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Dementia and Hip Fractures:
Development of a Pathogenic Framework
for Understanding and Studying Risk
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Abstract
Dementia and hip fractures are 2 conditions that are seen primarily in older adults, and both are associated with substantial
morbidity and mortality. An individual with dementia is up to 3 times more likely than a cognitively intact older adult to
sustain a hip fracture. This may occur via several mechanisms, including (1) risk factors that are common to both outcomes;
(2) the presence of dementia increasing hip fracture incidence via intermediate risk factors, such as falls, osteoporosis, and
vitamin D; and (3) treatment of dementia causing side effects that increase hip fracture risk. We describe a model that applies
these 3 mechanisms to explain the relationship between dementia and hip fractures. Comprehensive understanding of these
pathways and their relative influence on the outcome of hip fracture will guide the development of effective interventions and
potentially improve prevention efforts.
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Introduction

Dementia and hip fractures are 2 conditions that are seen predo-

minantly in older adults, and particularly in the oldest old. Both

are associated with a high level of morbidity and mortality, as well

as financial and human cost, to the health care system, to patients,

and to caregivers. As the ‘‘gerontic boom’’ continues, with the

population over the age of 85 years continuing to be the fastest

growing segment of the United States, it is increasingly important

to understand these two conditions, their risk factors, and how

they impact each other. Insight into the relationship between

dementia and hip fractures will enable improved efforts to prevent

the adverse outcomes associated with these 2 conditions.

Dementia prevalence increases exponentially with age, from

3.0% among those aged 65 to 74 years to 18.7% among 75 to 84

year olds and 47.2% in individuals over the age of 85 years.1 It

is estimated that the prevalence of dementia worldwide will

double every 20 years, reaching over 81 million by 2040, likely

as a result of the growing older adult population.2 Dementia is a

progressive disorder of cognition that by definition interferes

with usual activities of daily life and social interaction.3 Indi-

viduals with moderate-to-severe cognitive impairment have a

relative risk of death of 2.3 compared with their cognitively

intact counterparts.4

Eighty-six percent of hip fractures occur in individuals

over the age of 65 years.5 At age 50 years, the lifetime risk

of sustaining a hip fracture is 15.6% and 5.6% for white and

black women, respectively, and 5.2% and 2.8% for white and

black men, respectively.6 Although there is some evidence that

age-adjusted incidence of hip fractures may be declining,7,8 the

rapid increase in the elderly population makes it possible that

the total number of hip fractures worldwide may increase from

1.7 million in 1990 to 6.3 million by 2050.9 A year following a

hip fracture, approximately one fourth of individuals who were

living in the community prior to the fracture require long-term

nursing home care,10 and only one half of hip fracture patients

regain their prefracture mobility.11 Mortality following a hip

fracture is 5-fold to 8-fold higher than in age- and sex-

matched controls in the 3 months following the fracture, but

excess mortality persists even after 10 years.12 Twenty percent

of patients die in the year following a hip fracture.13

Multimorbidity, or the development of multiple concomi-

tant chronic illnesses, increases with age. Fifty-four percent
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of individuals aged 65 to 69 years have 2 or more chronic con-

ditions, whereas 73% aged 85 years and more have multiple

chronic conditions.14 A chronic condition may be seen more

commonly in the presence of another condition for several rea-

sons, including (1) common causal pathways for 2 conditions

leading to increased frequency of co-occurrence (ie, shared risk

factors); (2) one condition increasing the risk of another, often

via intermediate risk factors; and (3) treatment for one condi-

tion worsening another.15 This paper will address these 3 path-

ways as they pertain to dementia and hip fractures.

Individuals who suffer from dementia or cognitive impair-

ment are at substantially higher risk of sustaining a hip fracture

than those who are cognitively intact.16-23 In the 10 years fol-

lowing a diagnosis of Alzheimer disease, the risk is 2.7-fold

higher than in age- and sex-matched controls.24 Hip fractures

occur as a result of an interaction between cognitive, environ-

mental, physical, behavioral, and socioeconomic factors.9 As

outlined in the accompanying paper by Menzies et al, much

of this increased risk may be due to missed practice opportuni-

ties. As we will address further, there are several pathogenic

changes that are seen in patients with dementia that may in turn

put them at higher risk for hip fracture. On the basis of a thor-

ough literature review and consultation with experts in both

fields, we propose a model to explain the relationship between

dementia and hip fractures.

Dementia as a Spectrum

Dementia is a progressive syndrome, with a median life expec-

tancy of 4.5 years following diagnosis.25 Dementia most com-

monly results from Alzheimer disease (60%-89%), vascular

disease (15%-37%), Lewy body dementia (5%-24%), and Par-

kinson disease (3%-4%).26-29 Clinical presentations differ

based on etiology. For example, Lewy body dementia is char-

acterized by parkinsonism, fluctuations in cognition, visual

hallucinations, disturbances in consciousness, sensitivity to

neuroleptic medications, and frequent falls.27 Many of these

features may increase hip fracture risk. It is likely that hip frac-

ture incidence differs based on etiology of dementia. For exam-

ple, in a study of 192 African Americans with dementia, 8.1%
of those with Alzheimer disease had a history of hip fracture

versus 1.3% of those with vascular dementia.30 This paper will

review literature addressing cognitive impairment, dementia,

and specific etiologies of dementia. Where etiologies are iden-

tified (eg, Alzheimer disease), we specify the cause of

dementia.

The risk of hip fracture remains fairly constant in mild, mod-

erate, and severe Alzheimer disease. In Melton’s study evaluat-

ing hip fracture risk over the 10 years following diagnosis of

Alzheimer disease, the slope of the incidence did not change

substantially over time.24 A longitudinal study by Guo supports

this finding, showing that patients with Mini-Mental State

Exam31 (MMSE) scores of 18 to 23 (mild impairment) had a

relative risk of hip fracture of 2.04, versus 2.09 for patients with

an MMSE score <18 (moderate–severe impairment).32 How-

ever, it is likely that the mechanism of hip fractures change

over time. For example, immobility increases as Alzheimer dis-

ease progresses. In a study by Buchner and Larson evaluating

falls and fractures in predominantly community-dwelling older

adults with Alzheimer disease, one third of those who were

ambulatory at baseline were nonambulatory after a follow-up

of 3 years.33 However, in this study as well, dementia severity

was not significantly predictive of fractures.

Shared Risk Factors for Dementia and Hip
Fractures

Figure 1 presents a theoretical framework of the relationship of

dementia and hip fracture. It demonstrates 3 pathways, includ-

ing characteristics that increase the risk of both outcomes

(Table 1), multiple interacting intermediate mechanisms that

increase fracture risk (Table 2), and the increase in risk of hip

fracture due to dementia treatment. Several risk factors are

common to both outcomes.

Demographics

Age is a shared risk factor for both dementia34 and hip frac-

tures.35 As discussed above, both dementia and hip fractures

are more prevalent with advancing age, particularly in the ‘‘old

old,’’ or those over the age of 75 years. Women, who have a

longer life expectancy than men, have a higher prevalence of

vitamin D deficiency,36 osteoporosis,20 Alzheimer disease,20

and hip fractures.6,17,37

Vitamin D

The role of vitamin D as an intermediate risk factor between

dementia and hip fractures is described below. Recent data also

shows an association of vitamin D with cognitive decline and

dementia.28 Vitamin D receptors have been localized in the

brain38 and may provide neuroprotection as a result of detoxifi-

cation and neurotrophin synthesis, a process necessary for neu-

ronal survival. Messenger RNA levels for vitamin D receptors

are reduced in the hippocampus of patients with Alzheimer dis-

ease but not in the temporal cortex or cerebellum.39 Cross sec-

tionally, serum 25(OH)D concentrations have been positively

correlated with MMSE scores31,40 and with Sum of Boxes and

Short Blessed tests of cognition.41,42 The direction of association

has yet to be fully established, but the biological plausibility of a

role for vitamin D in cognition is well supported.

Lifestyle

Recreational exercise is protective against hip fracture, with a

relative risk of 1.9 for those who report little or no exercise ver-

sus those who report much or moderate exercise.35 In patients

with dementia, there is evidence that physical activity reduces

the risk of falls.43 However, wandering has been shown to

substantially increase risk of hip fractures in patients with

Alzheimer disease, with an odds ratio (OR) of 6.9.33 There is
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growing evidence that physical activity may have a protective

effect on cognition.44-46

Smoking is a risk factor for both cognitive decline and

dementia, with a relative risk of 1.79 for Alzheimer disease and

1.78 for vascular dementia.47 Some elements of cognition may

be particularly impacted by tobacco use. In one study of

healthy older adults, heavy smoking was associated with worse

executive function and problem solving, but there were no dif-

ferences in visual-spatial capabilities, attention, or memory.48

Smoking is associated cross-sectionally with decreased appen-

dicular bone mass in older women.49 It has been shown to

increase the risk of hip fracture in both women and men, with

19% of the risk of hip fracture attributable to smoking.50 As a

result, the FRAX tool incorporates smoking as a predictor of

osteoporotic fracture, including hip fracture.51 The FRAX tool

is a Web-based algorithm, available online, that was developed

by the World Health Organization to assess 10-year risk of hip

fracture as well as any major osteoporotic fracture.

The impact of alcohol on risk of dementia appears to depend on

level of intake, with low intake being somewhat protective and

large doses increasing risk.52 Studies evaluating the relationship

between alcohol and hip fractures have been inconsistent, with

several showing an increased risk with higher intake and others

showing no relationship.37 Individuals with alcoholism often have

low bone mass, which may be nutritionally mediated. The FRAX

tool for assessment of fracture risk incorporates a value of 3 or

more units of alcohol per day to determine risk.51

Apolipoprotein E4

Presence of the apolipoprotein E4 (apoE4) gene increases risk

for both Alzheimer disease and hip fracture. The risk ratio for

developing Alzheimer disease is 30.1 and 3.7 for E4/E4 homo-

zygotes and E4/E3 heterozygotes versus E3/E3 homozygotes,

respectively.53 In a community-based case-control study, parti-

cipants with 1 or 2 E4 alleles had an age-adjusted OR of 2.1 for

reporting a hip fracture.54 This relationship persisted after
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Figure 1. Pathogenic framework for dementia and hip fractures. Several intermediate risk factors are interrelated, and this is described in the
text. These connections are not depicted in the Figure for ease of reading. This framework depicts 3 mechanisms by which dementia increases
hip fracture risk: (1) shared risk factors increase co-occurrence; (2) dementia increases the risk of multiple intermediate risk factors, which in
turn, increase hip fracture risk; (3) treatment of dementia increases hip fracture risk.

Table 1. Shared Risk Factors for Dementia and Hip Fracture

Age
Decreased activity
Smoking
Alcohol
Vitamin D deficiency
Apolipoprotein E4
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adjusting for dementia and history of falls. However, this study

included only 25 patients with hip fracture and did not reach

statistical significance. A study of patients with hemodialysis

showed that 44% of those with E3/4 and E4/4 genotypes had

a history of fractures versus 16% of those with E2/3 or E2/2

genotypes (P < .005).55 It is theorized that the increased risk

of hip fracture may be mediated through vitamin K metabo-

lism. Individuals with the apoE4 allele clear vitamin K more

quickly than those with other variants.56 Patients with hip frac-

ture have been demonstrated to have lower levels of vitamin

K,57 and supplementation increases osteocalcin and bone alka-

line phosphatase, which are markers of bone formation.58 The

population prevalence of the apoE4 allele is 11.8%.53

Intermediate Risk Factors for
Dementia and Hip Fracture

Gait

Studies of patients with moderate Alzheimer disease have

demonstrated shorter stride length, lower gait speed, lower

stepping frequency, greater step-to-step variability, greater

double support ratio (ie, more time spent in stance phase), and

greater sway path than those without Alzheimer disease.59,60

Participants with vascular dementia have slower velocity and

shorter stride length than those with Alzheimer disease.60

Stride length and walking speed have been shown to be related

to falls risk.61 In a study of community-dwelling Alzheimer

patients, poor tandem gait was a predictor of both falls and frac-

tures 3 years later.33 In a study of nursing home residents with

moderate-stage Alzheimer disease, stride length variability

predicted falls.62

In addition to changes in the specific components of gait, a

high proportion of patients with Alzheimer disease have a gait

apraxia. This has been defined as ‘‘the loss of ability to prop-

erly use the lower limbs in the act of walking,’’ not due to other

causes, such as muscle wasting or orthopedic abnormalities. In

one study that evaluated gait apraxia comprehensively, 40% of

patients exhibited an apraxia.63 Impairment of central integra-

tion of information for maintaining balance and gait is a major

underlying issue in patients with dementia.64

Impairments in gait may become more marked in stress

situations for patients with dementia. Patients with Alzheimer

disease have been noted to slow their gait while simultaneously

performing a verbal fluency task, which may also contribute to

falls.65

Neurovascular Instability

Patients with Alzheimer disease have a high prevalence of

autonomic dysfunction,66 leading to an increased prevalence

of orthostatic hypotension. The literature regarding orthostasis

as a risk factor for falls is mixed,67 but it is plausible that this

could increase falls risk. Patients with dementia have a higher

prevalence of carotid sinus hypersensitivity, with a rate up to

50% in patients with Lewy body dementia versus 4% healthy

older adults.64 A study of patients with Lewy body dementia

and Alzheimer disease showed a prevalence of carotid sinus

hypersensitivity of 41% and 28%, respectively.68 In a case-

controlled study of hip fracture patients, 36% of patients admit-

ted with a femoral neck fracture versus 13% admitted with

acute medical illness had carotid sinus sensitivity.69

Falls

Most patients who sustain a hip fracture do so as the result of a

fall.22 Patients with dementia have up to an 8-fold higher risk of

falling,32,43,70-77 and a particularly high risk of sustaining multi-

ple falls,78 compared with those without dementia. Annual inci-

dence of falls ranges from 67% to 85% in prospectively

collected data.64 They are also at higher risk of sustaining injur-

ious falls.16,79-81 In one study in which participants were fol-

lowed for 4 years, 36% of patients with Alzheimer disease

versus 11% of controls experienced a serious fall that required

immediate medical attention or resulted in death.16 However, a

study of institutionalized older adults showed that the odds ratio

for the relationship between Alzheimer disease and hip fractures

remained relatively unchanged after adjusting for falls and

osteoporosis, suggesting that there are other factors involved that

increase fracture risk in patients with Alzheimer disease.20

The cause of dementia appears to be significantly related to

falls risk. In one study, the incidence-density ratio, or the ratio

of the number of falls per 1000 patient years for each group,

adjusted for age and sex, was 20.5 for Parkinson disease, 6.1

for dementia with Lewy bodies, 2.0 for Alzheimer disease, and

1.8 for vascular dementia, respectively, when compared with

cognitively intact participants.43 Another small study showed

that patients with Lewy body dementia were twice as likely

to sustain 2 or more falls as patients with Alzheimer disease

over a 3-month period (57% versus 26%, respectively).27

It is unclear whether progression of dementia is associated

with higher risk of falls. In a study of 97 nursing home residents

with Alzheimer disease, those with a Clinical Dementia Rating

score of 1 (mild) had a 20% incidence of falls, versus 38% among

those with a score of 2 (moderate).62 A study of falls in

community-dwelling older adults showed an OR of 1.7 per 10-

point drop in MMSE score.82 Other studies have failed to show

an association of falls with time or duration of dementia.16,43 It

may be that mobility and dementia interact in nonlinear ways over

time; a study of nursing home patients that used a scale incorpor-

ating physical and psychological impairment as well as dementia

severity showed a parabolic association with falls rate.83 More

study is needed to further understand this relationship.

Cognitive tests that have been shown to be predictive of falls

include the Trail Making Test part B,80 MMSE score,73,80 Stan-

dardized Mini-Mental State Exam,74 short portable mental sta-

tus questionnaire,70 verbal reasoning,73 and tests of immediate

recall.84 Even mild decrements in cognition lead to increased

risk of falls, with a relative risk of 1.2 for each point drop of

MMSE score31 between 30 (maximum) and 22.85 In another

analysis of individuals with MMSE scores of >24, MMSE

score was inversely associated with fall risk.73
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In Melton’s study of fracture incidence following a diagnosis

of dementia, hip fractures were increased, but wrist and verteb-

ral fractures were not, suggesting that the mechanics of the

falls may be different in patients with and without dementia.24

A study of nursing home patients who fell showed that those

who fell onto their hip or the side of the leg were almost

22 times more likely to fracture their hip than those whose

point of impact was elsewhere, such as the buttock.22 Cogni-

tively impaired residents who fell to the side were 7 times more

likely to sustain a hip fracture than those who fell in different

directions. Similarly, in a study of 100 nursing home residents

who were fallers, falling to the side was associated with an OR

of 5.7 for sustaining a hip fracture,86 and in a case-control study

of men with hip fractures, falling on the hip or thigh led to a

markedly elevated risk of hip fracture, with an OR of 98.87

It is not clear whether fall direction or point of impact differs

by cognitive status.

There is a paucity of information on falls risk factors specific

to patients with dementia. In a study evaluating risk of falls and

fractures in patients with Alzheimer dementia (mean MMSE

score 17.6 + 7.5), rigidity, poor tandem gait, wandering, and agi-

tation—all characteristics that could potentially increase falls

risk—were associated with lower MMSE scores.33 In this popu-

lation, risk factors for falls in the subsequent year were peripheral

neuropathy, a musculoskeletal problem limiting function, catar-

act, and poor tandem gait. A recent prospective study found that

type of dementia, history of previous falls, use of cardioactive

medication, abnormal gait or balance, Cornell Scale for Depres-

sion in Dementia score �10, autonomic symptoms, autonomic

neuropathy, and symptomatic orthostasis were associated with

subsequent falls.43 Older age and physical activity were protec-

tive. Depression, autonomic symptoms, and orthostasis were

independently predictive. In a population of patients with more

advanced Alzheimer disease (mean MMSE 15), Unified Parkin-

son’s Disease Rating Scale and fewer steps per minute predicted

falls.78 Extrapyramidal motor impairment is more common in

advanced Alzheimer disease. Trajectory of decline appears to be

important; in a study of institutionalized women with Alzheimer

disease, those who were the most vigorous and had shown

significant declines in the previous year were more likely to fall

than those who had been the least vigorous but were stable.88

Vitamin D Deficiency

There is a high prevalence of vitamin D deficiency in patients

with dementia, which has been seen in both community89 and

nursing home90 populations. Vitamin D deficiency is particu-

larly prominent in frail nursing home patients with Alzheimer

disease, where in one study, 54% had serum levels at a severe

deficiency level of <5 ng/mL.90 Even in individuals with better

cognition, as assessed by an abbreviated mental test score of 7

or more, there is a correlation between vitamin D level and

cognition.91

Vitamin D deficiency is a risk factor for falls,92 and the inci-

dence of falls is particularly high in vitamin D-deficient

patients with elevated parathyroid hormone (PTH) levels.19

The impact of vitamin D on falls may be mediated through its

effect on muscle strength,36,93-96 balance,70,91,95,96 gait,97 lower

extremity function,98-100 and reaction time,91 although studies

of these pathways have been mixed.101

Vitamin D deficiency is a risk factor for hip fracture. Serum

PTH is negatively correlated with vitamin D levels in Alzheimer

disease patients with hip fractures, but not in Alzheimer disease

patients without, suggesting that compensatory hyperparathy-

roidism increases risk further.19 Supplementation of vitamin D

increases bone mineral density (BMD)97,102 and reduces

falls,103,104 which in turn reduces hip fracture risk.102

There are several causes of vitamin D deficiency in older

adults with dementia. Alzheimer disease patients with hip frac-

tures have lower dietary intake of calcium and vitamin D than

Alzheimer disease patients without fractures, who in turn have

lower intake than cognitively intact controls.19 Similarly, sun-

light exposure is lowest in Alzheimer disease fracture patients,

intermediate in nonfracture patients with Alzheimer disease,

and highest in controls. A study of nursing home residents with

dementia showed that their sunlight exposure was particularly

low, with none of the 46 residents receiving 15 minutes or more

of sunlight per week. Their vitamin D intake was also low, with

83% receiving less than the recommended daily allowance.90

Finally, older adults have reduced ability to synthesize vitamin

D3 in the skin. Even in the presence of normal vitamin D and

PTH levels, gastrointestinal calcium absorption may be low, in

both Alzheimer disease and vascular dementia.105

Osteoporosis/Bone Mineral Density

Bone mineral density is an independent predictor of frac-

tures.86,106 After adjusting for age, each decrease in femoral

neck bone density by 1 standard deviation increases risk of hip

fracture 2.6 times, and women in the lowest quartile of bone

density have an 8.5-fold risk of hip fracture versus those in the

highest quartile.107

There is evidence that patients with Alzheimer disease have

lower BMD and are more likely to have osteoporosis,20

although the findings are mixed.17,89,108 In a study of 71

patients with early Alzheimer disease and 69 who were cogni-

tively intact, mean BMD was lower in the early AD group (1.11

+ 0.13) compared with those without dementia (1.16 + 0.12,

P¼ .02), after adjusting for age, sex, habitual physical activity,

smoking, depression, estrogen replacement, and apoE4 carrier

status.109 In a study of Alzheimer disease and hip fracture,

BMD was 1.42 mm Al + 0.19 in the dementia with hip fracture

Table 2. Intermediate Risk Factors for Dementia and Hip Fracture

Gait
Neurovascular instability
Falls
Vitamin D
Osteoporosis/bone mineral density
Cachexia/sarcopenia
Depression
bone mineral density

56 Geriatric Orthopaedic Surgery & Rehabilitation 1(2)



group, 2.24 mm Al + 0.44 in the dementia without hip fracture

group, and 2.55 mm Al + 0.36 in the cognitively intact

group.19 Bone mineral density was correlated negatively with

duration of dementia.

Cachexia/Sarcopenia

Patients with dementia have lower body mass index (BMI) than

their cognitively intact counterparts.19,110 Weight loss is a com-

mon finding in Alzheimer disease, particularly in the late

stages.111 The etiology may be multifactorial, including inabil-

ity to prepare and eat food, sensory impairment, concomitant

depression, increased energy requirements, social factors, and

comorbidity.110 Causes may vary based on type of dementia

and stage of disease.

Low BMI, in turn, increases hip fracture risk in many22,35

but not all86 studies and is correlated with other findings that

may increase hip fracture risk. In patients with Alzheimer dis-

ease, BMD is positively correlated with BMI in patients with

and without hip fractures.19 This may mediate much of the

impact of BMI on fracture risk; in one large study of ambula-

tory, non-black older women, adjustment for BMD reduced the

relative risk of hip fracture in thin women from 2.51 to 0.98.112

In addition, older adults with a BMI <20 are more likely to have

low vitamin D levels than their normal weight and overweight

counterparts.98 Weight loss is typically associated with a reduc-

tion in muscle mass,111 or sarcopenia, which can in turn reduce

strength. Arm muscle area is correlated with BMI, and low

muscle area increases the relative risk of hip fracture by

1.8.35 It is theorized that reduced fat thickness leads to dimin-

ished absorption of energy of the greater trochanter in the event

of a fall,22 and low skin-fold thickness increases the risk of hip

fractures 2-fold.35 All of these outcomes increase the risk of

sustaining hip fractures. Studies of community-dwelling older

men21 and women113 showed that a weight loss of 10% or

greater was associated with an adjusted relative risk of hip frac-

ture of 1.8 and 2.9 for men and women, respectively, whereas

weight gain of 10% or more was associated with a reduction of

risk, with a relative risk of 0.4 and 0.7, respectively.

Depression

Patients with dementia commonly suffer from depression. The

best estimates of the prevalence of depression in people with

probable or possible Alzheimer disease are 20% and 13%,

respectively, in community-dwelling individuals with demen-

tia.114 Approximately 41% have depressive symptoms. Apathy

is very common in Alzheimer disease, occurring in 61% to 92%
of patients, and is sometimes difficult to distinguish from

depression.

A recent meta-analysis of 14 prospective studies showed

that depression increases fracture risk.115 Depression was asso-

ciated with a hazard ratio of 1.17 for sustaining a fracture and

an overall risk ratio of 1.52.

Depression is associated with several risk factors that

increase hip fracture risk. For example, depression is associated

with increased falls risk,75,77 lower BMI,110 higher rate of bone

loss,116 higher prevalence of smoking,116 lower activity

level,116 and lower use of calcium supplementation.116 In a

cross-sectional study of older adults with an average age of

75, participants with vitamin D deficiency were almost 12 times

as likely to suffer from a mood disorder as those who had

adequate vitamin D levels.41

People with depression are also at higher risk of developing

dementia. A recent longitudinal study showed that those with

depression at baseline had a hazard ratio of 1.72 for developing

dementia and 1.76 for developing Alzheimer disease.117

The medications that patients with depression take can

affect risk as well. Antidepressants increase the risk of frac-

ture,17,18,32,118 contribute to bone loss,115 and increase falls

risk.119 A large prospective study demonstrated that individuals

who took selective serotonin reuptake inhibitors (SSRIs), but

not tricyclic antidepressants (TCAs), had a greater rate of bone

loss than those who were not on antidepressants.120 Both SSRIs

and TCAs increase the risk of falls.119 Patients with depression

and patients on antidepressants are more likely to be prescribed

benzodiazepines,121 which in turn increases risk of fracture.

Impact of Treatment of Dementia
on Hip Fractures

In addition to the risks associated with antidepressants as

above, patients with dementia are more likely to take medica-

tions that have been shown to increase risk for falls and frac-

tures.122 Antipsychotics122 and anxiolytics17,18 increase the

risk of hip fracture. The risk of typical versus atypical antipsy-

chotic agents appears similar, although the evidence is still

inconclusive.123 In one study, the use of hypnotics-

anxiolytics with an elimination half-life of 24 hours or less did

not lead to increased risk, but those with a longer half-life had

an OR of 1.8 for sustaining a hip fracture.122

Cholinesterase inhibitors, which are often prescribed for

Alzheimer disease, increase the risk of syncope and bradycar-

dia and had a hazard ratio of 1.18 for the risk of hip fractures in

a population-based cohort study of over 80 000 patients.124 In

another large, case-control study, patients with hip fractures

were twice as likely to be taking cholinesterase inhibitors as

their age- and sex-matched counterparts who were admitted for

pneumonia or myocardial infarction.118

Certain medications may also impact intermediate risk fac-

tors. Psychotropic medications increase the risk of falls in

patients with dementia, and account for 36% of attributable

risk.125 Patients with dementia of the Lewy body type are at high

risk of sensitivity to antipsychotics, resulting in postural instabil-

ity and falls. Treatment with neuroleptics increases the risk of

extrapyramidal symptoms, which can lead to reduced gait speed.

Hip Fracture as a Predictor of Cognitive
Decline

The above discussion has focused on the trajectory from

dementia to hip fracture, but there is some evidence that a hip
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fracture can in turn lead to cognitive decline.24 In a study by

Melton et al, 25 of 26 Alzheimer disease patients with hip frac-

ture had the onset of Alzheimer disease after the hip fracture.

The authors postulate that either the hip fracture brought the

dementia to clinical attention or that patients who were margin-

ally compensated prior to the event had further cognitive

deterioration.

Delirium is certainly a major risk following hip fracture sur-

gery, occurring in 35% to 65% of patients with hip fracture.126

Delirium can persist for months; in one study, 32% had delir-

ium at 1 month and 6% had it at 6 months.127 There is also a

growing appreciation of an overlap of delirium and dementia;

that is, delirium may ‘‘unmask’’ a dementia that did not come

to attention prior to the onset of the delirium.

In one study, patients with dementia were 4 times more likely

to have depression immediately after a hip fracture than patients

without dementia (OR calculated from data in text).128 In

another study, 38% of patients with cognitive impairment had

depression.129 This could, in turn, lead to worsening cognition.

Summary and Conclusions

Dementia and hip fractures are increasingly common problems in

older adults and are associated with substantial morbidity and

mortality. The incidence of hip fractures in patients with dementia

is higher than in older adults without dementia, and there are sev-

eral pathways that are implicated in this increase in risk. The rela-

tionship between dementia and hip fracture is complex, and we are

unaware of any previous articles that have explored the pathway

from one endpoint to another in a comprehensive manner.

Given the serious outcomes to patients with dementia and

hip fractures, the goal of prevention is an important one. The

expected demographic shift over the coming decades adds

urgency to this issue. There are multiple physiologic/patholo-

gic intermediate risk factors that have the potential for inter-

vention and treatment in order to reduce risk. However, the

individual risk factors for each pathway and the relative reduc-

tion in risk with treatment need to be explored further, in order

to reduce the consequences of hip fracture in a vulnerable

group of patients. Research evaluating the multiple intermedi-

ate risk factors in a comprehensive way is needed as a step

toward developing an optimal evidence-based approach to

reducing hip fractures in patients with dementia.
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