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Abstract
Gait disturbance results in an increase in the risk of falls in patients with Alzheimer’s disease (AD). The falls are events that might
be related to an increase in the number of fractures, loss of mobility, being bedridden, early institutionalization, and increased use
of medication. Therefore, the reduction in the number of falls is important for the maintenance of the functional independence of
the patients as well as for the prevention of sequelae resulting from those events. Alterations in the gait occur very frequently in
AD, and the gait disturbance occurs relatively early in the course of the disease. This study has important implications for public
health and clinical practice. This study and previous studies have reported that abnormal gait predicts greater risk of falls,
dementia, institutionalization, and death. The high prevalence and incidence of abnormal gait and its association with multiple
adverse outcomes in older adults require urgent attention. Our results allow us to identify the risk factors.
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Introduction

Gait disorders become increasingly common with advancing

age, occurring in 8% to 19% of elderly persons residing in the

community.1,2 Common causes of abnormal gait in elderly per-

sons include neurologic diseases, arthritis, and acquired foot

deformities. Neurological gait abnormalities result from focal

or diffuse lesions occurring in the neural pathways linking the

cortical motor centers to the peripheral neuromuscular sys-

tems.3,4 Gait disorders are more common in dementia than in the

context of the physiological aging process.5 Prevalence of

dementia associated with gait disturbances depends on the type

of dementia and the severity of cognitive impairment. Although

vascular dementia gait disorders occur more frequently in the

early stages of the disease, patients with Alzheimer’s disease

(AD) usually have stable gait until late disease stages.6

Many studies have reported that gait abnormalities are

commonly observed in AD and increase in frequency and

severity over time. These gait abnormalities may result from

different underlying mechanisms, although their exact ana-

tomic location is not clear.

Gait disorders result in decreased mobility and an increase in the

risk of falling.7 The consequences of gait disorders and falls can be

severe, including fractures, worsening of mobility, loss of indepen-

dence, and increased cardiovascular morbidity and mortality.8

Information about the presence of gait abnormalities in AD

is important because they may predict a faster cognitive

decline,9 institutionalization,10 and death.11 However, there is

a large variability in the reported frequencies for the various

stages of the disease. For example, in a review of clinical series

published over a 10-year period, frequency of gait abnormal-

ities in AD ranged from 6% to >50%.12 Some of this inconsis-

tency derives from methodological differences including

variable definitions of gait abnormalities, inclusion or exclu-

sion of participants who used neuroleptics, use of standardized

scales versus just clinical evaluation, inclusion of participants

at varying stages of disease, variable levels of participation in

the follow-up, and so on. Additionally, most information about

gait abnormalities in AD is inferred from cross-sectional stud-

ies. Besides, although AD is a progressive disease, relatively

little information is available from longitudinal studies tracking

changes in gait abnormalities over time. Also, most studies

examine gait abnormalities globally, and only few reports have

focused on individual subsets of gait abnormalities.13 Finally,

little is known about specific factors that influence the occur-

rence or the rate of progression of gait abnormalities in AD.
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We analyzed data from a cohort of 72 patients with probable

AD, which included patients with mild and moderate disease

stages. The patients were followed up every 3 to 4 months

throughout the study with standardized assessment of gait

abnormalities during 5 years. We first attempted to characterize

the occurrence of gait abnormalities during the natural course

of AD and the onset of gait disturbance as measured by a global

score of the Tinetti’s gait. We also investigated the existence of

other factors that may predict which of the patients with AD

will develop gait abnormalities.

Materials and Methods

Study Population

The province of Segovia is 1 of the 7 provinces of the Castilla-

Leon region (Spain). In 1990, it had a population of 155 517 habi-

tants. We conducted a study of gait abnormalities in a cohort of

patients with mild and moderate AD in this province in order to

document epidemiological data and the natural history based on

cases diagnosed in Segovia. A monographic outpatient clinic was

designed specifically for this purpose, conducting a detailed mon-

itoring. Patients with AD were recruited from the outpatient clinic

of neurology of Segovia General Hospital, and all the patients were

diagnosed and followed with a specific protocol, using inclusion

and exclusion criteria according to the National Institute of Neuro-

logical and Communicative Disorders and Stroke (NINCDS) and

the Alzheimer’s Disease and Related Disorders Association

(ADRDA),14 by a neurologist expert in dementia. We included the

first 72 consecutive patients diagnosed with AD. Patients were fol-

lowed up every 3 to 4 months throughout the study during 5 years.

Case Finding

In 2009, we developed a computerized neurological diagnostic

register for dementia disorders in order to document epidemio-

logical data and the natural history of these patients, which

were included in a data record.

Case Definition

All patients had probable AD according to the criteria

NINCDS-ADRDA.14 The diagnosis of AD was confirmed

through a structured interview conducted as part of the clinical

examination including basic demographic data and information

on AD such as age at onset (the age at which the first symptoms

of AD were reported by the patient or family preceding the first

visit to our department), age at diagnosis, and date of initiating

therapy and vascular comorbidity. Also, assessment of psycho-

metric tests to confirm cognitive impairment and conventional

tests to exclude other causes of dementia (computerized tomo-

graphy imaging, biological tests with plasmatic levels of vita-

min B12, folic acid, and thyroid-stimulating hormone, and

detailed physical and neurological examinations) were col-

lected and recorded. Staging of the disease was based upon the

findings of the clinical examination and in accordance with the

present standards (Rapid Disability Rating Scale (RDRS-2)

that evaluate activities of daily life, with particular emphasis

on basic activities (only 1 item of 7 is related to instrumental

activities,15 and Global Deterioration Scale of Reisberg

[GDS]).16 Cognitive functions were assessed by the Mini-

Mental State Examination.17 Caregivers were asked about the

patient’s use of current medication (yes/no): psychotropic med-

ication (anxiolytics, neuroleptics, benzodiazepines, or antide-

pressants), specific AD treatment (acetyl cholinesterase

inhibitors or memantine), and other medications. Nutritional

assessment included weight, height, body mass index, albumin

(g/L), and the Mini-Nutritional Assessment (MNA).18 The

study of psychiatric and behavioral disorders was assessed

using Neuropsychiatric Inventory Questionnaire (NPIQ sever-

ity and stress),19 which is composed of 12 subscales that assess

behavioral and psychological changes that occur more com-

monly in patients with dementia: delusions, hallucinations,

agitation/aggression, depression, anxiety, euphoria, apathy/

indifference, disinhibition, irritability/emotional lability, activ-

ity aberrant motor, sleep disturbance, and appetite distur-

bances. Caregiver burden was assessed using the Zarit scale.20

Gait and balance were assessed using the Tinetti test.21 The

Tinetti test was developed as a tool to predict risk of falling in

elderly people and had the advantage of quantifying gait and dis-

turbances in terms of performance. Only few studies have

assessed this tool in population with AD.22,23 This test has 2 parts:

performance-oriented assessment of balance with 16 points (sit-

ting balance, arising from chair, immediate standing balance in

the first 3-5 seconds, standing balance, balance with eyes closed,

and turning balance [360�]) and performance-oriented assess-

ment of gait with 12 points (initiation of gait, step height, step

length, step symmetry, step continuity, path deviation, trunk sta-

bility, walk stance, and turning while walking). Less than 19

points means high risk of falls, between 19 and 24 means risk

of falls, and between 24 and 28 means no disturbance in gait or

balance. Therefore, the cutoff point that predicts moderate or high

risk of falling and disturbance in balance and gait was 24.21,22,23

Statistical Analysis

For qualitative variables, frequency measures were calculated,

and for quantitative variables, the mean and the standard devia-

tion. To analyze the time until the onset of gait disturbance, we

performed a survival analysis using the Kaplan-Meier method.

We calculated the median time to gait disturbance with the

appropriate 95% confidence interval (95% CI), and graphics

representation of time until the event is presented. We identi-

fied the variables that had a high correlation between each

other using bivariate correlation analysis. We used a propor-

tional hazards model (Cox regression) to analyze the prognos-

tic factors specified previously: age at onset, sex, comorbid

vascular diseases, treatment for dementia, treatment with psy-

chotropic drugs, GDS, MNA, NPIQ severity, NPIQ stress, and

time with treatment. We built univariate models and selected

the variables that in the crude analysis were P < .2. Also, the

variables considered clinically relevant were included follow-

ing the strategy described, starting from an initial model that
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included age at onset, sex, onset time of treatment, RDRS,

NPIQ-stress, NPIQ-severity, and duration of the specific treat-

ment of dementia. To get to the final model by Cox regression

analysis, we followed a backward strategy and calculated

hazard ratio (HR) with 95% CIs and keeping in the final

model variables with P < .1. Criteria of changes in �2 log

likelihood were followed for the construction of the succes-

sive models. We used a software program SPSS 20.0 (SPSS,

Chicago, Illinois).

Results

Seventy-two patients with dementia were recruited, of whom

48 (66.7%) were women and 24 (33.3%) were men, and mean

age at disease onset was 76.5 + 6.3. The mean duration of the

disease was 5.04 + 2.64. The patients were diagnosed with a

delay of 1.74 + 0.63 years since the family observed the first

symptoms. In our study, 57 (79.2%) patients live with spouse or

a family. Sixty-two (86.1%) patients had mild–moderate

dementia (GDS 4-5), and 10 (13.9%) had severe dementia

(GDS 6-7). In all, 56 (77.8%) of the patients received specific

treatment (acetyl cholinesterase inhibitors, and/or memantine),

and 31 (43.1%) received psychotropic medications. Clinical

and demographic data referring to the time at enrollment are

shown in Table 1.

In total, 48 (66.7% + 5.5%) patients have gait disorders and

24 (33.3% + 5.5%) no reported alterations. The median time to

gait disturbance was 4.19 years, within a 95% CI: 3.62 to 4.76.

The graphical representation is shown in Figure 1. The patients

presenting gait disturbance were elderly patients with a mean

age at onset of 76.7 + 6.3 years, whereas for the group without

impairments it was 76.0 + 6.12 years and was found more

frequently in men than in women, 75% versus 62.5%. They

presented a significantly increased risk of malnutrition with

MNA of 23.1 + 2.06. We found more patients, 40 (83.3% +
5.5%), with vascular comorbidities in this group.

We found that patients with AD evolved progressively

toward gait disturbance as measured on the Tinetti scale. The

probabilities of reaching such impairment were 25% at 2.8 +
0.45 years, 50% at 4.19 + 0.29 years, and 75% at 5.15 +
0.28 years.

We analyzed the crude HR of gait disorder development in

patients with AD on the basis of sex, age at onset of symp-

toms, comorbid diseases, GDS scale, intake of psychotropic

drugs, NPIQ, MNA scales, and duration of treatment. Statis-

tical association was found between gait distrurbance and age

at onset of symptoms, NPIQ scale at the time of gait distur-

bance and duration of the treatment, so the patients who were

treated from the earliest phases of the disease took longer to

develop abnormal gait. The rest of the variables studied were

not significant (Table 2).

As observed using Cox regression, patients with AD pre-

sented 2 variables as predictors of gait abnormalities, measured

by the scale of Tinetti (Table 3). Time with treatment with an

HR of 0.72 (95% CI: 0.59-0.86, P < .01) had a protective effect

to prevent abnormality gait. Patients who were treated at the

onset of the disease took longer to develop gait disturbance,

a reduction in 28% per year. And, the NPIQ-stress scale in

the early stages of the disease (HR: 1.13, 95% CI: 1.05-1.21,

P < .01) also predicted progress toward disability. The early

onset of psychiatric symptoms in the course of the disease pre-

dicts a more rapid onset of gait disorders.

Discussion

There are 4 important findings in this study. First, alterations in

the gait occur very frequently in AD. Gait impairment is fre-

quent in patients having AD with prevalence estimates varying

from 9% to 60%.22,24 Our results are in concordance with pre-

vious studies, although slightly higher, and show that gait

abnormalities occur in the 66.7%. Second, the gait disturbance

occurs relatively early in the course of the disease, and median

time was 4.19 years. It has been reported that gait disorders

remain normal until the late stages of AD,25,26 which are

Table 1. Demographic and Clinical Data.

Demographic and Clinical Data

Sex N (%)
Female 48 (66.66)
Male 24 (33.34)

Initial age �X (SD)
Total 76.5 (6.27)
Female 76.1 (6.09)
Male 77.2 (6.67)

Residence N (%)
Rural 48 (66.7)
Urban 24 (33.3)

Living arrangement N (%)
Alone 5 (6.9)
Family 57 (79.2)
Institutionalized 10 (13.9)

Comorbid vascular diseases 54 (75.0)
Psychiatric symptoms N (%)

Depression 47 (65.3)
Hallucinations and delusion 14 (19.4)
Sleep disorders 15 (20.8)

Initial treatment dementia 56 (77.8)
Psychotropic drugs 31 (43.1)

Time of treatment since diagnosis of dementia 0.57 (1.02)
Duration of diseasea 5.04 (2.64)

Scales �X (SD)
MMSE 17.31 (4.53)
GDS 4.69 (0.70)
BMI 27.84 (4.56)
RDRS-2 34.59 (9.10)
NPIQ-stress 6.06 (4.82)
NPIQ-severity 5.43 (4.03)
Tinetti global 21.47 (5.92)

Gait 8.62 (3.40)
Balance 12.84 (3.11)

Abbreviations: BMI, body mass index; GDS, Global Deterioration Scale of
Reisberg; MMSE, Mini Mental State Examination; N, number; NPIQ,
Neuropsychiatric Inventory Questionnaire; RDRS, Rapid Disability Rating
Scale; SD, standard deviation; �X, mean score.
ayears.
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related to the severity of the disease,24 whereas in vascular

dementia, gait disorders present earlier or even precede demen-

tia.6 However, other studies have reported gait abnormalities in

the early stages of AD.27,28 Pettersson et al29,30 showed that

motor performance is affected already at mild stages of AD,

and Cedervall et al31 studied that a simultaneous deficiency

in the cognitive task appears to have a distinct impact on gait

function already in mild AD, as it can be observed in the

86% of our patients who were in a mild–moderate stage of

GDS.

Third, we have found that time with treatment and NPIQ

scales were predictors of gait disturbance. Recent studies are

investigating the improvement in gait disturbance with choli-

nesterase inhibitors such as donepezil.32 And, Henderson

et al assess treatment with rivastigmine as a new therapeutic

option to ameliorating gait and cognitive deficits in a popula-

tion at high risk of falls.33 On the other hand, treatment with

rivastigmine has been associated with a faster gait in the

Timed-Up-and-Go test and may be indicative of improved

mobility, stability, and decrease in risk of fall in patients with

gait disorder,34 but a recent meta-analysis has shown inconclu-

sive results on the effect of drugs that are used in dementia to

treat gait impairment.35

The NPIQ scale assesses behavioral and psychological

changes that occur more commonly in patients with dementia.

Patients with AD may develop symptoms with frontal domi-

nance, such as personality changes, anxiety, depression, psy-

chotic syndromes, and obsessive compulsive disorder in mild

to moderate stages and can be a good predictor of gait distur-

bance. Several authors relate different gait disorders and falls

with depression.36,37 In our series, patients with gait disorders

increased the rates of neuropsychiatric symptoms and took

more psychiatric drugs. And finally, in our study, the age at

the onset of the disease is not a predictive factor to develop

gait disorders, despite the fact that previous studies have

related a high prevalence of gait disorders to age, which

increased with advancing age.38 However, this may be due

to risk factors such as hypertension, stroke, and arthritis.4,37

Although in our study, we didn’t find a relationship between

gait disturbance and comorbid diseases, this relationship has

been valued by Inzitari et al.39

We found worst scores on the disability scale RDRS in

patients presenting gait disturbance. Patients with greater dis-

ability in the early stages of the disease reach gait disturbance

sooner, so it could be a good predictor of gait disturbance.

Besides, we have observed that males develop gait disturbance

more frequently than females, unlike other series where it was

more common in women,23 although these differences were not

statistically significant either in our series or in other studies.40

According to Tinetti,21 gait disturbance results in an

increase in the risk of falls in patients with AD. The falls are

events that might be related to an increase in the number of

fractures, loss of mobility, being bedridden, early institutiona-

lization, and increased use of medication. Therefore, the reduc-

tion in the number of falls is important for the maintenance of

the functional independence of the patients as well as in the

prevention of sequelae resulting from those events.

Our study has several limitations. First and most notably, the

sample size, being small, can lead us to a great degree of varia-

bility in the results, and to the consideration of other factors,

both intrinsic and extrinsic. Second, Tinetti test is valid for the

Figure 1. Time to gait disturbance.

Table 2. Gait Disturbance in the 72 Patients With Alzheimer’s
Disease (Crude HR).

Variable HR 95% CI P

Sex 1.17 0.63-2.14 .61
Age at onset 1.03 0.98-1.09 .21
Comorbid vascular diseases 1.36 0.62-3.00 .44
GDS scale 0.84 0.57-3.009 .41
Psychotropic drugs 0.87 0.49-1.54 .63
Time with treatment 0.79 0.68-0.92 <.01
NPIQ-stress 1.09 1.02-1.16 .01
NPIQ-severity 1.10 1.02-1.19 <.01
MNA 1.08 0.94-1.23 .25

Abbreviations: CI, confidence interval; GDS, Global Deterioration Scale of
Reisberg; HR, hazard ratio; MNA, Mini-Nutritional Assessment; NPIQ,
Neuropsychiatric Inventory Questionnaire.

Table 3. Cox Regression Model (Crude HR).a

Variable HR 95% CI P

NPIQ-stress 1.13 1.05-1.21 <.01
Time with treatment 0.72 0.59-1.21 <.01

Abbreviations: CI, confidence interval; HR, hazard ratio; NPIQ,
Neuropsychiatric Inventory Questionnaire.
a�2 log likelihood ¼ 251.53; w2 ¼ 17.20, with 2 df (dregrees of freedom),
P < .01.
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elderly individuals and not for dementia and therefore break

points of reference are for seniors, although there are few stud-

ies in dementia. And finally, patients were recruited in the neu-

rology clinic and they were at different stages of the disease,

with a delay of 1.7 years from the onset of the symptoms. How-

ever, due to the active recruitment of patients for the study,

86% of them were in a mild–moderate stage.

Strengths of this study include (1) the application of widely

accepted diagnostic criteria for AD, (2) assessment of nutri-

tional status and comorbidity, (3) the use of a valid and reliable

system to measure progress, and (4) prospective design of this

study with a 5-year follow-up which makes this data set rela-

tively unique. The results of this study should be interpreted

in light of its limitations. It was designed as an initial explora-

tion in people with mild to moderate AD to assess gait disorders

and identify risk factors, and we believe that the effect of treat-

ment should be assessed with clinical trials.

In conclusion, gait impairment is frequent and it appears

early in the course of AD. The results allow us to identify the

risk factors. This study has important implications for public

health and clinical practice. This study and previous studies

have reported that abnormal gait predicts greater risk of falls,

dementia, institutionalization, and death. The high prevalence

and incidence of abnormal gait and its association with multi-

ple adverse outcomes in elderly adults require urgent attention.
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