling women
without dementia. Both women and men experienced signifi-
cant declines in the rates of femoral neck BMD and cognitive
decline over 10 years of follow-up. Despite these significant
declines, the association between cognitive decline and bone
loss was observed only for women. A decline in cognitive func-
tion by 1% over the 10 years follow-up was associated with a
decline in bone loss by ~6% during the same time interval, after
adjustment for age, education, comorbidities, and lifestyle fac-
tors. By contrast, in men, there was no association between cog-
nitive function and BMD beyond that expected by the normal
aging process. A further analysis also showed that women who
experienced a significant cognitive decline (≥3 points on the
MMSE) during the first 5 study years, had an ~68% increased risk
of fracture over the next 10 years, which was only mildly attenu-
ated after adjustment for the concomitant loss in BMD, weight,
and SF-36 components, as well as baseline variables associated
with fracture risk BMD, falls, prior fracture, and comorbidities.

The novelty of this study resides in a comprehensive assess-
ment of the relationship between trajectories of bone loss and
cognitive decline over a 10-year interval. By contrast, the major-
ity of the previous studies on this topic are mainly based on
cross-sectional examination of the association between low
BMD and low MMSE.(12,20) Findings from these studies, although
important, are limited in interpretation because a single low
MMSE test is insufficient to predict those who will transition to
cognitive impairment and further to dementia. Thus, findings
from the current study provide stronger evidence for a potential
causal association between osteoporosis and dementia.

This study contributes to the limited evidence of a positive
association between low BMD and cognitive performance in
elderly women. Two previous studies(11,12) reported that either
low BMD or bone loss predicted subsequent cognitive decline.
In the “In CHIANTI” study, baseline cortical, but not trabecular
tibial BMD estimated by peripheral quantitative computed
tomography was associated with incident cognitive impairment
and worsening of cognitive performance.(12) Researchers from
the Study of Osteoporotic Fractures reported that the highest
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Fig. 2. Unadjusted andmultivariable adjusted Kaplan-Meier fracture free probability curves for womenwith cognitive decline compared to womenwith-
out cognitive decline (years 0 and 5). Abbreviation: MMSE, Mini Mental State Examination.
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rate of hip bone loss during the first 6 study years was associated
with significant cognitive decline in the subsequent 4 years, and
the association was not mediated by weight loss or the presence
of apolipoprotein E (ApoE) ϵ4.(11) Although, in the current study,
the main outcome was bone loss, a similar positive and signifi-
cant relationship was observed when the outcome was switched
to cognitive decline, suggesting that the relationship between
these two parameters could be bidirectional.

The pathological mechanisms behind this association are not
known. One possible explanation could be that the association
between bone loss and cognitive decline in women may be trig-
gered by common predictors. Estrogen deficiency is indepen-
dently associated with bone loss and cognitive decline and
may play a role in mediating the association between these
two parameters.(21) Hormone therapy has a proven positive asso-
ciation with BMD and some evidence suggests that they may
also improve cognition in postmenopausal women.(22,23) It is
not clear from the current study whether bone loss and cognitive
decline are triggered by common factors or whether one causes
the other.

This study is the first to our knowledge to report the associa-
tion between the trajectories of BMD and cognitive performance
in elderly men, albeit not a significant association. In this study,
men experienced similar significant declines in the rates of bone
loss and cognitive function during the 10 years of follow-up as
women. However, in men, the association between the rates of
bone loss and cognitive decline disappeared after age adjust-
ment, indicating that the similar pattern of the two rates could
simply be epiphenomena of the aging process.(11) The reason
for this gender difference is not clear; although, if estrogen is a
common mediator, this may be a potential partial explanation.
It is also possible that the findings from this study may simply
be underpowered due the small sample size for men. Further
larger studies are needed to confirm or not the association
between bone loss and cognitive decline in men.

This study also demonstrated that women with significant
cognitive decline have increased fracture risk, independent of
the concomitant bone loss. Interestingly, a clinically significant
decline in the cognitive function was associated with
significant concomitant deterioration not only in bone mass
but also weight, and physical and mental SF-36 scores. Notably,
the contribution of cognitive decline on subsequent fracture risk
was independent of these factors. Importantly, the risk was ele-
vated not only for hip and vertebral but also for NHNV fractures.
Although the association between cognitive decline and fracture
risk has not been previously reported, the high prevalence of
cognitive deficit and dementia among hip fracture patients is
well known.(4) It is thus possible that bone loss and cognitive
decline are associated with a myriad of adverse conditions
(e.g., weight loss, decline in quality of life), which leads to
increased fracture risk. Furthermore, cognitive decline has been
associated with increased risk of falling, which may also contrib-
ute to fracture risk.(24) It is also not known, but worth investigat-
ing, whether these associations progress further and contribute
to early dementia development.

Although the mechanisms of the association between bone
loss and worsening of cognitive performance are not known,
there are plausible explanations supported by preliminary data.
Chronic systemic inflammation that increases with age has been
separately associated with bone loss and cognitive decline. Pro-
inflammatory cytokines, such as tumor necrosis factor alpha
(TNF-alpha), interleukin 6 (IL-6), and IL-12 are associated with
increased bone loss.(25) Furthermore, bone resorption also

contributes to the release of inflammatory cytokines leading to
a vicious cycle of inflammation and bone resorption. On the
other hand, there is compelling evidence that systemic
inflammation may be associated with cognitive decline. In a
cross-sectional study of over 800 women and men enrolled in
the Sydney Memory and Ageing Study (MAS), markers of
systemic inflammation such as raised levels of IL-12 and IL-6
were associated with reduced performance in processing speed,
particularly for women.(26) Additionally, in a recent study of
patients undergoing total hip replacement for fragility fracture
of the hip, we identified that bone expression of the Alzheimer
disease/dementia-related genes APP and BACE1 correlated posi-
tively with bone resorption genes RANKL/TNFSF11 and TRAP/
ACP5, and negatively with the radiographic and surrogate
measure for bone loss at the femoral neck, lateral cortical
thickness,(27) supportive of common molecular pathways of the
development of dementia and osteoporosis, an emerging area
requiring further study.

This study has several strengths. The large number of
repeatedmeasurements allowed the estimation of the individual
trajectories and the temporal association between bone loss and
cognitive decline over 10 years. Moreover, the adjustment for a
large number of factors related to both BMD and cognitive per-
formance meant that the association observed between the
deterioration of these parameters is likely to be true and beyond
what is expected by the aging process. However, this study has
some limitations. First, a large number of participants were
excluded because they lacked two BMD and two MMSE mea-
surements. The groups of participants excluded were older,
sicker (more comorbidities, lower BMD and MMSE), and had
worse lifestyle habits (higher prevalence of smokers and lower
prevalence of regular physical activity). Nevertheless, the exclu-
sion of this “sicker” group most likely underestimated our find-
ings. Second, cognitive performance was only measured using
the MMSE test, which does not provide accurate measurement
of memory and executive function and is never used as a
stand-alone test in dementia diagnosis.(28) Further studies are
needed to determine whether the decline in MMSE trajectories
could be useful in monitoring the transition from mild cognitive
impairment to dementia. Furthermore, in men, the analysis of
the association between cognitive decline and bone loss was
underpowered, and the association with fracture risk could not
be performed in men due to the small sample size. Last, informa-
tion on incident dementia was not documented in this study.
Thus, we do not know whether or when people with significant
cognitive decline developed dementia during the follow-up.

In summary, this study indicated that in women the rate of
cognitive decline was significantly associated with bone loss,
independent of age, education, comorbidities, and lifestyle fac-
tors. Notably, the relationship between bone loss and cognitive
decline was bidirectional with no evidence of one preceding
the other. Furthermore, a significant cognitive decline over
5 years was associated with an increased risk not only of hip
and vertebral but also NHNV fractures over the subsequent
10 years. Importantly, fracture risk appeared to be only partly
mediated by the concomitant increased rate of bone loss. Men,
similar to women, experienced significant cognitive decline
and bone loss during the study follow-up. However, the sample
size was too small to accurately ascertain the relationship
between the trajectories of bone mass and cognitive function.

These studies suggest that the relationship between bone
loss, cognitive decline and fracture risk in women is driven by
shared risk factors. Further mechanistic pathways are needed
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to understand the complex relationship between osteoporosis
and dementia and the contributors of fracture risk in cognitively
impaired people. This study failed to demonstrate a relationship
between cognitive decline and bone loss in the relatively small
cohort of men Thus, further studies, involving larger cohorts of
men are needed to confirm or refute any association.
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