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Aim: The authors aimed to conduct a meta-analysis to determine if acetylcholinesterase inhibitors may pose a direct threat,
increasing the incidence of fractures in dementia patients.
Methods: PubMed, Scopus, and Cochrane Library were searched. Inclusion criteria were any original studies that demonstrated
the link between acetylcholinesterase inhibitors and the incidence of fracture in patients with dementia. RevMan(5.4) was used.
Results: Seven observational studies were included. The total number of patients included in the acetylcholinesterase inhibitors
group is 274 332 and 290 347 in the control group. The pooled analysis showed that the risk of bone fracture was not statistically
different between dementia patients who received acetylcholinesterase inhibitors and those who did not receive them (odds
ratio= 1.44, CI 0.95, 2.19, P=0.09). Subgroup analysis showed no statistically significant difference between dementia patients
who took acetylcholinesterase inhibitors, and those who didn’t take acetylcholinesterase inhibitors in those more than or equal to
80 years old and those less than 80 years old (P=0.44) and (P=0.34) respectively. However, our results showed a statistically
significant association between dementia patients who received acetylcholinesterase inhibitors and decreased fracture risk in those
receiving the treatment for more than or less than 2 years (risk ratio=0.48, CI= 0.45, 0.51, P<0.00001) and (risk ratio= 0.84, CI
0.70, 0.99, P= 0.04), respectively.
Conclusion: Our study revealed no role for acetylcholinesterase inhibitors in increasing the risk of fracture compared with controls.
Hence, based on our analysis, theymight have a protective role against fracture when used for long periods considering their positive
action on bone growth and development. Therefore, Acetylcholinesterase inhibitors could be considered a safe option for improving
cognitive functions in elderly demented patients without carrying any additional risks.
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Introduction

Acetylcholinesterase inhibitors are a class of medications that
prevent acetylcholine breakdown and thereby improve choli-
nergic signalling[1]. Since the mid-1990s, these medications have
been widely utilized in the management of Alzheimer’s disease
(AD) and other dementias. Degeneration of neuronal circuits and
poor neurotransmission in the afflicted brain regions are thought
to be the causes of the symptoms of all varieties of dementia[2].

Acetylcholine levels in the brain, notably in the temporal and
parietal neocortex and hippocampus, are decreasing as a result of
the gradual death of cholinergic neurons that occurs in indivi-
duals with probable AD[3,4]. Hence, both AD and vascular
dementia individuals have cholinergic impairments in their
brains[5,6]. These findings imply that cholinergic function
impairment contributes to the symptoms of all three types of
dementia and that all dementia patients, regardless of the ultimate
autopsy diagnosis, may benefit from cholinergic replacement
treatment. Doctors have first implemented cholinergic medica-
tions as a first line of treatment for AD since the release of the first
acetylcholinesterase inhibitor in 1997[7]. These drugs include
donepezil, galantamine, and rivastigmine. According to research,
they all can modestly slow the decline in cognitive functions in
those with mild to severe Alzheimer’s disease[7]. These medica-
tions act by inhibiting the acetylcholine breakdown which is a
crucial neurotransmitter linked to memory. As an illustration,
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some Alzheimer’s patients who routinely used one of these drugs
reported having easier recalls. More specifically, using galanta-
mine as an example, around 14 out of every 100 users report
improvements in their memory and cognitive abilities[8].

The activity of the autonomic nervous system’s two arms, the
adrenergic and cholinergic systems, appears to govern bone
remodelling[9]. The adrenergic system’s activation has a catabolic
effect on bone[10–13]. Therefore, drugs that block the adrenergic
signal enhance bone mineral density in humans[14], consequently
lowering the incidence of fractures in humans[15]. The cholinergic
system, on the other hand, has an anabolic impact on bone
growth[9]. Laboratory research has revealed that cholinergic
agonists (e.g. nicotinic and muscarinic) may promote the growth
of osteocytes[16,17]. Investigations on mouse models have shown
that the loss of certain cholinergic receptors (muscarinic-3
receptor and nicotinic subtype-2) is linked to bone loss[18,19].
Indeed, mice with deletion nicotinic subtype-2 receptors are
osteoporotic because the interleukin-1 signal in the central ner-
vous system is reduced, resulting in very low levels of vesicular
acetylcholine transporter and an increase in the number of
osteoclasts[18]. Mice with knockout muscarinic-3 receptors, on
the other hand, are osteoporotic due to an increase in the number
of osteoclasts and a decrease in the number of osteoblasts[19].
These findings show that cholinergic agonists, such as acet-
ylcholinesterase inhibitors, may have a beneficial effect on bone
mass in people[20]. Additionally, Studies conducted on mice
treated with donepezil demonstrate an increase in total bonemass
and overall energy[20] perhaps by preventing osteoclast differ-
entiation (Fig. 1) brought on by receptor activator of NF-B
ligand[21]. In light of these findings, a small number of studies in
humans reported that acetylcholinesterase inhibitors may pro-
vide protection against fractures, speed up bone healing, and
decrease post-hip fracture sequelae and all-cause mortality[22–24].
By the inhibition of osteoclasts and bone resorption, pyr-
idostigmine, a peripherally active acetylcholinesterase inhibitors,
increases acetylcholine levels and increases trabecular bone

density in mice[25]. Therefore, acetylcholinesterase inhibitors
usage may be associated with better bone health[26]. However,
independently, dementia doubles the risk of hip fracture[27]. We
found conflicting evidence from studies on the relationship
between dementia and the likelihood of fractures at various
locations, such as the wrist and vertebra[28]. In 2020, a case-
control study found that acetylcholinesterase inhibitors use did
not correlate with reducing the likelihood of osteoporotic frac-
tures in patients with AD; rather, it was associated with a mildly
elevated risk of osteoporotic fractures[29]. As a result, we aimed to
perform this meta-analysis to resolve the conflict and determine
the actual association between acetylcholinesterase inhibitors and
the risk of fracture in demented patients.

Methods

Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines and the Cochrane Handbook
were followed to perform this meta-analysis[30]. The Meta-ana-
lysis has been rated as high quality according to the AMSTAR 2
(Assessing the methodological quality of systematic reviews)
Guidelines.

Study design

This is a meta-analysis study that aimed to investigate the asso-
ciation between acetylcholinesterase inhibitors medication and
fracture risk in patients with dementia.

Search strategy

The protocol of the review was published on PROSPERO
(CRD42023439441) before the literature search https://www.crd.
york.ac.uk/prospero/#recordDetails. A literature search of the fol-
lowing databases (PubMed, Scopus, and Web of Science) on the
11th of November 2022, using key terms such as
(“Acetylcholinesterase Inhibitors” OR “anticholinesterase”) AND

Figure 1. The effect of acetylcholinesterase inhibitors on improving bone density.
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(“dementia” OR “Alzheimer disease”), (“Acetylcholinesterase
Inhibitors” OR “anticholinesterase”) AND (“dementia” OR
“Alzheimer disease”), (“Acetylcholinesterase Inhibitors”) AND
(“dementia”).

Eligibility criteria

Any randomized control trials and controlled observational stu-
dies, such as cross-sectional, prospective, or retrospective cohort,
and case-control studies that demonstrated the link between
acetylcholinesterase inhibitors and the incidence of fracture in
people with dementia as compared to a control group taking a
placebo or no medication at all. So, the PICO was:
Population: Patients with dementia.
Intervention: Acetylcholinesterase inhibitors.
control: placebo or no drug at all.
outcome: Fracture.

Exclusion criteria

Animal studies, post-mortem studies, case reports, case series,
editorials, and reviews were all dismissed.

Study selection process

Two independent authors screened the titles and abstracts of the
studies according to our criteria. If a consensus is not achieved,
the first author resolved any disagreements among authors.

Data extraction and management

Members of our team were each assigned several studies for data
extraction, where each study was extracted by two reviewers
independently. The data were then compared to confirm
accuracy.

For the baseline and summary, the following data were
extracted from the eligible studies: the first author of the study,
year of publication, study design, duration of the study,
number of participants, age of participants, sex of participants,
BMI of participants, their smoking status and alcohol abuse,
history of falls, other comorbidities, and co-administered
medications.

For the outcomes, the following data were extracted: the
overall fracture risk. Additional subgroup analysis of fracture risk
by age and treatment duration was conducted.

Data extraction for the results was done by two authors, and
the first author resolved any disagreements.

Quality assessment

Newcastle–Ottawa scale tool (NOS) was used to assess the
quality, with a total score of eight points for case-control studies
and five, six, seven, and nine points for cohort studies, to evaluate
the quality of observational studies. Each study was ranked as
good, fair, or poor quality according to its score.

Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
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Data synthesis

Data were analyzed using RevMan software, version 5.4.
Dichotomous data were presented as risk ratio (RR) and odds
ratio (OR) with a 95% CI. If no heterogeneity was observed,
results were presented in a fixed effect model, and a random effect
model was used if significant heterogeneity was observed.
Sensitivity analysis (leave-one-out test and subgroup analysis)
will be used to resolve the heterogeneity if detected. Results were
considered significant if the P value was less than 0.05.

Results

Literature search

After a comprehensive search of the literature, 2646 studies
resulted and then 1888 became eligible for title and abstract
screening after removal of duplicates. Of the 1888, 1874 were
irrelevant and 14 studies were eligible for full-text screening.
Finally, eight studies were included in the meta-analysis after the
full-text screening[23,24,29,31–35], as shown in the PRISMA in
Fig. 2.

The overall quality was good in seven studies and fair in one
study included in the analysis as shown in Table 1.

The total number of patients included in the study is 564 679
patients with a mean age of 79 years old, 274 332 dementia
patients who received acetylcholinesterase inhibitors, and
290 347 dementia patients who didn’t receive acetylcholinester-
ase inhibitors. The most commonly used acetylcholinesterase
inhibitors combination was rivastigmine, donepezil, and galan-
tamine. Other baseline data are shown in Table 2 and supple-
mentary material (Supplementary Table S1, http://links.lww.
com/MS9/A414) respectively.

Outcomes

Fracture risk

The pooled analysis showed no statistically significant difference
between dementia patients who received acetylcholinesterase
inhibitors, and dementia patients who didn’t receive
acetylcholinesterase inhibitors (OR=1.44, CI= 0.95-2.19,
P value=0.09). We detected a significant heterogeneity among
studies that wasn’t resolved by leave-one-out test (P< 0.00001,
I²=99%) as shown in Fig. 3.

Fracture risk age subgroup analysis

80 or more: The pooled analysis showed no statistically sig-
nificant difference between dementia patients who received
acetylcholinesterase inhibitors, and dementia patients who didn’t
receive acetylcholinesterase inhibitors (OR= 1.35, CI 0.63, 2.86,
P= 0.44). We detected a significant heterogeneity among studies
that wasn’t resolved by leave-one-out test (P< 0.00001,
I²=99%) as shown in Fig. 4.

Less than 80: The pooled analysis showed no statistically sig-
nificant difference between dementia patients who received
acetylcholinesterase inhibitors, and dementia patients who didn’t
receive acetylcholinesterase inhibitors (OR= 1.85, CI 0.52, 6.54,
P= 0.34). We detected a significant heterogeneity among studies
that wasn’t resolved by leave-one-out test (P< 0.00001,
I²=100%) as shown in Fig. 4.
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Table 2
Baseline characteristics describing the population of the included studies

No. patients in
each group Age (years) Sex (n) Comorbidites and medical conditions Medications BMI

Smoking/
alchol

Duration of
Alzheimer
disease

History of
falls

AChEIs users Non-users

ID
AChEIs
users

Non-
users

AChEIs
users

Non-
users Female Male Female Male AChEIs users Non-users AChEIs users Non-users

AChEIs
users

Non-
users

AChEIs
users

Non-
users

AChEIs
users

Non-
users

AChEIs
users

Non-
users

Won et al.
2020[29]

2385 7085 77 77 1719 666 5104 1981 CVD 987
CKD 35
COPD 401
DM 539
Hyperlipidemia 142
Hypertension 1224

CVD 2969
CKDe 161
COPD 940
DM 1421
Hyperlipidemia 226
Hypertension 1224

TCA 299
SSRIs 313
Benzodiazepines

1225
Opioids 1176
Corticosteroids 739
Statins 423
Memantine 257

TCA 672
SSRIs 679
Benzodiazepines 3040
Opioids 2083
Corticosteroids 1574
Statins 832
Memantine 147

NA NA 233 391 NA NA NA NA

Ogunwale
et al.
2020[31]

152 274 207 741 75.8 (6.1) 75.4 (6.5) NA NA NA NA Rheumatoid arthritis
(%) 0.5

Malabsorption (%)
0.4

Chronic lung
disease (%) 26.1

Chronic liver
disease (%) 6.8

Stage 3–4 kidney
disease (%) 1.0

Congestive heart
failure (%) 16.9
1

Hyperthyroidism (%)
0.9

Diabetes (%) 32.9
Parkinson’s disease

(%) 7.1
Osteoarthritis (%)

33.2
Stroke (%) 1.2

Rheumatoid
arthritis (%) 0.6

Malabsorption (%)
0.6

Chronic lung
disease (%)
35.9

Chronic liver
disease (%)
11.2

Stage 3–4 kidney
disease (%) 1.9

Congestive heart
failure (%) 24.9

Hyperthyroidism
(%) 1.8

Diabetes (%) 37.2
Parkinson’s

disease (%) 5.4
Osteoarthritis (%)

38.9
Stroke (%) 2.2

Glucocorticoid (%)
1.2

Androgen deprivation
therapy (%) 0.0

Antiepileptic drugs
(%) 9.8

Proton pump
inhibitors (%)
40.7

SSRIs (%) 12.6
Others (%) 10.3
Opiates (%) 2.5
Any psychoactive

medication (%)
27.5

Glucocorticoid (%) 1.7
Androgen deprivation

therapy (%) 0.0
Antiepileptic drugs (%)

13.3
Proton pump inhibitors

(%) 40.4
SSRIs (%) 9.7
Others (%) 8.9
Opiates (%) 2.0
Any psychoactive

medication (%) 15.3

27.5 (4.4) 28.0 (4.8) Smoking
16.6

Chronic
alcohol
use (%)
19.0

Smoking
20.7

Chronic
alcohol
use (%)
20.0

NA NA NA NA

Niznik
2019

93 760 15 480 NA NA 71 978
(76.8)

21 781
(23.2)

12 223
(79.0)

3257
(21.0)

Cancer 3,798 (4.1)
Heart failure 4451

(15.4)
End Stage Renal

Disease 18 532
(9.1)

Short of breath
5969 (6.4)

Poor appetite
11,739 (12.5)

Weight loss 5297
(5.7)

Swallowing difficulty
3081 (3.3)

Mechanically
altered diet
49 631 (52.9)

IV/parenteral
nutrition or
feeding tube
2510 (2.7)

Cancer 664 (4.3)
Heart failure 2246

(14.5)
End Stage Renal

Disease 1428
(9.2)

Short of breath 953
(6.2)

Poor appetite 2751
(17.8)

Weight loss 1655
(10.7)

Swallowing
difficulty 709
(4.6)

Mechanically
altered diet
6710 (43.4)

IV/parenteral
nutrition or

Memantine 39 928
(42.6)

Benzodiazepine
13 013 (13.9)

Antipsychotic use
54 476 (22.6)

Antidepressant use
53 096 (56.6)

Highly
Anticholinergic
Drugs (Beers)
13 153 (14.0)

Memantine 4414
(28.5)

Benzodiazepine 1833
(11.8)

Antipsychotic use
2,853 (18.4)

Antidepressant use
7736 (50.0)

Highly Anticholinergic
Drugs (Beers) 1623
(10.5)

NA NA NA NA NA NA NA NA
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Table 2

(Continued)

No. patients in
each group Age (years) Sex (n) Comorbidites and medical conditions Medications BMI

Smoking/
alchol

Duration of
Alzheimer
disease

History of
falls

AChEIs users Non-users

ID
AChEIs
users

Non-
users

AChEIs
users

Non-
users Female Male Female Male AChEIs users Non-users AChEIs users Non-users

AChEIs
users

Non-
users

AChEIs
users

Non-
users

AChEIs
users

Non-
users

AChEIs
users

Non-
users

feeding tube
451 (2.9)

Tamimi
et al.
2018[24]

1190 4760 75 75 76.4 23.6 76.4 23.6 COPD 17.9
DM 7.8
Cardiac arrhythmia

7.7
Hemiplegia 0.3
Chronic liver

disease 0.6
Ischaemic heart

disease 2.9
Peptic ulcer 10.8
Renal diseases 2.6

COPD 17.8
DM 8.3
Cardiac arrhythmia

6.7
Hemiplegia 0.3
Chronic liver

disease 0.5
Ischaemic heart

disease 3.6
Peptic ulcer 10.8
Renal diseases 2.5

PPI 18.4
Statins 17.3
SSRI 18.9
Memantine 2.3

PPI 19.7
Statins 22.3
SSRI 15.7
Memantine 3.3

< 20:
18.0

20–24: 35.7
25–29: 20.3
≥ 30: 6.2
Unknown:

19.8

< 20:
13.2

20–24: 35.6
25–29: 23.2
≥ 30: 8.7
Unknown:

19.8

Current
10.7

Ex-smoker
24.5

Current
8.1

Ex-smoker
23.8

< 2:
29.4

2–6: 61.3
≥ 6: 9.3

< 2:
29.4

2–6:
61.3

≥ 6:
9.3

0.16± 0.47 0.10± 0.4

Tamimi
et al.
2017[23]

223 309 84.0± 7.0 84.6± 6.4 78.5 21.5 73.8 26.2 COPD 14.4
DM 9.4
CVD 9.9
Chronic liver

disease 0.5
IHD 83.0
PU 5.4
Renal diseases 2.2
Known Osteoporosis

3.1

COPD 18.5
DM 6.5
CVD 13.9
Chronic liver

disease 0.3
IHD 86.1
PU 10.0
Renal diseases 3.2
Known

Osteoporosis
2.6

PPI 21.5
Statins 19.3
SSRI 25.6
Hypnotics 39.5
Diuretics 13.5
ACE inhibitors 17.5
Pre-baseline use of

AChEIs 91.3

PPI 18.8
Statins 12.3
SSRI 20.4
Hypnotics 38.8
Diuretics 15.5
ACE inhibitors 10.4
Pre-baseline use of

AChEIs 40.8

< 20:
16.6

20–24: 29.2
25–29: 12.1
≥ 30: 4.0
Unknown:

38.1

< 20:
17.5

20–24: 33.0
25–29: 14.2
≥ 30: 2.9
Unknown:

32.4

Current:
1.8

Ex-smoker:
4.9

Current:
1.9

Ex-smoker:
5.5

< 2:
47.1

2-6: 46.6
≥ 6: 6.3

< 2:
35.9
2-6:
54.1
≥ 6:
10.0

37.7 42.1

Tamimi
et al.
2012[32]

1771 487 82.2± 4.5 83.5± 4.2 72
(70–74)

25
(22–28)

69
(65–73)

27
(22–33)

NA NA SSRI 19 (17–21) SSRI 26 (20–32) 26.0± 3.5 24.6± 4.3 1 (0–1) 1 (1–2) NA NA NA NA

Seitz et al.
2011[35]

624 624 83.89
(6.02)

83.96
(6.53)

480
(76.92)

NA 480
(76.92)

NA Stroke 140 (22.44)
1

PD 39 (6.25)
CHF 142 (22.76)
Angina 152 (24.36)
PrIor myocardial

Infarction 180
(28.85)

COPD 94 (15.06)
Pneumonia 129

(20.67)
CKD 52 (8.33)
Diabetes 159

(25.48)
Cancer 31 (4.97)

Stroke 143 (22.92)
PD 38 (6.09)
CHF 138 (22.12)
Angina 152 (24.36)
PrIor myocardial

Infarction 183
(29.33)

COPD 98(15.71)
Pneumonia 130

(20.83)
CKD 50 (8.01)
Diabetes 159

(25.48)
Cancer 27 (4.33)

antidepressants 265
(42.47)

antipsychotics 177
(28.37)

Benzodiazepines
133 (21.31)

antidepressants 248
(39.74)

antipsychotics 169
(27.08)

Benzodiazepines 140
(22.44)

NA NA NA NA 3.23
(2.31)

3.33
(2.61)

NA NA

Gill et al.
2009[33]

19 803 61 499 80.4 (6.3) 80.4 (7.4) NA NA NA NA CAD 8363 (42.2)
PE 64 (0.3)
Aortic valve stenosis

56
AF 4827 (24.4)
Conduction disorder

1086
Seizure disorder

608 (3.1)

CAD 28 916 (47.0)
PE 273 (0.4)
Aortic valve

stenosis 236
(0.4)

AF 17217 (28.0)
Conduction

disorder 4346
(7.1)

BB 4252 (21.5)
NDHP CCB 1493

(7.5)
Digoxin 1479 (7.5)
Conventional

antipsychotics
225 (1.1)

Atypical
antipsychotics

BB 13 693 (22.3)
NDHP CCB 4675 (7.6)
Digoxin 5610 (9.1)
Conventional

antipsychotics1117
(1.8)

Atypical antipsychotics
6101 (9.9)

Antiarrhythmics 1890

NA NA NA NA NA NA NA NA
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Permanent
pacemaker 314
(1.6)

Implantable
cardioverter

defibrillator 15 (0.1)
MI 1280 (6.5)
CHF 1255 (6.3)
PVD 440 (2.2)
CVD 1729 (8.7)
Chronic pulmonary

disease 1341
(6.8)

Connective tissue
disease 198
(1.0)

Ulcer disease 268
(1.4)

Mild liver disease 19
(0.1)

DM 1581 (8.0)
DM with end-organ

damage 177
(0.9)

Hemiplegia or
paraplegia 161
(0.8)

Moderate or severe
renal

disease 415 (2.1)
Primary cancer 819

(4.1)
Moderate or severe

liver
disease 16 (0.1)
Metastatic cancer

137 (0.7)

Seizure disorder
3578 (5.8)

Permanent
pacemaker
1091 (1.8)

Implantable
cardioverter

defibrillator 65 (0.1)
MI 5670 (9.2)
CHF 6921 (11.3)
PVD 2212 (3.6)
CVD 8706 (14.2)
Chronic pulmonary

disease 6882
(11.2)

Connective tissue
disease 906
(1.5)

Ulcer disease 1332
(2.2)

Mild liver disease
212 (0.3)

DM 6782 (11.0)
DM with end-organ

damage 1123
(1.8)

Hemiplegia or
paraplegia 1295
(2.1)

Moderate or severe
renal

disease 2529 (4.1)
Primary cancer )

3370 (5.5)
Moderate or severe

liver
disease 222 (0.4)
Metastatic cancer

864 (1.4)

2352 (11.9)
Antiarrhythmics 495

(2.5)
Anticonvulsants 530

(2.7)
Antidepressants

5177 (26.1)
Antimanic agents 78

(0.4)
Benzodiazepines

3624 (18.3)

(3.1)
Anticonvulsants 3022

(4.9)
Antidepressants 14

850 (24.1)
Antimanic agents 438

(0.7)
Benzodiazepines 14

127 (23.0)

AchEI, acetylcholinesterase inhibitor; NA, not applicable.
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Period of treatment subgroup analysis

More than 2 years: The pooled analysis showed a statistically
significant association between dementia patients who received
acetylcholinesterase inhibitors and decreased fracture risk (RR=
0.48, CI= 0.45, 0.51, P< 0.00001). We observed no significant
heterogeneity among studies (P=0.70, I²= 0%) as shown in
Fig. 5.

Less than 2 years: The pooled analysis showed a statistically
significant association between dementia patients who received
acetylcholinesterase inhibitors and decreased fracture risk
(RR= 0.84, CI 0.70, 0.99, P= 0.04). We detected a significant
heterogeneity among studies (P= 0.010, I²= 78%) as shown in
Figure 4, so we performed leave-one-out test by removing the
study (Tamimi2012), and the heterogeneity was solved
(P= 0.17, I²= 46%) and the results showed a statistically sig-
nificant association between dementia patients who received

acetylcholinesterase inhibitors, and decreased fracture risk
(RR= 0.88, CI= 0.82, 0.96, P= 0.002) as shown in Fig. 6.

Discussion

Dementia is characterized as a syndrome that includes any decline
in cognition notable enough to interfere with independent, daily
functioning. It is a serious health issue that affects elderly people
all over the world and has a wide range of effects on a person’s life
and the wider community[36]. To address the cholinergic
hypothesis of cognitive decline, acetylcholinesterase inhibitors
were developed and used. Numerous randomized controlled
trials have assessed these therapies’ efficacy in the functional,
global, cognitive, and neuropsychiatric domains[37]. Notably, it
showed that acetylcholinesterase inhibitors are associated with
reduced fracture risk among demented patients, in particular,
male patients[31]. In contrast, a cohort study conducted by

Figure 3. Fracture risk.

Figure 4. Fracture risk age subgroup analysis.
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Gill et al.[33] found that the use of acetylcholinesterase inhibitors
was associated with an increased risk of hip fractures. These
inconsistent results led to an unclear association between
increased cholinergic activation by acetylcholinesterase inhibitors
and the risk of fractures in dementia patients. Therefore, a careful
systematic review and meta-analysis were conducted to assess the
risk of bone fractures in dementia patients receiving acet-
ylcholinesterase inhibitors with dementia patients not receiving
acetylcholinesterase inhibitors. This meta-analysis included eight

studies and showed that the risk of bone fracture was not sta-
tistically different between dementia patients who received acet-
ylcholinesterase inhibitors and those who did not receive them
(P= 0.09). For the treatment of dementia, acetylcholinesterase
inhibitors, such as donepezil, rivastigmine, and galantamine, are
used to slow the deterioration of cognitive function. These med-
ications work by preventing acetylcholinesterase from breaking
down synaptic acetylcholine, hence raising synaptic acetylcholine
levels. The cholinergic system and acetylcholinesterase inhibitors

Figure 5. Period of treatment subgroup analysis.

Figure 6. Less than 2 years.
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are thought to play a role in the process of bone remodelling,
according to several studies[38]. Based on data from animal-based
research, giving mice pyridostigmine, a peripherally active acet-
ylcholinesterase inhibitor, increases acetylcholine levels and
increases trabecular bone mass by decreasing osteoclasts and
bone resorption[18]. The use of centrally acting acet-
ylcholinesterase inhibitors, such as donepezil and rivastigmine, is
linked to reduced risk of hip fracture in older patients
with dementia[32]. A cohort research looking at the use of
acetylcholinesterase inhibitors in dementia patients with hip
fractures reported a 56% decrease in all-cause mortality and
a 41% decrease in the risk of a second hip fracture[23].
Acetylcholinesterase inhibitor users demonstrated better radio-
graphic union at fracture sites, fewer healing complications, and
overall better bone quality in a retrospective study that looked at
the impact of acetylcholinesterase inhibitor use on fracture
healing among 49 dementia patients[39]. We also examined the
impact of age and duration of acetylcholinesterase inhibitor
treatment on the risk of bone fractures. The pooled analysis
showed no statistically significant difference in the risk of bone
fractures between dementia patients less than 80 years old and
those who were 80 years old or above. However, we detected a
statistically significant difference in the risk of bone fractures
between dementia patients who received treatment less than
2 years and more than 2 years.

The strengths and limitations

This study has several substantial strengths. It is, to the best of our
knowledge, the first meta-analysis to look into the relationship
between the usage of acetylcholinesterase inhibitors and bone
fractures in dementia patients. In addition, by examining the
effects of age and treatment duration, this study added to the
clinical evidence about the link between acetylcholinesterase
inhibitor use and bone fractures in dementia patients. The diverse
databases were investigated to select relevant papers.

Despite having several strengths, our study has its share of
limitations. First, the number of studies included in this meta-
analysis was limited. Second, because this meta-analysis was
based on published data, it is possible that publication bias
contributed to the irrelevant results being less representative.
Third, there was serious inter-study heterogeneity seen for several
results, which makes pooled analysis more complicated. In these
cases, we performed a subgroup analysis to examine the sources
of heterogeneity and we revealed that age was a source of het-
erogeneity. Substantial heterogeneity, which is expected in meta-
analysis studies, can change how results can be interpreted[40]. As
a result, careful consideration must be given to the present work’s
findings.

Future implications

The use of acetylcholinesterase inhibitors should not be pro-
hibited in dementia patients as they have a role in stabilizing, and
slowing down the progression of the disease without increasing
the risk of fracture. This might be attributed to the fact that
patients receiving acetylcholinesterase inhibitors have better
cognitive functions and correspondingly less risk of falls and
fractures or due to their anabolic effect on bones. Moreover, the
use of acetylcholinesterase inhibitors should not be subjected to
any age restriction. However, doctors who prescribe the

medication should pay more attention to the duration of treat-
ment rather than their side effects.

Strengths and limitations

The overall quality is good in most of the studies included in our
analysis. A good number of studies were subjected to analysis as
eight studies were included. Along with a decent sample size,
564 679 patients were included in our analysis.

Our study shows some limitations. For, example all the studies
included were non-randomized observational, not randomized
clinical trials, and hence might be subjected to bias. Prospective
multicenter studies are needed to further evaluate the relationship
between acetylcholinesterase inhibitors and the risk of fracture.
Moreover, statistically significant heterogeneity was detected in
all the outcomes and it was not resolved by leave-one-out test
which is considered a primary limitation of our analysis.

Conclusion

In comparison to controls, our investigations found no statisti-
cally significant association between acetylcholinesterase inhibi-
tors and an increased risk of fracture. Owing to their beneficial
effect on cognition, which will consequently minimize the like-
lihood of serious falls, acetylcholinesterase inhibitors prescription
is considered to be a safe method of reducing fracture risk in
elderly suffering from dementia via enhancing the anabolic effect
on bones. More multicenter studies are needed to support our
findings.
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