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Chapter 1

General introduction 
Falls in nursing home residents  
with dementia

 
 
 
 
Falls in the elderly

Falls are a major health problem among the elderly,1-2 particularly in nursing homes,3-6 
and are associated with considerable morbidity and mortality,2, 7-8 and with substantial 
economic costs.9-10 In nursing homes 30% to 70% of the residents experience at least one 
fall per year,11 with one-third of all falls resulting in an injury.10 Nursing home residents 
are three times more likely to fall compared with their community-dwelling counter-
parts, approximately 1.5 falls per bed per year occur in somatic nursing homes and more 
than 2 falls per bed per year in psychogeriatric nursing homes.12-13 In summary, nursing 
home residents with dementia are at particular risk of falling and this group has the 
highest fall incidence.

Risk fac tors

Previous research has identified numerous risk factors for falls.1, 3, 14-20 The risk factors can 
be classified as either intrinsic or extrinsic.1, 7 Intrinsic risk factors are related to the indi-
vidual, for example balance and gait impairments,1, 6, 14-15 lower extremity weakness,1, 6, 14 
use of psychotropic drugs (antipsychotics, anxiolytics, hypnotics and sedatives, antide-
pressants),21-24 dementia and cognitive impairment,3, 14, 25-26 and medical conditions (e.g. 
cardiovascular disease, stroke, urinary incontinence, visual impairment).1, 7, 14 Extrinsic 
risk factors for falls are environmental factors like thresholds, stairs, poor lighting and so 
on.27-28 The risk of falling increases linearly with the number of risk factors.1

Because of the magnitude of the problem of falls in nursing home residents with 
dementia, it is important to systematically evaluate the fall risk profile of each indi-
vidual resident so that for each resident tailor-made preventive measures (e.g. physical 
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therapy, drug withdrawal, hip protectors) can be taken in time. A systematic evaluation 
of fall risk should include an assessment of all major contributing components, such as a 
history of previous falls, impaired balance and gait, use of fall risk increasing drugs, and 
existing medical problems.29 Each single risk factor should be assessed with the help of 
specific instruments, which have proven feasibility, reliability and validity in the target 
population.

In nursing home residents with dementia, there is a high prevalence of balance 
and gait impairments,30-31 and of neuropsychiatric symptoms and behavioral distur-
bances.32-34 The prevalence of balance and gait impairments can increase to over 70% 
in patients with dementia.30-31 Furthermore, 63% to 79% of nursing home residents with 
dementia are treated with psychotropic drugs35-37 because of neuropsychiatric symp-
toms or behavioral disturbances, which occur in more than 80% of this population.32-34

Therefore, special efforts should be made in such a population to identify potentially 
modifiable risk factors, such as balance and gait impairments,38 and psychotropic drug 
use.39-40 More knowledge of these highly prevalent risk factors might provide clues to 
designing effective interventions.

Fall risk and balance and gait impairments

Balance and gait impairments are strong predictors for falling.1, 11, 28, 41 Gait impairments 
are associated with severity of dementia.42 To assess balance and gait, the Tinetti Perfor-
mance Oriented Mobility Assessment (POMA) can be used. The POMA is a widely used 
clinical measure that provides an insight into the impairments in balance and gait, and 
which has the ability to predict fall risk in nursing home residents.43 Clinimetric proper-
ties like reliability and validity of the POMA have been well demonstrated.43-46 The POMA 
has been recommended as part of a multidisciplinary evaluation tool for fall risk in nurs-
ing home patients with dementia in the Netherlands.11, 47

The original test was developed and used in an institutionalized population of 
intermediate care residents with chronic diseases, who were independent or required 
minimal assistance in activities of daily living.43 However, the POMA has not yet been 
tested in nursing home populations with dementia. Dementia is a process of progressive 
deterioration in memory, judgement, attention and executive functions, and may be ac-
companied by aphasia and apraxia.48 Therefore, this type of population presents special 
problems when testing physical performance. This could make the POMA less suitable 
for persons with severe cognitive impairment.

An electronic walkway system that objectively quantifies walking function49-50 is less 
dependent on cognition. Quantitative studies of walking in older fallers have found gait 
parameters that distinguish fallers from non-fallers. It has been shown that increased 
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Chapter 1 9

stride-to-stride variability in stride length, stride time, speed, stride width, and in double-
support time are associated independently with falling in community-dwelling older 
adults,19, 51 and that decreased cadence (steps/minute) is associated independently with 
falling in nursing home patients with advanced Alzheimer disease.52 The advantage of 
studying gait parameters with an electronic walkway system is that there is no executive 
functioning required like in the POMA items. Therefore, an electronic walkway system 
might be more feasible and valid than the POMA to predict fall risk in a population of 
nursing home residents with dementia. However, this has not been tested yet.

Fall risk and psychotropic drug use

Drugs constitute a major part of modifiable risk factors for falls.39-40 Previous reviews and 
meta-analyses have shown an increased fall risk for the use of psychotropic drugs.21, 23-24 
The use of two or more psychotropic drugs increased the incidence of falls further.23 
Several studies have shown that benzodiazepines, antidepressants, and antipsychotics 
were independent fall risk factors.23-24, 53

However, none of the studies in the above mentioned meta-analyses was done in 
the specific population of nursing home residents with dementia. The contribution of 
psychotropic drugs to fall risk in nursing home residents with dementia must still be 
quantified. When this study was initiated, it was unknown whether psychotropic drug 
use remains an independent fall risk factor in high risk patients with dementia, who 
might function better because of these drugs. In addition, it was unknown whether 
dose-response relationships existed between psychotropic drug use and falls.



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

10 Chapter 1

References

	 1.	 Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly persons living in the com-
munity. N Engl J Med 1988;319:1701-7.

	 2.	 Hartholt KA, van Lieshout EM, Polinder S, Panneman MJ, van der Cammen TJ, Patka P. Rapid 
increase in hospitalizations due to fall-related head injury in older adults in the Netherlands 
1986-2008. J Neurotrauma 2011;28:739-44.

	 3.	 Bueno-Cavanillas A, Padilla-Ruiz F, Jimenez-Moleon JJ, Peinado-Alonso CA, Galvez-Vargas R. Risk 
factors in falls among the elderly according to extrinsic and intrinsic precipitating causes. Eur J 
Epidemiol 2000;16:849-59.

	 4.	 Heinze C, Halfens RJ, Dassen T. Falls in German in-patients and residents over 65 years of age. J 
Clin Nurs 2007;16:495-501.

	 5.	 Jensen J, Lundin-Olsson L, Nyberg L, Gustafson Y. Fall and injury prevention in older people living 
in residential care facilities. A cluster randomized trial. Ann Intern Med 2002;136:733-41.

	 6.	 Krueger PD, Brazil K, Lohfeld LH. Risk factors for falls and injuries in a long-term care facility in 
Ontario. Can J Public Health 2001;92:117-20.

	 7.	 American Geriatrics Society, British Geriatrics Society and American Academy of Orthopaedic 
Surgeons Panel on Falls Prevention. Guideline for the prevention of falls in older persons. J Am 
Geriatr Soc 2001;49:664-72.

	 8.	 Hartholt KA, van der Velde N, Looman CW, et al. Trends in fall-related hospital admissions in older 
persons in the Netherlands. Arch Intern Med 2010;170:905-11.

	 9.	 Hartholt KA, van Beeck EF, Polinder S, et al. Societal Consequences of Falls in the Older Popula-
tion: Injuries, Healthcare Costs, and Long-Term Reduced Quality of Life. J Trauma 2010.

	 10.	 Nurmi I, Luthje P. Incidence and costs of falls and fall injuries among elderly in institutional care. 
Scand J Prim Health Care 2002;20:118-22.

	 11.	 CBO, Dutch Institute for Healthcare Improvement. Guideline for prevention of fall incidents in old 
age. (In Dutch). Alphen aan den Rijn: Van Zuiden Communications BV; 2004.

	 12.	 Dijcks BP, Neyens JC, Schols JM, van Haastregt JC, de Witte LP. [Falls in nursing homes: on 
average almost two per bed per year, resulting in a fracture in 1.3%]. Ned Tijdschr Geneeskd 
2005;149:1043-7.

	 13.	 Rubenstein LZ, Josephson KR, Robbins AS. Falls in the nursing home. Ann Intern Med 
1994;121:442-51.

	 14.	 Graafmans WC, Ooms ME, Hofstee HM, Bezemer PD, Bouter LM, Lips P. Falls in the elderly: a 
prospective study of risk factors and risk profiles. Am J Epidemiol 1996;143:1129-36.

	 15.	 Tromp AM, Smit JH, Deeg DJ, Bouter LM, Lips P. Predictors for falls and fractures in the Longitudi-
nal Aging Study Amsterdam. J Bone Miner Res 1998;13:1932-9.

	 16.	 Kiely DK, Kiel DP, Burrows AB, Lipsitz LA. Identifying nursing home residents at risk for falling. J Am 
Geriatr Soc 1998;46:551-5.

	 17.	 Thapa PB, Gideon P, Brockman KG, Fought RL, Ray WA. Clinical and biomechanical measures of 
balance as fall predictors in ambulatory nursing home residents. J Gerontol A Biol Sci Med Sci 
1996;51:M239-46.

	 18.	 Lipsitz LA, Jonsson PV, Kelley MM, Koestner JS. Causes and correlates of recurrent falls in ambula-
tory frail elderly. J Gerontol 1991;46:M114-22.

	 19.	 Maki BE. Gait changes in older adults: predictors of falls or indicators of fear. J Am Geriatr Soc 
1997;45:313-20.



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Chapter 1 11

	 20.	 Luukinen H, Koski K, Laippala P, Kivela SL. Risk factors for recurrent falls in the elderly in long-term 
institutional care. Public Health 1995;109:57-65.

	 21.	 Woolcott JC, Richardson KJ, Wiens MO, et al. Meta-analysis of the impact of 9 medication classes 
on falls in elderly persons. Arch Intern Med 2009;169:1952-60.

	 22.	 Ziere G, Dieleman JP, Hofman A, Pols HA, van der Cammen TJ, Stricker BH. Polypharmacy and falls 
in the middle age and elderly population. Br J Clin Pharmacol 2006;61:218-23.

	 23.	 Leipzig RM, Cumming RG, Tinetti ME. Drugs and falls in older people: a systematic review and 
meta-analysis: I. Psychotropic drugs. J Am Geriatr Soc 1999;47:30-9.

	 24.	 Hartikainen S, Lonnroos E, Louhivuori K. Medication as a risk factor for falls: critical systematic 
review. J Gerontol A Biol Sci Med Sci 2007;62:1172-81.

	 25.	 van Doorn C, Gruber-Baldini AL, Zimmerman S, et al. Dementia as a risk factor for falls and fall 
injuries among nursing home residents. J Am Geriatr Soc 2003;51:1213-8.

	 26.	 Chen XL, Liu YH, Chan DK, Shen Q, Van Nguyen H. Characteristics associated with falls among 
the elderly within aged care wards in a tertiary hospital: a retrospective. Chin Med J (Engl) 
2010;123:1668-72.

	 27.	 Sattin RW, Rodriguez JG, DeVito CA, Wingo PA. Home environmental hazards and the risk of fall 
injury events among community-dwelling older persons. Study to Assess Falls Among the Elderly 
(SAFE) Group. J Am Geriatr Soc 1998;46:669-76.

	 28.	 Studenski S, Duncan PW, Chandler J, et al. Predicting falls: the role of mobility and nonphysical 
factors. J Am Geriatr Soc 1994;42:297-302.

	 29.	 Neyens JC, Dijcks BP, Twisk J, et al. A multifactorial intervention for the prevention of falls 
in psychogeriatric nursing home patients, a randomised controlled trial (RCT). Age Ageing 
2009;38:194-9.

	 30.	 Manckoundia P, Mourey F, Pfitzenmeyer P. [Gait and dementias]. Ann Readapt Med Phys 
2008;51:692-700.

	 31.	 Allan LM, Ballard CG, Burn DJ, Kenny RA. Prevalence and severity of gait disorders in Alzheimer’s 
and non-Alzheimer’s dementias. J Am Geriatr Soc 2005;53:1681-7.

	 32.	 Zuidema SU, Derksen E, Verhey FR, Koopmans RT. Prevalence of neuropsychiatric symptoms in a 
large sample of Dutch nursing home patients with dementia. Int J Geriatr Psychiatry 2007;22:632-
8.

	 33.	 Zuidema SU, de Jonghe JF, Verhey FR, Koopmans RT. Predictors of neuropsychiatric symptoms 
in nursing home patients: influence of gender and dementia severity. Int J Geriatr Psychiatry 
2009;24:1079-86.

	 34.	 Majic T, Pluta JP, Mell T, et al. The pharmacotherapy of neuropsychiatric symptoms of dementia: a 
cross-sectional study in 18 homes for the elderly in Berlin. Dtsch Arztebl Int 2010;107:320-7.

	 35.	 Nijk RM, Zuidema SU, Koopmans RT. Prevalence and correlates of psychotropic drug use in Dutch 
nursing-home patients with dementia. Int Psychogeriatr 2009;21:485-93.

	 36.	 Mann E, Kopke S, Haastert B, Pitkala K, Meyer G. Psychotropic medication use among nursing 
home residents in Austria: a cross-sectional study. BMC Geriatr 2009;9:18.

	 37.	 Azermai M, Elseviers M, Petrovic M, van Bortel L, Stichele RV. Assessment of antipsychotic pre-
scribing in Belgian nursing homes. Int Psychogeriatr 2011:1-9.

	 38.	 Rolland Y, Pillard F, Klapouszczak A, et al. Exercise program for nursing home residents with 
Alzheimer’s disease: a 1-year randomized, controlled trial. J Am Geriatr Soc 2007;55:158-65.

	 39.	 Campbell AJ, Robertson MC, Gardner MM, Norton RN, Buchner DM. Psychotropic medication 
withdrawal and a home-based exercise program to prevent falls: a randomized, controlled trial. J 
Am Geriatr Soc 1999;47:850-3.



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

12 Chapter 1

	 40.	 van der Velde N, Stricker BH, Pols HA, van der Cammen TJ. Risk of falls after withdrawal of fall-risk-
increasing drugs: a prospective cohort study. Br J Clin Pharmacol 2007;63:232-7.

	 41.	 Speechley M, Tinetti ME. Assessment of risk and prevention of falls among elderly persons: role of 
the physiotherapist. Physiother Can 1990;4:75-9.

	 42.	 Nakamura T, Meguro K, Sasaki H. Relationship between falls and stride length variability in senile 
dementia of the Alzheimer type. Gerontology 1996;42:108-13.

	 43.	 Tinetti ME. Performance-oriented assessment of mobility problems in elderly patients. J Am 
Geriatr Soc 1986;34:119-26.

	 44.	 Faber MJ, Bosscher RJ, van Wieringen PC. Clinimetric properties of the performance-oriented 
mobility assessment. Phys Ther 2006;86:944-54.

	 45.	 McGinty SM, Masters LD, Till DB. Inter-tester reliability using the Tinetti Gait and Balance Assess-
ment Scale. Issues on aging 1999;22:3-5.

	 46.	 Raiche M, Hebert R, Prince F, Corriveau H. Screening older adults at risk of falling with the Tinetti 
balance scale. Lancet 2000;356:1001-2.

	 47.	 Neyens JC, Dijcks BP, de Kinkelder A, Graafmans WC, Schols JM. [CBO guidelines to prevent ac-
cidental falls in the elderly: how can it be used in the institutionalized elderly?]. Tijdschr Gerontol 
Geriatr 2005;36:155-60.

	 48.	 American Psychiatric Association. Diagnostic and statistical manual of mental disorders. Fourth 
edition (DSM-VI-TR). Washington, DC; 2000.

	 49.	 Bilney B, Morris M, Webster K. Concurrent related validity of the GAITRite walkway system for 
quantification of the spatial and temporal parameters of gait. Gait Posture 2003;17:68-74.

	 50.	 McDonough AL, Batavia M, Chen FC, Kwon S, Ziai J. The validity and reliability of the GAITRite 
system’s measurements: A preliminary evaluation. Arch Phys Med Rehabil 2001;82:419-25.

	 51.	 Hausdorff JM, Rios DA, Edelberg HK. Gait variability and fall risk in community-living older adults: 
a 1-year prospective study. Arch Phys Med Rehabil 2001;82:1050-6.

	 52.	 Camicioli R, Licis L. Motor impairment predicts falls in specialized Alzheimer care units. Alzheimer 
Dis Assoc Disord 2004;18:214-8.

	 53.	 Ziere G, Dieleman JP, van der Cammen TJ, Hofman A, Pols HA, Stricker BH. Selective serotonin 
reuptake inhibiting antidepressants are associated with an increased risk of nonvertebral frac-
tures. J Clin Psychopharmacol 2008;28:411-7.



13

Chapter 2

Aim of the thesis
 
 
 
 
 
 
 
 
 
 
 
As described in the introduction of this thesis, nursing home residents with dementia 
are at particular risk of falling. Psychotropic drug use, and balance and gait impairments 
are strong predictors for falling.

As a clinical physiotherapist, my interest in the possible relationship between psycho-
tropic drug use, and gait and falls was aroused when a nursing home physician asked me 
to judge whether a certain resident walked better after a dose reduction of a psychotropic 
drug, in this case haloperidol. The dose of haloperidol was reduced because of the falls 
that this resident had experienced. Then came a few questions to me. First, although it is 
generally known that nursing home residents with dementia have an increased fall risk, I 
was interested whether psychotropic drug use was an independent fall risk factor in this 
high risk population. Second, I wondered whether the dose reduction would reduce the 
fall risk. In other words, is fall risk dependent on the dose of a psychotropic drug? The 
idea arose to investigate the precise contribution of psychotropic drugs to fall risk. Third, 
I wondered whether this resident actually walked better after the dose reduction, and 
to what extent walking patterns are predictive of future falls. This stressed the need for a 
suitable instrument to measure gait and mobility. Then I experienced that mobility tests 
for the prediction of fall risk, which are recommended in the international literature1-2 
and in the Dutch national guideline for the prevention of fall incidents in older people,3 
are difficult to apply in everyday practice in nursing home residents with dementia. 
Moreover, the Dutch national guideline highlighted that there was a lack of research on 
mobility tests and falls in Dutch nursing homes.3 So, it seemed necessary to investigate 
whether there was an appropriate test to monitor balance and gait, and to predict fall 
risk in this highly vulnerable group.
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This thesis describes our work in two major parts. The objective described in the first 
part of this thesis was to gain more knowledge about the assessment of balance and 
gait with regard to fall risk in residents of a psychogeriatric nursing home. We addressed 
the following research questions:
1.	 Is the Tinetti Performance Oriented Mobility Assessment (POMA) a feasible and valid 

instrument to predict short-term fall risk in ambulatory nursing home residents with 
dementia?

2.	 Is an electronic walkway system a feasible and valid instrument to predict short-term 
fall risk in ambulatory nursing home residents with dementia?

3.	 Which of the gait parameters has the best predictive value with regard to fall risk in 
this specific population?

In the second part of this thesis we describe the contribution of psychotropic drug use to 
fall risk in a psychogeriatric nursing home. We addressed the following research questions:
1.	 Which psychotropic drugs increase fall risk and what is known about the influence of 

these drugs on gait in nursing home residents with dementia?
2.	 What is the magnitude of the associations between specific psychotropic drugs and 

fall risk in nursing home residents with dementia?
3.	 Are there dose-response relationships between specific psychotropic drugs and fall 

risk in nursing home residents with dementia; and between specific psychotropic 
drugs and the risk of an injurious fall?

Figure 1 shows the outline of this thesis schematically. Part I (chapter 3 and chapter 4) 
deals with the prediction of fall risk by balance and gait parameters in nursing home 
residents with dementia. In chapter 3, we describe the results of a prospective cohort 
study in which we evaluated the feasibility and examined the inter-rater reliability and 
the predictive ability of the POMA to predict fall risk. We focused on the prediction of 
fall risk in the short term (i.e. three months). In chapter 4, we report the results of a pro-
spective cohort study on the validity of gait parameters as measured with an electronic 
walkway system, the GAITRite® walkway, in predicting short-term fall risk. Furthermore, 
we present which of the GAITRite® parameters had the best predictive value with regard 
to fall risk.

Part II (chapter 5, 6 and 7) deals with the contribution of psychotropic drug use to fall 
risk in nursing home residents with dementia. In chapter 5, we describe a systematic re-
view of the literature. We investigated which psychotropic drugs increased fall risk, and 
what was known about the influence of these drugs on gait parameters in nursing home 
residents with dementia. In chapter 6, we present an analysis of the magnitude of the 
associations between specific psychotropic drugs and fall risk. Furthermore, we describe 
our exploration of the dose-response relationships between specific psychotropic drugs 
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and fall risk. Chapter 7 describes our analysis of the dose-response relationship between 
the use of specific psychotropic drugs and injurious falls. Finally, in chapter 8, we reflect 
on our main findings, and discuss the implications of our results for daily health care 
practice and for future research.

Part 1
Chapter 3
Chapter 4

Part 2
Chapter 5
Chapter 6
Chapter 7

Psychotropic
drugs

Balance and gait
impairments

Dementia Falls

Figure 1 Outline of this thesis
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Chapter 3

Is the Tinetti Performance Oriented 
Mobility Assessment (POMA) a feasible and 
valid predictor of short-term fall risk in 
nursing home residents with dementia?
Sterke CS, Huisman SL, van Beeck EF, Looman CW, van der Cammen TJ. Int Psychogeriatr 
2010;22:254-63.

Abstr ac t

Background The feasibility and predictive validity of balance and gait measures in more 
severe stages of dementia have been understudied. We evaluated the clinimetric prop-
erties of the Tinetti Performance Oriented Mobility Assessment (POMA) in nursing home 
residents with dementia with a specific objective of predicting falls in the short term.

Methods Seventy-five ambulatory nursing home residents with dementia, mean age 
81 ± 8 years, participated in a prospective cohort study. All participants underwent the 
full POMA-test. Fall statistics were retrieved from incident reports during a three-month 
follow-up period. The predictive validity was expressed in terms of sensitivity and 
specificity. Loglinear regression analysis was used to examine the relationship between 
POMA scores and the occurrence of a fall.

Results The POMA showed several feasibility problems, with 41% of patients having 
problems in understanding one or more instructions. The inter-rater reliability of the 
instrument was good. The predictive validity was acceptable, with a sensitivity of 
70–85% and a specificity of 51–61% for the POMA and its subtests, and an area under 
the curve (AUC) of 0.70 for POMA-Total (95% CI: 0.53–0.81), 0.67 for POMA-Balance (95% 
CI: 0.52–0.81), and 0.67 for POMA-Gait (95% CI: 0.53–0.81). After loglinear regression 
analysis, only POMA-Total was significant in predicting a fall (adjusted HR=1.08 per point 
lower; 95% CI 1.00–1.17).

Conclusions Application of the POMA in populations with moderate to severe dementia 
is hampered by feasibility problems. Its implementation in clinical practice cannot there-
fore be recommended, despite an acceptable predictive validity. To refine our findings, 
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20 Chapter 3

large prospective studies on the predictive validity of the POMA in populations with 
mild, moderate and severe dementia are needed. In addition, the performance of mobil-
ity assessment methods that are less dependent on cognition should be evaluated.

Introduc tion

Falls are a major health problem among older people, particularly in nursing homes.1-2 
Drug use, and gait and mobility impairments are strong predictors for falling.3-7 Studies 
examining the relationship between falls and gait function in nursing home residents 
with dementia indicate that the number of falls and gait impairments increases with 
advancing severity of dementia.8-9

The Tinetti Performance Oriented Mobility Assessment (POMA) is a widely used clinical 
measure that provides an insight into the abnormalities in balance and gait, and which 
has the ability to predict fall risk. Clinimetric properties like reliability and validity of the 
POMA have been well demonstrated.10-13

The original test was developed and used in an institutionalized population of interme-
diate care residents with chronic diseases, who were independent or required minimal 
assistance in activities of daily living.10 A recent study of the validity and reliability of the 
POMA revealed that this test is also suitable for measuring gait and mobility in patients 
with mild to moderate dementia.14 However, the POMA has not yet been tested in 
populations with moderate to severe dementia. It is therefore not clear if the POMA can 
be used in a population of nursing home residents with moderate to severe dementia. 
This type of population presents special problems when testing physical performance. 
Dementia is a process of progressive deterioration in memory, judgment, attention and 
executive functions, and may be accompanied by aphasia and apraxia.15 The POMA 
items require the ability to perform executive functions, so this could make the POMA 
less suitable for persons with severe cognitive impairment. Because of the magnitude of 
the problem of falls in nursing home residents with dementia, it is important to have a 
test available which is feasible and reliable and has predictive abilities to identify those 
at increased risk of a fall in the short term. This will allow early recognition and interven-
tion in this specific population, in order to prevent falls in a practical way. It is important 
to evaluate systematically the fall risk profile of each individual resident so that tailor-
made preventive measures (e.g. physical therapy, drug withdrawal, hip protectors) can 
be readily applied to each resident. A systematic evaluation of fall risk should include an 
assessment of all major contributing components, such as a history of previous falls, use 
of drugs known to increase the risk of falls, existing medical problems (e.g. with visual 
impairment, incontinence) and impaired balance and mobility. Each single risk factor 
should be assessed with the help of specific instruments, which have proven feasibility, 



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Chapter 3 21

reliability and validity in the target population. In populations with moderate to severe 
dementia, impaired balance and gait are a major component with respect to increased 
fall risk. However, assessment methods for this component, such as the POMA, have not 
yet been tested in these populations. Nevertheless, the POMA has been recommended 
as part of a multidisciplinary evaluation tool for nursing home patients with dementia 
in the Netherlands.4, 16 Internationally, there seems to be a need for an evidence-based 
advice on the best method to asses balance and gait in populations with moderate to 
severe dementia, as part of a multifactorial evaluation.

We therefore evaluated the feasibility, and examined the inter-rater reliability and 
the predictive ability of the POMA to predict fall risk in a population of nursing home 
residents with moderate to severe dementia. We focused on the prediction of fall risk in 
the short term (i.e. three months) because we tested the performance of the POMA in a 
frail population where early recognition is of paramount importance. Identifying those 
patients who have increased fall risk in the short term could allow the timely application 
of preventive measures.

Methods

Design and setting

This design was a prospective cohort study with a three-month follow-up. The Medical 
Ethics Committee of the Erasmus University Medical Center approved the study.

Population and study period

We included nursing home residents with a diagnosis of moderate to severe dementia, 
living in the psychogeriatric nursing home Smeetsland from the De StromenOpmaat-
Groep, Rotterdam, The Netherlands.

Residents living in the chronic care psychogeriatric department because of a diagno-
sis of dementia,15 and who were able to walk independently, were asked to participate in 
the study after written informed consent had been obtained from their legal guardians.

Residents who were not able to stand without the aid of a person or walk indepen-
dently, or who had other types of cognitive impairment such as Korsakoff’s syndrome, 
as well as those without written informed consent from their legal guardians, were 
excluded.

Of the 220 residents with dementia who were resident at the start of the inclusion 
period (1 May until 31 July 2008), 109 were eligible to participate in the study; 111 
residents were not eligible because of the exclusion criteria. The legal guardians of 87 
residents gave their informed consent. Before the test took place, six residents were no 
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longer ambulatory and hence not able to participate further, four residents died and two 
residents refused to participate. Finally 75 residents participated in the study (Figure 1).

Baseline data abstracted from medical records and nursing home charts were: age, 
gender, medication use and comorbid conditions considered potentially causative of 
falls. These comorbid conditions included: visual impairment, urinary incontinence, 
Parkinson’s disease, arthritis and other joint diseases, depression and cardiovascular 
diseases.3, 17 Severity of dementia was defined as stage 5 or 6 on the Global Deterioration 
Scale,18 and was based on the regular multidisciplinary team assessment by the nursing 
home staff, including the nursing home physician. This multidisciplinary team assess-
ment takes place six weeks after admission to the nursing home and thereafter twice a 
year. The most recent assessment before the test date was taken into account.

Falls were recorded on a standardized incidence registration form,19 which is part of 
the incidence registration system. This standard procedure is a national instrument to 
monitor the quality of care in nursing homes in the Netherlands.20 The staff are trained 
to complete the forms immediately that a fall has been witnessed or after a resident 
is found on the floor or any lower level.21 A committee collects the forms and makes 
incidence reports. Falls data were gathered from these reports after a three-month 
follow-up period.

Not able to walk independently
N=111

No informed consent
N=22

Lost before the test took place
N=12

Nursing home residents with dementia in nursing home 
Smeetsland, Rotterdam, The Netherlands

N=220

Eligible participants
N=109

Participants
N=87

Participants
N=75

Figure 1 Flow diagram of participants included and excluded in the study
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POMA

The total POMA scale (POMA-T) consists of a balance scale (POMA-B) and a gait scale 
(POMA-G), and was administered between 1 May and 31 July 2008. The balance subtest 
includes eight positions and position changes that stress stability such as sitting bal-
ance, rising up from a chair, immediate and prolonged standing balance, withstanding a 
nudge on the sternum, balance with eyes closed, turning balance and sitting down. The 
gait subtest reflects gait maneuvers used during normal daily activities. The eight gait 
items are initiation, step length and height, step continuity, symmetry, path deviation, 
trunk sway, walking stance and turning while walking. Some items are graded dichoto-
mously (can/cannot perform) whereas other items are scored 0, 1 or 2 points to denote 
quality of performance. The total score can range from 0 to 28 points, with lower scores 
indicating increased fall risk.10

To assess the inter-rater reliability, one investigator (SH), who received eight hours 
of training on scoring the POMA, and one investigator (CS), with 17 years’ experience 
in physical testing of nursing home residents with dementia, conducted the test on 
75 participants. Both investigators (CS and SH) recorded the findings simultaneously 
without discussion.

First, each participant was invited to perform the eight maneuvers of the POMA-B as 
described in the original protocol.10 If a participant had difficulty in understanding and 
following verbal instructions, we allowed the examiner to use any combination of verbal 
persuasion, physical cueing, and physical assistance required to get the participant to 
stand up from the chair, to turn 360° and to sit down. The participants were encouraged 
to rest between the maneuvers as necessary. If a participant was frightened, uncertain 
or unable to perform certain maneuvers, he or she could proceed to the next item and 
was scored 0 for that maneuver.

Second, we invited each participant to walk 6 meters at his or her natural walking 
speed, turn and walk back as described in the original protocol.10 The gait subtest was 
performed without a walking aid since, in our experience, many older people with 
dementia usually forget their walking aid. To test with a walking aid would not be a true 
reflection of the daily practice in the nursing home. We allowed the examiners to use any 
combination of verbal persuasion, physical cueing, and physical assistance required to 
perform the gait subtest.

A note was made of movements or gestures that suggested that verbal instructions 
of the POMA-B or the POMA-G were not understood; for example, when a participant 
began walking immediately after rising, and didn’t follow the instruction to stand for 
3–5 seconds. In that case it was not possible to score the item “immediate standing bal-
ance.” In the gait subtest it was not possible to test the item “turning while walking” if a 
participant walked straight ahead and failed to follow the instruction to turn and walk 
back.
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In order to gain insight into the effect of our assessment method, an independent 
physiotherapist with 18 years’ experience in physical testing of nursing home residents 
with dementia, but who did not know this specific study group, conducted additional 
tests on a random subsample of 11 participants after one month. The two investigators 
(CS and SH) recorded their findings without discussion during the assessment. The inde-
pendent physiotherapist recorded her findings without discussion after performance.

Statistical analysis

Frequencies were calculated for items in which participants had difficulty in following 
instructions, due to cognitive impairment.

For the POMA-T, as well as for the subscales, intraclass correlation coefficients (ICCs) 
(2,1) were calculated to examine agreement between raters.22

The inter-observer agreement of the individual items of the POMA-B and the POMA-G 
was derived by kappa statistics because of categorical data. An inter-observer agree-
ment of k=0.41 to 0.60 represents moderate agreement. An inter-observer agreement 
of k=0.61 to 0.80 represents a good agreement, while k=0.81 to 1.00 represents a very 
good agreement.23

The predictive validity was expressed in terms of sensitivity and specificity. The sensi-
tivity was defined as the percentage of fallers within three months who were correctly 
identified. Specificity was defined as the percentage of non-fallers within three months 
who were correctly identified. Optimal cut-off values were determined by plotting 
Receiver Operating Characteristic (ROC) Curves for the POMA-T, and for the subtests, to 
determine the point that provided the best trade-off between sensitivity and specific-
ity. The Area under the ROC Curves (AUCs) for the POMA-T, as well as for the subtests, 
were computed, with larger AUC indicating better predictive ability. It is a general rule 
that a test does not discriminate if ROC=0.5; is acceptable if 0.7≤ROC<0.8; is excellent if 
0.8≤ROC<0.9; and is outstanding if ROC≥0.9.24 Positive and negative predictive values 
were calculated for each cut-off score for the POMA and the subtests.

Loglinear regression analysis was used to examine the relationship between each 
participant’s POMA-T, POMA-B and POMA-G scores and the occurrence of a fall within 
three months. Because a considerable proportion of the participants (n=14) did not 
complete the follow-up at three months we had to correct for time-at-risk by way of 
an offset parameter. The time at risk ended at the moment of the first fall or at the end 
of the observation period (i.e. three months or earlier). Hazard ratios (HRs) and 95% 
confidence intervals (CIs) were calculated for POMA-scores, falls history, comorbidities 
and medication use. POMA-T, POMA-B and POMA-G scores were included in multivariate 
models, with adjustments for variables which were significantly associated with a fall in 
the univariate analysis.
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To examine if the prediction of a fall differs between participants who had no difficulty 
in understanding verbal instructions and those who did have difficulty in understand-
ing the instructions of the test, the interaction between test scores and understanding 
was added to the regression model. All statistical analyses were performed using SPSS 
software (version 15.0, SPSS INC., Chicago, IL, U.S.A.).

Results

The mean age ± standard deviation (sd) of the participants was 81 ± 8 years, and 64% 
were female.

The scoring of the POMA-T ranged from 6 to 28 points (mean=18.7, sd=5.9). The scor-
ing of the balance subtest ranged from 0 to 16 points (mean=9.2, sd=4.1). The scoring 
of the gait subtest ranged from 3 to 12 points (mean=8.7, sd=2.5). Twenty residents 
(26.7%) experienced at least one fall during the follow-up period. Of the 75 residents 
who participated in the study, 14 were lost during follow-up. Three participants died, 
two were no longer ambulatory, and left the facility.

Feasibility

Despite the fact that we allowed the examiner to use verbal persuasion, physical cueing 
and physical assistance whenever a participant had difficulty in understanding the in-
structions, we encountered several problems with regard to the feasibility of the POMA 
in this population with dementia. Thirty-one participants (41%) had difficulty following 
one or more instructions of the POMA due to cognitive impairment. For example, when 
testing the item ”immediate standing balance” of the POMA-B, some participants did not 
stand for 3-5 seconds as required but began walking immediately after rising, or were 
holding the chair and it was not clear whether they could stand without holding the 
chair. When testing the item “turning while walking” of the POMA-G some participants 
did not turn but walked straight ahead. Hence it was not possible to score these items.

Inter-rater reliability

The inter-rater reliability expressed as ICCs and k coefficients is shown in Table 1. The ICC 
of the POMA-T scored 0.97, the POMA-B showed an ICC of 0.97, and the POMA-G an ICC 
of 0.88.

Kappa coefficients between the two raters varied for the POMA-B between k=0.65 
(withstanding a nudge on the sternum) and k =0.92 (standing balance with eyes closed). 
Kappa coefficients for the POMA-G varied between k=0.47 (step height), k=0.50 (walking 
stance), k=0.54 (symmetry) and k=0.83 (step length). No k statistic could be computed 
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for the items “sitting balance” and “initiation of gait”, since these items were scored 2 and 
1 respectively for all participants, and thus were treated as a constant.

In the additional testing with the independent assessor, the ICC for the POMA-T scored 
0.80, the POMA-B showed an ICC of 0.75, and the POMA-G scored an ICC of 0.83.

Predictive validity

For the prediction of a fall in the short term, i.e. within three months, the optimal cut-off 
points for each assessment are presented in Table 2. The point with the best predictive 
value for the POMA-T was the score of ≤ 21 with a sensitivity of 85% and a specificity of 
56%. The positive predictive value for a score of ≤ 21 was 38%, which means that the 
probability that a resident with a POMA-T score of ≤ 21 will experience a fall within three 
months is 38%. For the POMA-B, the best predictive value was a score of ≤ 11 points 

Table 1 Intra-class correlation coefficients of the POMA-T, the POMA-B, and the POMA-G and 
Kappa coefficients of the individual POMA-items rated by two raters

Test ICC p-value

POMA-T 0.97 0.00

POMA-B 0.97 0.00

POMA-G 0.88 0.00

POMA items k-value p-value

Balance

sitting balancea -

rising up from a chair 0.88 0.00

standing balance in the first 5 seconds 0.90 0.00

standing balance with feet together 0.87 0.00

standing balance with eyes closed 0.92 0.00

withstanding a nudge on the sternum 0.65 0.00

turning through 360° 0.75 0.00

sitting down 0.69 0.00

Gait

initiationb -

step length 0.83 0.00

step height 0.47 0.00

step continuity 0.71 0.00

symmetry 0.54 0.00

path deviation 0.81 0.00

trunk sway 0.81 0.00

walking stance 0.50 0.00

turning while walking 0.82 0.00

aNo kappa (κ) statistic was computed because sitting balance was a constant.
bNo κ statistic was computed because initiation was a constant.
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with 70% sensitivity and 51% specificity. The positive predictive value for a score of ≤ 
11 was 35%. For the POMA-G, the best predictive value was a score of ≤ 9 points with a 
sensitivity of 70% and a specificity of 61%. The positive predictive value for a score of ≤ 
9 was 37%.

The ROC curves for the POMA-T, the POMA-B, and the POMA-G are plotted in Figure 2. 
The AUC for the POMA-T was 0.70 (95% CI 0.53-0.81, p=0.01). The AUC for the POMA-B 
and POMA-G was 0.67 (95% CI 0.52-0.81, p=0.04) and 0.67 (95% CI 0.53 -0.81, p=0.03) 
respectively.

In the univariate analysis, falls history (HR=2.32; 95% CI 1.00-5.46), POMA-T (HR=1.09; 
95% CI 1.01-1.17) and POMA-B (HR=1.11; 95% CI 1.01-1.23) scores were significantly 
associated with a fall within three months. For participants who had no problem un-
derstanding verbal instructions (n=44) each point lower on the POMA-T was associated 
with a 10% increase in fall risk. For participants who did have problems understanding 
at least one item of the verbal instructions (n=31) each point lower on the POMA-T was 
associated with a 7% increase in fall risk. However, the interaction term was not found 
to be significant (p=0.73). There was no difference in the prediction of a fall between 
those who had difficulties in understanding instructions and those who did not. POMA-
G scores, comorbidities and medication use were not found significant in the univariate 
analysis.

Table 2 The predictive validity of the POMA-T, the POMA-B, and the POMA-G

AUC (95% CI) p-value cut-off score sensitivity specificity PPV NPV

POMA-T 0.70 (0.53-0.81) 0.01

19 65% 61% 36% 81%

20 75% 61% 28% 84%

21* 85% 56% 38% 89%

22 85% 51% 36% 88%

POMA-B 0.67 (0.52-0.81) 0.04

10 55% 61% 34% 78%

11* 70% 51% 35% 81%

12 80% 44% 34% 84%

13 85% 34% 32% 84%

POMA-G 0.67 (0.53-0.81) 0.03

8 45% 68% 37% 78%

9* 70% 61% 37% 81%

10 90% 39% 34% 89%

11 90% 17% 29% 80%

Abbreviations: PPV=positive predictive value; NPV=negative predictive value.
*Cut-off score with the best predictive value.
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In the multivariate model with POMA-T, falls history, age and gender, POMA-T remained 
significantly associated with a fall within three months (Table 3). Each point lower on the 
POMA-T was associated with a 7.9% increase in fall risk. In the multivariate model with 
POMA-B, falls history, age and gender, the POMA-B subtest did not remain significant. In 
the multivariate model with POMA-G, falls history, age and gender, the POMA-G subtest 
was not significant.
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Discussion

In this study population of nursing home residents with a diagnosis of moderate to 
severe dementia, we found a POMA-T score ranging from 6 to 28 (mean=18.7, sd=5.9), 
a POMA-B score ranging from 0 to 16 (mean=9.2, sd=4.1), and a POMA-G score ranging 
from 3 to 12 points (mean=8.7, sd=2.5). We found a good inter-rater reliability and an 
acceptable validity to predict a fall within three months. Nevertheless, the POMA can 
not be recommended yet as an assessment method for balance and gait in populations 
with moderate to severe dementia, because several feasibility problems were observed. 
We found that 41% of the participants had some degree of difficulty in following the 
instructions of the POMA due to cognitive impairment. The performance of the test is 
dependent on how well the participant can understand instructions. In this regard, the 
items of the balance subtest were particularly difficult to perform because they contain 
dual tasks. If a participant was unable to perform a certain item, he or she scored 0 
points. When the score of a specific item is zero because of major cognitive problems, 
severity of dementia could have been the predictor of a fall rather than the balance or 
gait impairment. This stresses the need for further studies, focusing on the differences in 
performance of the POMA between persons who do or do not understand the instruc-
tions.

In our study, we did not find that the association between the test scores and fall 
risk was different in those who had difficulty in following verbal instructions and those 
who did not, but this could be due to lack of power. We found that participants with 
no problems in understanding verbal instructions had an increased fall risk of 10% 
per point lower on the POMA-T, whereas participants with problems in understanding 
verbal instructions showed a 7% increase of fall risk for each point lower. However, these 
differences were not significant. With larger samples, perhaps, significant differences in 

Table 3 Associations between POMA-scores and the occurrence of a fall

Unadjusted HR (95% CI) 
(per point lower)

p-value Adjusted* HR (95%CI )
(per point lower)

p-value

POMA-T 1.09 (1.01-1.17) 0.03 1.08 (1.00-1.17) 0.05

POMA-Ta (n=44) 1.10 (1.00-1.20) 0.05

POMA-Tb (n=31) 1.07 (1.07-1.21) 0.34

POMA-B 1.11 (1.01-1.23) 0.03 1.11 (1.00-1.23) 0.06

POMA-G 1.15 (0.97-1.36) 0.10 1.15 (0.96-1.38) 0.12

*Adjusted HR for age (continuous variable), gender and falls history.
aPOMA-T scores for those without problems in understanding verbal instructions.
bPOMA-T scores for those with problems in understanding at least one item of the verbal 
instructions. Interaction term p-value=0.73.
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results between participants who understand verbal instructions and those who do not 
would be identified.

Because of the low feasibility of the POMA in severe dementia, the performance of 
assessment methods that are less dependent on cognition should be evaluated, such as, 
for example, electronic walkway systems.25

The POMA has the advantage of ease of administration and low cost and was there-
fore chosen for initial testing, but our results show that its application is hampered by 
feasibility problems and alternatives should be considered after careful evaluation.

Other potential limitations of our study are related to our method of assessing inter-
rater reliability. First, two raters working in the same room with a patient might provide 
opportunities for mutual influences. However, in the additional testing we observed that 
the inter-rater reliability between three raters remained good. Second, the reliability 
outcomes of the study might be overestimated, since reliability is likely to be influenced 
by variability in the tester’s instructions, tone of voice, encouragement, and so on.

Our results support previous findings that, in general, the inter-rater reliability of 
the POMA is good to very good. In a study in cognitively intact community-dwelling 
older people, an inter-rater reliability for the POMA-T, as well as for the subscales, of 
over 0.95 was reported.11 In another study in 30 residents living in either self-care or 
nursing-care resides, with a mean age 84.9 years, inter-rater reliabilities for the POMA-
T and the subscales ranged from 0.80 to 0.93. In this study, none of the participants 
had dementia, or they had only mild cognitive impairment. Residents with moderate 
dementia were excluded.13 In one study of 29 hospital inpatients and nursing home 
residents focusing on the inter-rater reliability of scores on the eight individual items 
of the POMA-B, k coefficients ranging from 0.40 to 1.00 were reported, indicating fair 
to good reliability.26 None of the aforementioned studies on the inter-rater reliability of 
the POMA was carried out in a population of residents with dementia. One study on the 
reliability of a physiological test battery designed to assess fall risk in a population of 21 
community-dwelling older people with mild to moderate Alzheimer’s disease, reported 
an ICC of 0.90 for the balance range test.27

Our results on predictive validity are also comparable to previous studies. With regard 
to the predictive validity observed in our study, given optimal cut-off criteria, sensitiv-
ity ranged from 70% to 85% and the specificity ranged from 51% to 65%, with better 
predictive validity for the POMA-T than for the subtests only. In our opinion, the high 
sensitivity we found is more important than the lower specificity in our study. The iden-
tification of a large percentage of fallers within three months creates the opportunity 
for efficient intervention. For example, physical exercise has been shown to improve 
physical performance and reduce fall risk in a population of ambulatory nursing home 
residents with mild to severe Alzheimer’s disease (n=134).28 The consequences for the 
false positives, i.e. non-fallers who were not correctly identified, would not be harmful. 
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They will probably experience a fall during a longer follow-up period, and the interven-
tions (e.g. physical exercise) are not likely to have any damaging side effects. A cut-off 
value of ≤ 21 for POMA-T therefore seems excellent.

In a study in which the same version of the POMA scale was used, a sensitivity of 64% 
for the POMA-T, as well as for the subscales, a specificity ranging from 62.5% to 66.1%, 
and cut-off values of 19 for POMA-T, 10 for POMA-B, and 9 for POMA-G were reported. 
In this study, a follow-up of 10 months was chosen.13 In another study, a sensitivity 
of 70%, and a specificity of 52% were found for a group of 225 community-dwelling 
older people with a mean age of 80.0. In this study, the 40-point version and a one-year 
follow-up were chosen.12

With regard to the predictive accuracy, our study also has limitations. First, all resi-
dents were tested without their usual walking aid, which could have lowered the predic-
tive accuracy. However, there are no studies known which show that walking with a 
walking aid can reduce falls.4 Second, sampling error could have influenced our results 
on predictive validity. Although we obtained a high consent rate (87 of 109 eligible 
patients), consent may perhaps have been lower among legal guardians of residents in 
more severe stages of dementia and the predictive validity of the POMA may have been 
overestimated. Finally, a three-month follow-up is inconsistent with studies of other 
high risk populations, such as older people presenting to Emergency Departments after 
a fall, in which a one-year follow-up was chosen. However, the results of such studies 
cannot be extrapolated to people in residential care.29

Despite the described limitations, our results regarding the predictive validity are 
comparable with other studies and other populations, where longer follow-up times 
have been chosen. We expected that during a longer follow-up period almost the 
whole population would experience at least one fall or would be lost to follow-up. A 
three-month follow-up period was chosen, in the first place, to test the performance 
of the POMA for the timely recognition of fall risk in a frail population. In addition, a 
12-month follow-up period, as recommended for community-dwelling older persons,30 
would have caused much difficulty in interpretation, since in our study population many 
participants would have shown changes in medication and physical status over such a 
period.

We conclude that application of the POMA in populations with moderate to severe 
dementia is hampered by feasibility problems. Its routine implementation in clinical 
practice cannot therefore be recommended, despite good reliability and an acceptable 
predictive validity.

To the best of our knowledge, this is the first study to assess the POMA in nursing 
home residents with moderate to severe dementia. However, because of the possible 
lack of sufficient power in our study, we do not know in detail if and how the prediction 
of fall risk differs between those who understood the instructions and those who did 
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not. To refine our findings, a large prospective study on the predictive validity of the 
POMA in a population with moderate tot severe dementia is needed, and should focus 
on the differences in understanding of instructions between those with mild, moderate 
and severe dementia. In addition, the performance of mobility assessment methods 
that are less dependent on cognition, and might therefore be more feasible, should be 
evaluated in nursing home residents with dementia.
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An electronic walkway can predict 
short-term fall risk in nursing home 
residents with dementia
Sterke CS, van Beeck EF, Looman CWN, Kressig RW, van der Cammen TJM. (Submitted).

 
 
 
Abstr ac t

Objectives To evaluate the feasibility and validity of gait parameters measured with an 
electronic walkway system in predicting short-term fall risk in nursing home residents 
with dementia.

Methods 57 ambulatory nursing home residents with moderate to severe dementia 
participated in this prospective cohort study. We used the GAITRite® 732 walkway system 
to assess gait parameters. Each measurement was followed by a three-month follow-up 
period, resulting in 176 measurements. Falls were retrieved from incident reports. The 
predictive validity of the GAITRite® parameters was expressed in terms of sensitivity 
and specificity. Logistic regression analysis was conducted to examine the association 
between these parameters and falls occurrence within three months.

Results Velocity (OR=1.22; 95% CI 1.04-1.43) and mean stride length (OR=1.19; 95% CI 
1.03-1.40) were the best significant gait predictors of a fall within three months, with a 
sensitivity of 77-84% for velocity and 75-89% for mean stride length, and a specificity 
of 46%-53% for velocity and 47-60% for mean stride length. The test procedure took an 
average of 5 minutes per participant. Some verbal persuasion or physical cueing was 
necessary in 142 measurements (80.7%).

Conclusion Gait parameters as measured with an electronic walkway system can be 
used for the prediction of short-term fall risk in nursing home residents with moderate 
to severe dementia.
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Introduc tion

Nursing home residents are at high risk of falls,1-2 and the risk increases with concurrent 
dementia.1

However, if tailor-made preventive measures are taken in time, the number of falls in 
this population can be reduced significantly.3 In order to take tailored preventive mea-
sures, the fall risk profile of each individual nursing home resident should be periodically 
evaluated. A systematic evaluation of fall risk should include an assessment of all major 
contributing components, including gait and mobility impairments.4-6 Therefore, it is im-
portant to have an assessment method available, which can identify those at increased 
risk of a fall in the short term in this high risk population.

Gait parameters as measured with an electronic walkway system, the GAITRite® walk-
way, have been shown to be able to identify those at risk of a fall in the short term 
in a cohort of hospitalized older patients in an acute care geriatric department.7 The 
feasibility and predictive validity of gait parameters as measured with the GAITRite® 
walkway, in predicting short-term fall risk in nursing home residents with moderate to 
severe dementia, however, has not yet been investigated. We focused on the prediction 
of fall risk in the short term (i.e. within three months after the test procedure), because 
in a frail population early recognition is of paramount importance.

The purpose of this study was to answer the following questions:
1.	 Is the GAITRite® walkway a feasible instrument to predict short-term fall risk in ambu-

latory nursing home residents with moderate to severe dementia?
2.	 Which of the GAITRite® parameters has the best predictive value with regard to fall 

risk in this specific population?

Methods

Design and setting

This design was a prospective cohort study. The study took place over a period of 15 
months, from April 11th 2006 till September 10th 2008 inclusive. The Medical Ethics 
Committee of the Erasmus University Medical Center approved the study.

Population and study period

Residents who lived in the psychogeriatric nursing home Smeetsland of the De Stro-
menOpmaatGroep, Rotterdam, The Netherlands, and who were able to walk over a 
distance of at least 10 meters independently, were asked to participate in the study. 
Written informed consent was obtained from their legal guardians. All residents in the 



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Chapter 4 37

nursing home met the DSM-IV-TR criteria for the diagnosis of dementia,8 and were clas-
sified as dementia severity stage 5 or 6 on the Global Deterioration Scale (GDS).9 We 
collected data between April 11th 2006 and September 10th 2008. Of the 220 nursing 
home residents who were resident in the study period, 110 were excluded because 
they were not able to walk over a distance of at least 10 meters independently, and 110 
were eligible to participate in the study. The legal guardians of 59 residents gave their 
informed consent. Two residents fell and had a hip fracture before the first test took 
place. Finally 57 nursing home residents participated in the study.

Baseline data

We abstracted the following baseline data from medical records and nursing home 
charts: age, gender, and comorbid conditions that are considered potentially causative 
of falls. These comorbid conditions included: visual impairment (i.e. vision loss that 
could not be optically corrected), urinary incontinence, Parkinson’s disease, arthritis and 
other joint diseases, depression and cardiovascular diseases.10-11 The detailed methods of 
collecting baseline data are described elsewhere.12

Medication use

Daily medication use and dosage were recorded for each participant throughout the 
period that participant was in the study. We extracted data on the use and dose of anti-
psychotics, anxiolytics, hypnotics and sedatives, and antidepressants from the prescrip-
tion database in the medical records.

GAITRite®

We used the GAITRite®-732 system (Biometrics France) to measure and record temporal 
and spatial parameters of gait. It has previously been demonstrated that the GAITRite®-

system has good reliability.13-14 The GAITRite®-system is a portable computer based elec-
tronic roll-up walkway with an overall dimension of 823 cm x 90 cm x 0.6 cm connected 
to a personal computer with application software for calculation of temporal and spatial 
parameters of gait. The active area of the walkway is 732 cm x 61 cm. Pressure sensors 
are embedded into the carpet in a horizontal grid. We followed the guidelines for clinical 
applications of spatial-temporal gait analysis in older adults.15

An experienced physiotherapist asked all participants to walk without a walking aid 
at their preferred walking speed across the carpet. The participants wore their own 
footwear. If the participant had difficulty in understanding the instruction, we allowed 
the physiotherapist to use any combination of verbal persuasion or physical cueing 
required to perform the walk. For each individual test, we noted the amount of verbal 
persuasion and physical cueing. Time needed to perform the whole testing procedure 
was recorded.
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Spatial gait parameters used in this study were: stride length, and heel-to-heel base of 
support or base width. Temporal parameters used were: cadence (steps/minute), stride 
time, velocity, double support time. Variability in the GAITRite® parameters stride length, 
heel-to-heel base support, stride time, and double support time was expressed as coef-
ficients of variation (CV).

The GAITRite® measurements were done with a maximum of five times per participant, 
once at the beginning of the study and then after three, six, nine, and twelve months. 
Each measurement was followed by a three-month follow-up period.

Falls

The staff in the nursing home, where the present study was conducted, are trained 
to record falls on a standardized incidence registration form,16 as used in the national 
incidence registration to monitor quality of care in nursing homes in the Netherlands.17 
They complete the forms immediately when a fall has been witnessed or after a resident 
is found on the floor or any lower level.18 A committee collects the forms and makes 
incidence reports. We gathered falls data from these reports from April 12th 2006 till 
December 10th 2008 inclusive.

Falls history

Because a positive falls history is a known risk factor for further falls,10 we also collected 
data on falls in the previous year before the start of the study from this computer system, 
i.e. from April 12th 2005 till April 12th 2006.

Statistical analysis

We examined the relationship between each participant’s Gaitrite® parameters at 
baseline and the occurrence of at least one fall within a three-month follow-up period. 
Because in this population physical status may change during one year, we repeated 
this procedure for each participant every three-months. Each time, a Gaitrite® measure-
ments was done, it was considered as baseline measurement for the following three 
months. Because residents were tested repeatedly, we used logistic regression analysis 
based on the method of generalized estimating equations (GEE), in order to control for 
the correlated response data. Every three-month period was an observation unit with 
predictors and outcome; Participant id was used as the clustering variable. Odds ratios 
(ORs) with 95% confidence intervals (CI’s) were calculated for Gaitrite® parameters, age, 
gender, falls history, comorbidities, and medication use.

Gaitrite® parameters that were significantly associated with a fall in the univariate 
analysis were included in multivariable models. We adjusted for age, gender, and other 
variables that were significantly associated with a fall in the univariate analysis.
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The predictive validity was expressed in terms of sensitivity and specificity. The sensi-
tivity was defined as the percentage of fallers within three months who were correctly 
identified. Specificity was defined as the percentage non-fallers within three months 
correctly identified. Optimal cut-off values were determined by plotting Receiver Oper-
ating Characteristic (ROC) Curves for the significant Gaitrite® parameters to determine 
the points that provided the best trade off between sensitivity and specificity. The Area 
under the Receiver Operating Characteristic Curves (AUCs) for the Gaitrite® parameters 
were also computed, with larger AUC indicating better predictive ability. It is a general 
rule that a test does not discriminate if ROC=0.5, is acceptable if 0.7≤ROC<0.8, is excel-
lent if 0.8≤ROC<0.9, and is outstanding if ROC≥0.9.19 Positive and negative predictive 
values were calculated for each cut-off score for the Gaitrite® parameters.

All data were analysed using SPSS statistics software, version 16.0 (SPSS INC. Chicago. Il).

Results

Fifty-seven residents participated in the study, 28 were lost during the study period. 
Fifteen persons died, ten became dependent on a wheelchair, 3 refused further par-
ticipation. We obtained a total of 176 measurements. Ten participants were tested five 
times, 17 were tested four times, ten were tested three times, eight were tested two 
times, and 12 participants were tested one time.

The mean age (sd) of the participants was 81.7 (7.0) years. Thirty-five times (19.5%) 
a participant experienced one fall during a three month follow-up period, 33 times 
(18.8%) a participant experienced more than one fall during a three-month follow-up 
period. The subject characteristics as well as GAITRite® performance data are shown in 
Table 1.

Feasibility

With regard to the feasibility of the GAITRite®, the test procedure took an average of 5 
minutes (range 3-10 minutes) per participant to complete. Some verbal persuasion or 
physical cueing was necessary in 142 measurements (80.7%) to perform the test. In 111 
(63.1%) measurements verbal persuasion was needed (the physiotherapist kept repeat-
ing: “walk on” to prevent that the participant stopped walking before or at the end of the 
walkway). In 87 (49.4%) measurements physical cueing was needed (the physiotherapist 
took the participant by the hand to prevent him/her from stopping before or at the end 
of the walkway).
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Predictive validity

In the univariate analysis falls history (OR=2.77; 95% CI 1.34-5.71), age (OR=1.10; 95% 
CI 1.03-1.17), velocity (OR=1.27; 95% CI 1.07-1.51), mean stride length (OR=1.24; 95% 
CI 1.07-1.46), stride length variability (OR=2.16; 95% CI 1.13-4.14), heel-to-heel base 
of support variability (OR=1.54; 95% CI 1.16-2.03), and double support time variability 
(OR=1.50; 95% CI 1.03-2.44) were significantly associated with a fall within three months.

In the multivariable model falls history, age, velocity, mean stride length, heel-to-heel 
base of support variability, and double support time variability remained significantly 
associated with a fall within three months (Table 2).

Table 1 Subject characteristics and GAITRite® performance data

Characteristic

Demographic data

 Mean age [years] (SD) 81.7 (7.0)

 Female [n] (%) 104 (61.2%)

 Visual impairment [n] (%) 39 (22.9%)

 Urinary incontinence [n] (%) 67 (39.4%)

 Arthrosis and other joint diseases [n] (%) 42 (24.7%)

 Cardiovascular diseases [n] (%) 105 (61.8%)

 Parkinson’s disease [n] (%) 1 (0.6%)

Psychotropic drug use

 Antipsychotics [n] (%) 83 (48.8%)

 Anti-anxiety drugs [n] (%) 41 (24.1%)

 Hypnotics [n] (%) 36 (21.2 %)

 Antidepressants [n] (%) 28 (16.5%)

GAITRite® parameters

 Velocity (cm/s) [mean] (sd) 62.8 (24.6)

 Cadence (steps/min) [mean] (sd) 99.2 (16.0)

 Stride-to-stride average

 Stride length (cm) [mean] (sd) 76.3 (26.2)

 Heel-to-heel base of support (cm) [mean] (sd) 10.7 (4.0)

 Stride time (sec) [mean] (sd) 1.3 (0.38)

 Double support time (sec) [mean] (sd) 0.5 (0.4)

 Stride-to-stride variability CV %

 Stride length [mean] (sd) 9.3 (5.4)

 Heel-to-heel base of support [mean] (sd) 19.1 (11.7)

 Stride time [mean] (sd) 9.6 (32.7)

 Double support time [mean] (sd) 14.2 (35.6)

CV=coefficients of variation.
Total n=176 measurements.
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In Figure 1, as an example, the linear relationships between the significant Gaitrite® 
parameters (velocity, mean stride length, heel-to-heel base of support variability, and 
double support time variability) and fall risk are plotted for a male and a female partici-
pant at age 80 and 85 years. For the prediction of a fall in the short term, i.e. within three 
months, cut-off points for the Gaitrite® parameters velocity, mean stride length, heel-
to-heel base of support variability, and double support time variability are presented 
in Table 3. The best predictive values were a velocity of 65-72cm/s (with a sensitivity of 
77-84% and a specificity of 46-53%), a mean stride length of 81-91cm (with a sensitiv-
ity of 75-89% and a specificity of 47-60%), a covariance of 14-20% for the heel to heel 

Table 2 Multivariable odds ratios for falls

Characteristic Unit of change ORa (95% CI) p-value

Age (continuous variable) 1.09 1.03-1.16 <0.01

Gender

 Male 1.16 0.53-2.51 0.71

 Female ref

Falls history 2.77 1.34-5.71 0.01

GAITRite® parameters

 Velocity (cm/s) 10 cm/s decrease 1.22 1.04-1.43 0.01

 Mean stride length (cm) 10 cm decrease 1.19 1.03-1.40 0.02

 Stride length variability (%CV) 10% increase 1.82 0.98-3.35 0.06

 Heel-to-heel base of
 support variability (%CV)

10% decrease 1.49 1.15-1.93 <0.01

 Double support time variability (%CV) 10% increase 1.54 1.05-2.25 0.03

aadjusted for age, gender, and falls history.

 5

Hoofdstuk 4 

 

Figure 1 Linear relationships between the significant Gaitrite® parameters and fall 

risk 
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Figure 2 Receiver operating characteristic curves velocity, mean stride length, heel-

to-heel base of support variability and double support time variability 

Figure 1 Linear relationships between the significant Gaitrite® parameters and fall risk
Linear relationships stratified at age 80 and 85 for a male and a female participant.
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base support variability (with a sensitivity of 57-68% and a specificity of 33-46%), and a 
covariance of 8-10% for the double support time variability (with a sensitivity of 50-74% 
and a specificity of 41-61%).

The ROC curves for the Gaitrite® parameters velocity, mean stride length, heel-to-heel 
base of support, and double support time variability, are plotted in Figure 2. The AUC for 
velocity was 0.66 (p<0.01), for mean stride length 0.67 (p<0.01), for heel-to-heel base of 
support variability 0.59 (p=0.05), and for double support time variability 0.59 (p=0.05).

Discussion

In this study population of nursing home residents with a diagnosis of moderate to se-
vere dementia, we found that the GAITRite® is a feasible instrument to assess short-term 
fall risk. With regard to the predictive validity we found that the Gaitrite® parameters 
velocity, mean stride length, heel-to-heel base of support variability, and double sup-
port time variability were significant predictors of a fall within three months.

Table 3 Predictive validity of the significant Gaitrite® parameters

AUC (95% CI) p-value cut-off 
score

sensitivity specificity PPV NPV

Gait parameters

 Velocity (cm/s) 0.66 (0.58-0.74) <0.01 65 77% 53% 48.0% 78.9%

68 82% 52% 49.0% 81.9%

72 84% 46% 46.8% 81.5%

 Mean stride length 
(cm)

0.67 (0.59-0.75) <0.01 81 75% 60% 49.5% 79.0%

85 86% 52% 50.0% 84.3%

91 89% 47% 48.2% 85.4%

 Heel-to-heel base of
 support variability 
(%CV)

0.59 (0.51-0.68) 0.05 14 57% 33% 42.9% 67.3%

17 60% 56% 43.5% 70.3%

20 68% 46% 41.6% 70.1%

 Double support time
 variability (%CV)

0.59 (0.50-0.68) 0.05 8 74% 41% 27.7% 58.6%

9 63% 51% 29.6% 57.9%

10 50% 61% 31.3% 57.1%

Abbreviations: AUC=Area under the Receiver Operating Characteristic Curve; PPV=positive 
predictive value; NPV=negative predictive value.
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As far as we are aware from the literature, this is the first study to report a positive pre-
dictive validity of the Gaitrite® system in predicting short-term fall risk in nursing home 
residents with moderate to severe dementia. The Gaitrite® parameters velocity and mean 
stride length performed comparable with the Tinetti Performance Oriented Mobility As-
sessment (POMA)20 with regard to the predictive ability.12 The POMA is an instrument to 
monitor gait and mobility, and is recommended as part of a multidisciplinary evaluation 
tool for fall risk in nursing home residents in the Netherlands.4 However, in this popula-
tion the use of the GAITRite® walkway is preferable because this instrument saves time 
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and is not hampered by feasibility problems and information losses as met with the 
application of the POMA.12

A potential limitation of this study concerns the small sample of 57 participants. 
However, by examining the relationship between GAITRite® scores and falls every three 
months, and controlling for the fact that participants were tested repeatedly, we ex-
tended the sample to 176 measurements.

With regard to the predictive accuracy, our study also has limitations. Sampling er-
ror could have influenced our results on predictive validity. Maybe consent was lower 
among legal guardians of residents in more severe stages of dementia, so the predictive 
validity of the Gaitrite® parameters may have been overestimated.

Another potential limitation concerns the possible differences in the amount of 
verbal persuasions and physical cueing. This might have influenced the psychometric 
properties of this task. However, each participant managed to complete the walk on the 
walkway without interruptions, so that for each participant we had the same measure 
while walking on the walkway.

Within the analysis, the cut-off values for determining sensitivity and specificity are 
based on post hoc examinations of the ROC curves. This might introduce a bias into 
the assessed performance (sensitivity and specificity). There could also be a bias in 
the performance of the logistic model as it is being used to derive the regression and 
demonstrate its performance.

In contrast with studies done in community dwelling older adults, we found that the 
reduced velocity and mean stride length were better predictors of falls than variability 
of gait parameters.21-23 The results of our study also differ from other studies with compa-
rable populations.24-25 In a study of 97 nursing home residents with Alzheimer’s disease 
(AD) (mean age 75.2), there was no significant difference between fallers and non-fallers 
in velocity and mean stride length over a two-year follow-up period.25 In another study 
of patients with AD, velocity and mean stride length were not significant for predicting 
falls, probably due to a relatively small sample (n=42) compared with our sample of 176 
measurements.24

The predictive validity of the GAITRite® parameters velocity and mean stride length 
is modest. The conventional fall risk predictor previous falls has a stronger association 
with fall risk than the gait variables. However, previous falls cannot be influenced and 
this study aimed to identify which potentially modifiable risk factors were most strongly 
associated with a fall in the next three months. We think that in spite of finding only 
modest relations, the GAITRite® parameters velocity and mean stride length create the 
opportunity for efficient and individualized tailor-made interventions. For example, 
physical exercise can improve physical performance and reduce fall risk in ambulatory 
nursing home residents with mild to severe AD.26 Physical exercise has cognitive and 
physical benefits besides reducing fall risk, and should be applied to all nursing home 
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residents with dementia. However, because of healthcare costs, not every resident can 
get individual instructions from a physiotherapist. In physical therapy, gait training may 
focus on increasing gait velocity, which may also change other important factors of 
gait.27 Given the high risk of falls in nursing home residents with dementia, we imagine 
that a retained ability to increased velocity and mean stride length, may be ideal candi-
dates for interventions aimed at preventing falls.

If the use of the GAITRite® walkway in practice is hindered because of cost constraints, 
we believe that gait velocity can alternatively be measured using a stopwatch. Previous 
research has shown that the concurrent validity of gait velocity determined from a timed 
corridor walk compared with velocity using the GAITRite® walkway is excellent, with an 
intraclass correlation coefficient of 0.95.27 Using a stopwatch could be an alternative for 
identifying nursing home residents at risk of a fall within three months.

Conclusion

Gaitrite parameters as measured with an electronic walkway system can be used for 
the prediction of short-term fall risk in nursing home residents with moderate to severe 
dementia.
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Chapter 5

The influence of drug use on fall 
incidents among nursing home 
residents: A systematic review
Sterke CS, Verhagen AP, van Beeck EF, van der Cammen TJ. Int Psychogeriatr 2008;20:890-910.

 
 
 
Abstr ac t

Background Falls are a major health problem among the elderly, particularly in nursing 
homes. Abnormalities of balance and gait, psychoactive drug use, and dementia have 
been shown to contribute to fall risk.

Methods We conducted a systematic review of the literature to investigate which psy-
choactive drugs increase fall risk and what is known about the influence of these drugs 
on gait in nursing home residents with dementia. We included studies with a prospec-
tive cohort design on psychoactive drug use in nursing homes with dementia residents 
and with falls as an outcome measure.

Results Seventeen studies were included in the review. Pooled risk estimates were not 
calculated because there was no homogeneity across studies. We assessed the strength 
of evidence for psychoactive drugs as a prognostic factor for falls by defining four levels 
of evidence: strong, moderate, limited or inconclusive. Strong evidence was defined 
as consistent findings (≥ 80%) in at least two high quality cohorts. We found strong 
evidence that the use of multiple drugs (3/3 cohorts, effect sizes 1.30-10.30), antidepres-
sants (10/12 cohorts, effect sizes 1.10-7.60), and anti-anxiety drugs (2/2 cohorts, effect 
sizes 1.22-1.32) is associated with increased fall risk. The evidence for the association of 
other psychoactive drug classes with fall risk was limited or inconclusive.

Conclusions Research on the contribution of psychoactive drugs to fall risk in nursing 
home residents with dementia is limited. The scarce evidence shows, however, that 
multiple drugs, antidepressants and anti-anxiety drugs increase fall risk in nursing home 
populations with residents with dementia.
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Introduc tion

Falls are a major health problem among the elderly, particularly in nursing homes.1-4 
Abnormalities of balance and gait,5-7 psychoactive drug use,5, 8-9 and dementia10-11 have 
been shown to contribute to fall risk. Gait and balance problems usually occur in the 
more advanced stages of dementia,12 and might be due to the use of psychoactive drugs 
such as antipsychotics, antidepressants and sedatives.13

It is generally known that nursing home residents with dementia have an increased 
fall risk, however, the additive effect of psychoactive drugs to fall risk in such residents 
is not known. Also, the mechanisms by which psychoactive drugs increase fall risk (i.e. 
the influence on gait) are not known. As a high proportion of nursing home residents 
with dementia are treated with psychoactive drugs, better knowledge of the influence 
of these medications on fall risk might be useful to prevent further falls. If we know 
the influence of psychoactive drugs on gait, we can use gait measurements to evaluate 
the influence of drugs on gait and on subsequent fall risk. We therefore undertook a 
systematic review of the literature to investigate which psychoactive drugs increase 
fall risk and what is known about the influence of these drugs on gait in nursing home 
residents with dementia.

Methods

Search strategy

Between 1980 and 31 October 2007 inclusive we performed a broad literature search of 
Medline, Cinahl, Cochrane, and Psychlit. The following search terms were used: demen-
tia, cognitive impairment, nursing home resident, elderly, older adult; fall, gait, mobility 
test; drugs, psychoactive medication, psychotropics, antidepressants, benzodiazepines, 
antipsychotics, sedatives. Randomized controlled trials on drug withdrawal as an inter-
vention and prospective cohort studies published until November 2007 were eligible for 
inclusion in the review.

Study selection

Two reviewers independently performed the study selection (CS and TC). Differ-
ences in opinion were resolved by discussion between the two reviewers. First, titles 
and abstracts of identified published articles were reviewed in order to determine their 
relevance. Next, full papers were screened for eligibility. Studies were selected if they 
met the following criteria: (1) residents with dementia were included in the study popu-
lation of nursing home residents; and (2) psychoactive medication use was studied. The 
outcome measures selected were: (1) falls (our primary outcome measure), and (2) gait 
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parameters (our secondary outcome measure, as a possible predictor of risk of falling). 
If residents with advanced dementia were excluded from participation in a study, we 
excluded that study from our analysis.

The two reviewers (CS and TC) independently appraised each full text article that 

passed the first eligibility screening, using a structured form to record our selection 
criteria. Excluded studies and reasons for exclusion were recorded. The references of all 
identified relevant studies were individually searched for additional potentially relevant 
publications. For feasibility reasons, the publication had to be written in English, French, 

German, or Dutch.

Quality assessment

The two reviewers (CS and TC) assessed the methodological quality of the studies inde-
pendently, using the nine-item checklist for quality assessment of prospective cohort 
studies from the Dutch Cochrane Centre website.14 Each item was scored as positive, 
negative (potential bias), or “not enough information provided,” if the paper provided 
insufficient information on a specific item. Differences in scores were resolved by discus-
sion between the two reviewers, and a third reviewer (AV) was consulted if disagree-
ments could not be resolved.

At item nine of the checklist it was decided if the results of the study were valid and 
applicable. Item nine was scored as positive if six or more items scored positive. The 
study was then considered as high quality. Item nine was scored as dubious or negative 
if fewer than six items scored positive, and the study was then considered as low quality.

Data extraction

One reviewer (CS) extracted data concerning population characteristics (mean age, gen-
der, cognitive status, dementia severity) and sample size using a structured data collec-
tion form. Two reviewers (CS and AV) extracted information and data regarding primary 
(falls) and secondary (gait parameters) outcome measures, determinants (psychoactive 
drug use), follow-up period, associations, and adjustments for confounding if reported 
by the authors, using a standardized form for data extraction from prospective cohort 
studies from the Dutch Cochrane Centre website.14 In case of disagreement, consensus 
was achieved by discussion between the two reviewers.

Analysis

The inter-observer agreement of quality assessment was derived by kappa statistics be-
cause of dichotomous values. An inter-observer agreement of k=0.60 to 0.80 represents 
a good agreement. An inter-observer agreement of k=0.80 to 1.00 represents a very 
good agreement.15
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Pooled risk estimates were not calculated because there was no homogeneity across 
studies concerning similar drug classes and outcome measures.

Four levels of evidence were defined to assess the strength of evidence for prognostic 
factors, i.e. strong, moderate, limited and inconclusive (Table 1). Strong evidence was 
defined as consistent findings (≥ 80%) in at least two high quality cohorts.16-17 In the case 
of dichotomous outcomes, positive clinical relevant findings were considered relative 
risks (RRs), odds ratios (ORs) or hazard ratios (HRs)>2.0 or <0.5 or else significant as-
sociations (p<0.05).18 If provided by the authors, positive findings were derived from the 
multivariate results. If only univariate results were available, we used these findings to 
determine the level of evidence.

Table 1 Levels of evidence for prognostic factors

Level of evidence

Strong Consistent findings (≥ 80%) in at least two high quality cohorts

Moderate One high quality cohort and consistent findings (≥ 80%) in one or more low quality 
cohorts

Limited Findings in one cohort or consistent findings in one or more low quality cohorts

Inconclusive Inconsistent findings irrespective of study quality

20 additional studies were retrieved 
by screening references

66 articles were 
excluded through 
failure to meet the 
selection criteria

Computerized search of databases identified 499 
citations. Two reviewers read titles and abstracts

63 articles were retrieved and read by the two reviewers

83 full paper copies were used for the final decision

17 prospective cohort studies were included

Figure 1 Flow diagram of papers accepted and rejected by the reviewers during the selection 
procedure
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Results

Search strategy

The search of the computerized databases identified a total of 499 citations. Based on 
title and abstract, 63 papers were selected, and a full copy of each paper was applied for 
and used for the final decision. Screening of the references of all relevant papers resulted 
in 20 additional studies, making a total of 83. Of these, 43 papers were excluded because 
the design was either a case control study, or a case report; 20 were excluded because 
the study population did not include nursing home residents with dementia or cogni-
tive impairment; and three because they did not describe psychoactive medication as 
a determinant for falls. In 25 of the 66 excluded papers, falls were not described as an 
outcome measure. Randomized controlled trials on drug withdrawal as an intervention 
were not available.

Table 2 Results of the quality assessment, showing numeration of the quality items from the 
Dutch Cochrane Center checklist14

Methodological items

Cohort name 1 2 3 4 5 6 7 8 9 Quality score

Arfken et al., 2001 1 1 1 1 0 1 ? 1 1 7

Avidan et al., 2005 1 1 1 0 ? 1 1 1 1 7

Capezuti et al., 1996 1 1 1 1 0 1 1 1 1 8

Cooper et al., 2007 0 1 1 1 0 1 ? 1 1 6

van Doorn et al., 2003 1 1 1 1 0 1 ? 1 1 7

Hien et al., 2005 1 1 1 1 0 0 1 1 1 7

Kiely et al., 1998 0 1 1 0 ? 1 1 1 1 6

Kuchynka et al., 2004 0 1 ? 1 0 1 ? 1 ? 4

Lipsitz et al., 1991 1 1 1 1 0 1 1 1 1 8

Lord et al., 2003 0 1 0 1 0 1 1 1 1 6

Ray et al., 2000 1 1 1 1 0 1 1 1 1 8

Ray et al., 2002 1 1 1 1 0 1 1 1 1 8

Rosendahl et al., 2002 1 1 1 1 0 1 0 1 1 7

Ruthazer and Lipzitz, 1993 1 1 1 1 0 0 1 1 1 7

Thapa et al., 1995 1 1 1 1 0 1 1 1 1 8

Thapa et al., 1996 1 1 1 1 ? 1 1 1 1 8

Thapa et al., 1998 1 1 1 1 0 1 1 1 1 8

Quality items: sufficient description study population (item 1); exclusion of selection bias (item 
2); sufficient description determinant (item 3); sufficient description outcome (item 4); is the 
outcome blinded for the determinant? (item 5); sufficiently long follow-up (item 6); information 
on completers versus loss to follow up (item 7); information on confounders (item 8); validity 
results (item 9). Items are scored as positive scores (1), negative (0), or unclear (insufficient 
information) (?).
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Table 3 Summary of study characteristics

Cohort Population Determinants Outcome measures Crude estimates
and 95% CI

Adjusted estimates
and 95% CI

Notes

Arfken et al., 2001

Q=7

N=368
Memory problems 
43.7%
Age ± 80
Female ± 70%

Antidepressant (Selective 
serotonine- reuptake inhibitor 
and Non- Selective serotonine- 
reuptake inhibitor) use

Falls (incident reports and fall 
logs)

Injurious falls

Selective serotonine- reuptake 
inhibitor
OR=2.01 (1.23-3.28) Non- Selective 
serotonine-reuptake inhibitor
OR=1.40 (0.65-3.03)

Selective serotonine- reuptake 
inhibitor
OR=1.77 (1.0-3.13)

Adjusted for age, number of medications, number
 of diagnoses, gender, memory problems, restraints.

Avidan et al., 2005

Q=7

N=34163
Moderately -very 
severely cognitive 
impaired 77.3%
Age 84.2 (7.7)
Female 76.5%

Hypnotic use Falls (The Resident Assessment 
Instrument/ Minimum Data Set)

OR=1.29 (1.13-1.48) OR=1.13 (0.98-1.30) Adjusted for age, sex, functional status, cognitive
 status, intensity of resource utilization, burden of
 illness, number of medications taken, emergency 
department visits, and new
 admission.

Capezuti et al., 1996

Q=8

N=322
Severely cognitive 
impaired 27.6%
Age ± 84 (7.3)

Psychoactive drug use Falls (incidence reports) OR=1.78 (1.14-2.79) Not provided Table provides unadjusted estimates, the text
 shows the same figures as adjusted estimates.

Cooper et al., 2007

Q=6

N=177
Age 81.8 (10.7)
Female 79%

No. Psychotropic drug use Falls (patient charts) 1 psychotropic
RR=1.8 (1.21-2.84)
2 psychotropics
RR=3.2 (2.25-4.51)
3 psychotropics
RR=6.7 (4.15-8.53)
4 psychotropics
RR=10.3 (6.91-12.8)

van Doorn et al., 2003

Q=7

N=2015
Demented 48.2%
Age 81.4 (7.6)
Female 70.4%

Antipsychotic, Antianxiety,
Antidepressant medication use

Falls (nursing home charts) Antipsychotics
RR=1.83 (1.48-2.26)
Antianxiety
 medication
RR=1.32 (1.01-1.72)
Antidepressants
RR=1.44 (1.08-1.90)

Not provided

Hien et al., 2005

Q=7

N=898
Mean age 85.7
Female 76%

Antidepressant, Sedatives/ 
anxiolytics, Typical 
antipsychotic, Olanzapine, 
Risperidone use

Falls (incidents reports and 
medical records)

Antidepressants
HR=1.56 (1.19-2.04)
Sedatives/ anxiolytics
HR=1.37 (1.10-1.72)
Typical antipsychotic
HR=1.48 (0.96-2.26) 
Olanzapine
HR=2.35 (1.43-3.87)
Risperidone
HR=1.70 (0.75-3.87)

Antidepressants
HR=1.45 (1.09-1.93)
Sedatives/ anxiolytics
HR=1.19 (0.94-1.50)
Typical antipsychotic
HR=1.35 (0.87-2.09) Olanzapine
HR=1.74 (1.04-2.90)
Risperidone
HR=1.32 (0.57-3.06)

Adjusted for other psychotropics in the model,
 age, sex, type of residential care facility, length
 of stay, residential Classification Scale score,
 Implicit illness severity scale, MMSE-score,
 Parkinson’s disease, previous falls, static
 balance score.

Kiely et al., 1998

Q=6

N=18855
Cognitive impaired
 82%
Median age 87
Female 84%

Antipsychotic and Antianxiety 
medication use

Falls (The Resident Assessment
 Instrument/ Minimum Data Set)

Antipsychotic
OR=1.21 (1.11-1.33)
Antianxiety
OR=1.22 (1.11-1.33)

Not provided
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Table 3 Summary of study characteristics

Cohort Population Determinants Outcome measures Crude estimates
and 95% CI

Adjusted estimates
and 95% CI

Notes

Arfken et al., 2001

Q=7

N=368
Memory problems 
43.7%
Age ± 80
Female ± 70%

Antidepressant (Selective 
serotonine- reuptake inhibitor 
and Non- Selective serotonine- 
reuptake inhibitor) use

Falls (incident reports and fall 
logs)

Injurious falls

Selective serotonine- reuptake 
inhibitor
OR=2.01 (1.23-3.28) Non- Selective 
serotonine-reuptake inhibitor
OR=1.40 (0.65-3.03)

Selective serotonine- reuptake 
inhibitor
OR=1.77 (1.0-3.13)

Adjusted for age, number of medications, number
 of diagnoses, gender, memory problems, restraints.

Avidan et al., 2005

Q=7

N=34163
Moderately -very 
severely cognitive 
impaired 77.3%
Age 84.2 (7.7)
Female 76.5%

Hypnotic use Falls (The Resident Assessment 
Instrument/ Minimum Data Set)

OR=1.29 (1.13-1.48) OR=1.13 (0.98-1.30) Adjusted for age, sex, functional status, cognitive
 status, intensity of resource utilization, burden of
 illness, number of medications taken, emergency 
department visits, and new
 admission.

Capezuti et al., 1996

Q=8

N=322
Severely cognitive 
impaired 27.6%
Age ± 84 (7.3)

Psychoactive drug use Falls (incidence reports) OR=1.78 (1.14-2.79) Not provided Table provides unadjusted estimates, the text
 shows the same figures as adjusted estimates.

Cooper et al., 2007

Q=6

N=177
Age 81.8 (10.7)
Female 79%

No. Psychotropic drug use Falls (patient charts) 1 psychotropic
RR=1.8 (1.21-2.84)
2 psychotropics
RR=3.2 (2.25-4.51)
3 psychotropics
RR=6.7 (4.15-8.53)
4 psychotropics
RR=10.3 (6.91-12.8)

van Doorn et al., 2003

Q=7

N=2015
Demented 48.2%
Age 81.4 (7.6)
Female 70.4%

Antipsychotic, Antianxiety,
Antidepressant medication use

Falls (nursing home charts) Antipsychotics
RR=1.83 (1.48-2.26)
Antianxiety
 medication
RR=1.32 (1.01-1.72)
Antidepressants
RR=1.44 (1.08-1.90)

Not provided

Hien et al., 2005

Q=7

N=898
Mean age 85.7
Female 76%

Antidepressant, Sedatives/ 
anxiolytics, Typical 
antipsychotic, Olanzapine, 
Risperidone use

Falls (incidents reports and 
medical records)

Antidepressants
HR=1.56 (1.19-2.04)
Sedatives/ anxiolytics
HR=1.37 (1.10-1.72)
Typical antipsychotic
HR=1.48 (0.96-2.26) 
Olanzapine
HR=2.35 (1.43-3.87)
Risperidone
HR=1.70 (0.75-3.87)

Antidepressants
HR=1.45 (1.09-1.93)
Sedatives/ anxiolytics
HR=1.19 (0.94-1.50)
Typical antipsychotic
HR=1.35 (0.87-2.09) Olanzapine
HR=1.74 (1.04-2.90)
Risperidone
HR=1.32 (0.57-3.06)

Adjusted for other psychotropics in the model,
 age, sex, type of residential care facility, length
 of stay, residential Classification Scale score,
 Implicit illness severity scale, MMSE-score,
 Parkinson’s disease, previous falls, static
 balance score.

Kiely et al., 1998

Q=6

N=18855
Cognitive impaired
 82%
Median age 87
Female 84%

Antipsychotic and Antianxiety 
medication use

Falls (The Resident Assessment
 Instrument/ Minimum Data Set)

Antipsychotic
OR=1.21 (1.11-1.33)
Antianxiety
OR=1.22 (1.11-1.33)

Not provided
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Table 3 Summary of study characteristics (continued)

Cohort Population Determinants Outcome measures Crude estimates
and 95% CI

Adjusted estimates
and 95% CI

Notes

Kuchynka et al., 2004

Q=4

N=314
Demented 31.8%
Age ± 82
Female 67%

Benzodiazepine use Falls (incidence reports) Not provided Not provided Prevalence: 27 % of the fallers were
 benzodiazepine users, 25 % of the non-fallers
 were benzodiazepine users.

Lipsitz et al., 1991

Q=8

N=126
Cognitive impaired
 N=40
Mean age 87
Female 61%

Antidepressant and Sedative 
medication use

Falls (incidence and computer 
reports, medical records, and 
subject interview)

Antidepressant
OR=5.67 (1.57-20.48)
Sedatives
OR=1.95 (0.89-4.30)

Antidepressant
OR=7.6 (1.6- 35.3)

Adjusted for Medication variables: cardiovascular,
 neuroleptic, sedative, non-steroidal anti-
 inflammatory; Physical examination variables:
 visual acuity, impaired hearing, impaired
 vibration sensation, impaired position sensation,
 impaired touch sensation, lower extremity
 muscle weakness, increased muscle tone,
 apraxia combing hair, dysmetria, orthopedic
 deformity, orthostatic dizziness, orthostatic
 hypotension; Functional examination variables:
 unsteady (eyes open/closed), unsteady (sternal
 push), intermittent turning, unsteady turning,
 chair stand, broad stance, hesitant gait initiation,
 reduced step height, reduced step length, step
 asymmetry, step discontinuity, path deviation,
 trunkal instability; Continuous functional gait
 variables: chair stand, > 25 steps/ 20 foot walk,
 > 18.8 sec/20 foot walk, > 9.1 sec to turn 360, >
 12 steps to turn.

Lord et al., 2003

Q=6

N=228
N=demented?
Age 85 (7.4)
Females 72 %

Sedatives, Antipsychotics, 
Antidepressants, Any 
psychotropic, ≥ 2 psychotropics

Falls (incidence reports and 
medical records)

Sedatives
IRR=1.27 (1.01-1.60)
Antipsychotics
IRR=1.27 (0.92-1.75)
Antidepressants
IRR=1.34 (1.05-1.72)
Any psychotropic
IRR=1.47 (1.20-1.81)
≥ 2 psychotropics
IRR=1.30 (1.00-1.69)

Any psychotropic
IRR=1.36 (1.05-1.76)

Adjusted for age, sex, resident classification
 score, Implicit illness severity score, SMMSE,
 Parkinson’s disease, stroke, day incontinence,
 night incontinence, osteoarthritis in either/both
 knees, fall in previous year, walking aid, ≥4
 medications, visual contrast sensitivity,
 proprioception, quadriceps strength, reaction
 time, sway-on floor, sway-on foam, static
 balance, sit-to-stand ability.

Thapa et al., 1998
Ray et al., 2000
Ray et al., 2002
Q=8

N=2428 (Ray 2000
 N=2510)
Mean age 82
Major cognitive 
impairment 22%
Female 75 %

Benzodiazepine Antidepressant 
(Tricyclic antidepressants,  
Selective serotonine-reuptake 
inhibitor, and Trazodone use)
Antipsychotic and other 
sedatives/ hypnotic specific 
drug use

Falls (incidence reports and 
medical records)

Tricyclic antidepressant
RR=2.4 ( 2.1-2.6)
 Nortriptyline
 RR=2.3 (2.0-2.5)
 Amitriptyline
 RR=2.2 (2.0-2.5)
 Doxepin
 RR=2.4 (2.1-2.8)
 Imipramine
 RR=2.6 (2.2-3.1)
 Other
 RR=3.1 (2.5-3.9)

Tricyclic antidepressant
RR=2.0 ( 1.8-2.2)
 Nortriptyline
 RR=2.0 (1.8-2.3)
 Amitriptyline
 RR=1.9 (1.7-2.1)
 Doxepin
 RR=2.0 (1.7-2.3)
 Imipramine
 RR=2.2 (1.8-2.6)
 Other
 RR=2.4 (1.9-3.0)

Adjusted for age, gender, race, time since
 Admission to facility and since cohort entry,
 body mass index, ambulatory status, number of
 activities of daily living with total dependency,
 incontinence, cognitive impairment, physical
 restraint use, past falls, use of anticonvulsants,
 antiparkinson drugs, antidepressants,
 antipsychotics, and other sedatives.
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Table 3 Summary of study characteristics (continued)

Cohort Population Determinants Outcome measures Crude estimates
and 95% CI

Adjusted estimates
and 95% CI

Notes

Kuchynka et al., 2004

Q=4

N=314
Demented 31.8%
Age ± 82
Female 67%

Benzodiazepine use Falls (incidence reports) Not provided Not provided Prevalence: 27 % of the fallers were
 benzodiazepine users, 25 % of the non-fallers
 were benzodiazepine users.

Lipsitz et al., 1991

Q=8

N=126
Cognitive impaired
 N=40
Mean age 87
Female 61%

Antidepressant and Sedative 
medication use

Falls (incidence and computer 
reports, medical records, and 
subject interview)

Antidepressant
OR=5.67 (1.57-20.48)
Sedatives
OR=1.95 (0.89-4.30)

Antidepressant
OR=7.6 (1.6- 35.3)

Adjusted for Medication variables: cardiovascular,
 neuroleptic, sedative, non-steroidal anti-
 inflammatory; Physical examination variables:
 visual acuity, impaired hearing, impaired
 vibration sensation, impaired position sensation,
 impaired touch sensation, lower extremity
 muscle weakness, increased muscle tone,
 apraxia combing hair, dysmetria, orthopedic
 deformity, orthostatic dizziness, orthostatic
 hypotension; Functional examination variables:
 unsteady (eyes open/closed), unsteady (sternal
 push), intermittent turning, unsteady turning,
 chair stand, broad stance, hesitant gait initiation,
 reduced step height, reduced step length, step
 asymmetry, step discontinuity, path deviation,
 trunkal instability; Continuous functional gait
 variables: chair stand, > 25 steps/ 20 foot walk,
 > 18.8 sec/20 foot walk, > 9.1 sec to turn 360, >
 12 steps to turn.

Lord et al., 2003

Q=6

N=228
N=demented?
Age 85 (7.4)
Females 72 %

Sedatives, Antipsychotics, 
Antidepressants, Any 
psychotropic, ≥ 2 psychotropics

Falls (incidence reports and 
medical records)

Sedatives
IRR=1.27 (1.01-1.60)
Antipsychotics
IRR=1.27 (0.92-1.75)
Antidepressants
IRR=1.34 (1.05-1.72)
Any psychotropic
IRR=1.47 (1.20-1.81)
≥ 2 psychotropics
IRR=1.30 (1.00-1.69)

Any psychotropic
IRR=1.36 (1.05-1.76)

Adjusted for age, sex, resident classification
 score, Implicit illness severity score, SMMSE,
 Parkinson’s disease, stroke, day incontinence,
 night incontinence, osteoarthritis in either/both
 knees, fall in previous year, walking aid, ≥4
 medications, visual contrast sensitivity,
 proprioception, quadriceps strength, reaction
 time, sway-on floor, sway-on foam, static
 balance, sit-to-stand ability.

Thapa et al., 1998
Ray et al., 2000
Ray et al., 2002
Q=8

N=2428 (Ray 2000
 N=2510)
Mean age 82
Major cognitive 
impairment 22%
Female 75 %

Benzodiazepine Antidepressant 
(Tricyclic antidepressants,  
Selective serotonine-reuptake 
inhibitor, and Trazodone use)
Antipsychotic and other 
sedatives/ hypnotic specific 
drug use

Falls (incidence reports and 
medical records)

Tricyclic antidepressant
RR=2.4 ( 2.1-2.6)
 Nortriptyline
 RR=2.3 (2.0-2.5)
 Amitriptyline
 RR=2.2 (2.0-2.5)
 Doxepin
 RR=2.4 (2.1-2.8)
 Imipramine
 RR=2.6 (2.2-3.1)
 Other
 RR=3.1 (2.5-3.9)

Tricyclic antidepressant
RR=2.0 ( 1.8-2.2)
 Nortriptyline
 RR=2.0 (1.8-2.3)
 Amitriptyline
 RR=1.9 (1.7-2.1)
 Doxepin
 RR=2.0 (1.7-2.3)
 Imipramine
 RR=2.2 (1.8-2.6)
 Other
 RR=2.4 (1.9-3.0)

Adjusted for age, gender, race, time since
 Admission to facility and since cohort entry,
 body mass index, ambulatory status, number of
 activities of daily living with total dependency,
 incontinence, cognitive impairment, physical
 restraint use, past falls, use of anticonvulsants,
 antiparkinson drugs, antidepressants,
 antipsychotics, and other sedatives.
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Table 3 Summary of study characteristics (continued)

Cohort Population Determinants Outcome measures Crude estimates
and 95% CI

Adjusted estimates
and 95% CI

Notes

Selective serotonine- 
reuptake inhibitors
RR=2.4 ( 2.2-2.6) 
Paroxetine  
RR=2.3 ( 2.1-2.6) 
Fluoxetine 
RR=2.4 ( 2.1-2.8) 
Sertraline
RR=2.6 ( 2.3-3.0)

Trazodone
RR=1.9 ( 1.7-2.1)

Selective serotonine-
 reuptake inhibitors
 < 20 mg
 RR=1.5 (1.3-1.7)
 ≥ 20 mg
 RR=1.9 (1.7-2.2)
Selective serotonine-
 reuptake inhibitors
RR=1.8 ( 1.6-2.0)
 Paroxetine
 RR=1.7 ( 1.5-1.9)
 Fluoxetine
 RR=1.8 (1.6-2.1)
 Sertraline
 RR=1.8 (1.5-2.1)
Trazodone
 < 50 mg
 RR=1.5 (1.2-1.8)
 ≥ 50 mg
 RR=1.1 (1.0-1.3)
Trazodone
RR=1.2 (1.0-1.4)

Baseline benzodiazepines
RR=1.02 (0.95-1.10)
Tricyclic antidepressant
 ≤ 10 mg
 RR=1.2 (1.0-1.5)
 11-25 mg
 RR=2.0 (1.8-2.3)
 26-50 mg
 RR=2.1 (1.8-2.3)
 > 50 mg
 RR=2.4 (2.1-2.8)

Current benzodiazepines
RR=1.44 (1.33-1.56)
Dose current users
 ≤ 2 mg
 RR=1.30 (1.12-1.52)
 2.01- 4 mg
 RR=1.34 (1.20-1.51)
 4.01-8 mg
 RR=1.38 (1.20-1.51)
> 8 mg
RR=2.21 (1.89-2.60)
Days since start of use
 < 7
 RR=2.96 (2.33-3.75)
 7-29
 RR=2.23 (1.64-3.03)
 ≥ 30
 RR=1.30 (1.17-1.44)
Elimination half-life, hours
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Table 3 Summary of study characteristics (continued)

Cohort Population Determinants Outcome measures Crude estimates
and 95% CI

Adjusted estimates
and 95% CI

Notes

Selective serotonine- 
reuptake inhibitors
RR=2.4 ( 2.2-2.6) 
Paroxetine  
RR=2.3 ( 2.1-2.6) 
Fluoxetine 
RR=2.4 ( 2.1-2.8) 
Sertraline
RR=2.6 ( 2.3-3.0)

Trazodone
RR=1.9 ( 1.7-2.1)

Selective serotonine-
 reuptake inhibitors
 < 20 mg
 RR=1.5 (1.3-1.7)
 ≥ 20 mg
 RR=1.9 (1.7-2.2)
Selective serotonine-
 reuptake inhibitors
RR=1.8 ( 1.6-2.0)
 Paroxetine
 RR=1.7 ( 1.5-1.9)
 Fluoxetine
 RR=1.8 (1.6-2.1)
 Sertraline
 RR=1.8 (1.5-2.1)
Trazodone
 < 50 mg
 RR=1.5 (1.2-1.8)
 ≥ 50 mg
 RR=1.1 (1.0-1.3)
Trazodone
RR=1.2 (1.0-1.4)

Baseline benzodiazepines
RR=1.02 (0.95-1.10)
Tricyclic antidepressant
 ≤ 10 mg
 RR=1.2 (1.0-1.5)
 11-25 mg
 RR=2.0 (1.8-2.3)
 26-50 mg
 RR=2.1 (1.8-2.3)
 > 50 mg
 RR=2.4 (2.1-2.8)

Current benzodiazepines
RR=1.44 (1.33-1.56)
Dose current users
 ≤ 2 mg
 RR=1.30 (1.12-1.52)
 2.01- 4 mg
 RR=1.34 (1.20-1.51)
 4.01-8 mg
 RR=1.38 (1.20-1.51)
> 8 mg
RR=2.21 (1.89-2.60)
Days since start of use
 < 7
 RR=2.96 (2.33-3.75)
 7-29
 RR=2.23 (1.64-3.03)
 ≥ 30
 RR=1.30 (1.17-1.44)
Elimination half-life, hours
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Table 3 Summary of study characteristics (continued)

Cohort Population Determinants Outcome measures Crude estimates
and 95% CI

Adjusted estimates
and 95% CI

Notes

Daytime falls

Nighttime falls

 < 12
 RR=1.15 (0.94-1.40)
 12-23
 RR=1.44 (1.33-1.59)
 ≥ 24
 RR=1.73 (1.40-2.14)

Current benzodiazepine
 use
RR=1.38 (1.25-1.51)
Elimination half-life, hours
 < 12
 RR=0.90 (0.70-1.17)
 12-23
 RR=1.43 (1.29-1.59)
 ≥ 24
 RR=1.77 (1.38-2.26)

Current benzodiazepine
 use
RR=1.83 (1.55-2.15)
Elimination half-life, hours
 < 12
 RR=2.19 (1.59-3.03)
 12-23
 RR=1.68 (1.39-2.02)
 ≥ 24
 RR=1.80 (1.14-2.83)

Rosendahl et al., 2003

Q=7

N=78
Demented 47 %
Age 81 (6)
Female 72%

Tranquilizers/ sedatives, 
Antidepressant use

Falls (register form and reported 
to study nurse)

Tranquillizers/ sedatives
HR=1.66 (0.93-2.96)
Antidepressants
HR=1.93 (1.05-3.52)

Not provided

Ruthazer and Lipsitz, 
1993

Q=7

N=635
N=demented ?
Mean age 88.7
Female 77%

Antidepressant, Antipsychotic, 
Benzodiazepine use

Falls (computerized 
documentation systems and 
chart reviews)

Antidepressants
 (women)
OR=1.95 (1.02-3.70)

Antidepressants
 (women)
OR=1.84 (0.91-3.69)

Stratified for sex. Adjusted for age and fall history

Thapa et al., 1995

Q=8

N=282
Moderate – severely
 cognitive impaired 
68.8%
Age 80.9
Female 72%

Any psychotropic 
drug, Antipsychotics, 
Benzodiazepines, Cyclic 
antidepressants, Other 
anxiolytics /  hypnotics, Multiple 
psychotropic drug use

Recurrent falls ≥2 (incidence 
reports and nursing home charts)

Any psychotropic drug
IDR=1.67 (1.10-2.5)
Antipsychotics
IDR=1.54 (0.88-2.7)
Benzodiazepines
IDR=1.70 (0.96-2.9)
Cyclic antidepressants
IDR=1.98 (0.97-4.0)
Other anxiolytics /  
hypnotics
IDR=1.26 (0.57-2.7)
Multiple psychotropic  
drugs
IDR=1.89 (1.10-3.2)

Any psychotropic drug
IDR=1.97 (1.28-3.05)
Antipsychotics
IDR=1.48 (0.79-2.78)
Benzodiazepines
IDR=2.10 (1.17-3.76)
Cyclic antidepressants
IDR=2.92 (1.39-6.16)
Other anxiolytics /
 hypnotics
IDR=1.23 (0.55-2.76)
Multiple psychotropic
 drugs
IDR=2.57 (1.45-4.57)

Adjusted for age, assisted activities of daily living,
 balance score, symptoms of dementia and
 depression, other psychotropic drug use.
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Table 3 Summary of study characteristics (continued)

Cohort Population Determinants Outcome measures Crude estimates
and 95% CI

Adjusted estimates
and 95% CI

Notes

Daytime falls

Nighttime falls

 < 12
 RR=1.15 (0.94-1.40)
 12-23
 RR=1.44 (1.33-1.59)
 ≥ 24
 RR=1.73 (1.40-2.14)

Current benzodiazepine
 use
RR=1.38 (1.25-1.51)
Elimination half-life, hours
 < 12
 RR=0.90 (0.70-1.17)
 12-23
 RR=1.43 (1.29-1.59)
 ≥ 24
 RR=1.77 (1.38-2.26)

Current benzodiazepine
 use
RR=1.83 (1.55-2.15)
Elimination half-life, hours
 < 12
 RR=2.19 (1.59-3.03)
 12-23
 RR=1.68 (1.39-2.02)
 ≥ 24
 RR=1.80 (1.14-2.83)

Rosendahl et al., 2003

Q=7

N=78
Demented 47 %
Age 81 (6)
Female 72%

Tranquilizers/ sedatives, 
Antidepressant use

Falls (register form and reported 
to study nurse)

Tranquillizers/ sedatives
HR=1.66 (0.93-2.96)
Antidepressants
HR=1.93 (1.05-3.52)

Not provided

Ruthazer and Lipsitz, 
1993

Q=7

N=635
N=demented ?
Mean age 88.7
Female 77%

Antidepressant, Antipsychotic, 
Benzodiazepine use

Falls (computerized 
documentation systems and 
chart reviews)

Antidepressants
 (women)
OR=1.95 (1.02-3.70)

Antidepressants
 (women)
OR=1.84 (0.91-3.69)

Stratified for sex. Adjusted for age and fall history

Thapa et al., 1995

Q=8

N=282
Moderate – severely
 cognitive impaired 
68.8%
Age 80.9
Female 72%

Any psychotropic 
drug, Antipsychotics, 
Benzodiazepines, Cyclic 
antidepressants, Other 
anxiolytics /  hypnotics, Multiple 
psychotropic drug use

Recurrent falls ≥2 (incidence 
reports and nursing home charts)

Any psychotropic drug
IDR=1.67 (1.10-2.5)
Antipsychotics
IDR=1.54 (0.88-2.7)
Benzodiazepines
IDR=1.70 (0.96-2.9)
Cyclic antidepressants
IDR=1.98 (0.97-4.0)
Other anxiolytics /  
hypnotics
IDR=1.26 (0.57-2.7)
Multiple psychotropic  
drugs
IDR=1.89 (1.10-3.2)

Any psychotropic drug
IDR=1.97 (1.28-3.05)
Antipsychotics
IDR=1.48 (0.79-2.78)
Benzodiazepines
IDR=2.10 (1.17-3.76)
Cyclic antidepressants
IDR=2.92 (1.39-6.16)
Other anxiolytics /
 hypnotics
IDR=1.23 (0.55-2.76)
Multiple psychotropic
 drugs
IDR=2.57 (1.45-4.57)

Adjusted for age, assisted activities of daily living,
 balance score, symptoms of dementia and
 depression, other psychotropic drug use.
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At the end of this selection process, 17 prospective cohort studies were included in 
this systematic review (see Figure 1).

Quality assessment

The two reviewers were in agreement on 135 out of 153 items. The inter-observer 
agreement was k=0.72. Disagreement occurred mainly because of reading errors and 
interpretation of the methodological criteria list and was readily resolved. The results of 
the quality assessment are presented in Table 2.

Most methodological shortcomings concerned the following items: an insufficient de-
scription of the study population (item 1); an insufficient description of the determinant 
(item 3); an insufficient description of the outcome (item 4); is the outcome blinded for 
the determinant? (item 5); an insufficiently long follow-up (item 6); and no information 
on completers versus loss to follow-up (item 7). Sixteen studies were considered as high 
quality; one study was considered as low quality.

Study characteristics

The studies that qualified for inclusion in our review presented their data for total 
groups of nursing home residents, without a specific sub-group analysis for those with 
dementia or some cognitive impairment. We therefore analyzed the total groups as this 
was the nearest possible solution to our initial approach. Table 3 presents a summary of 
the study characteristics including sample size and population characteristics; determi-
nants of our interest; outcome; crude and adjusted estimates with their 95% confidence 
intervals. Table 3 also provides information on adjustments for confounding of the final 
statistical analysis if reported by the authors.

The sample size varied between n=7819 and n=43163.20 The shortest follow-up period 
was one month,21-22 the longest two years.11, 23

Falls

Most studies ascertained falls from medical records or nursing home charts and from 
incidence reports.21-22, 24-30 In one study falls were ascertained from a subject interview,23 

Table 3 Summary of study characteristics (continued)

Cohort Population Determinants Outcome measures Crude estimates
and 95% CI

Adjusted estimates
and 95% CI

Notes

Thapa et al., 1996

Q=8

N=503
Moderate and Severe
 cognitive impaired N 
N=218
Age 37.2% ≥85
Female 73%

Psychotropic drug use
 (Antipsychotics,
 Benzodiazepines, Cyclic
 antidepressants/
 Trazodone, other
 Hypnotics/ anxiolytics)

Injurious falls
 (incidents
 reports and
 nursing home
 charts)

Unadjusted incidence
 rates, per 100 person-
 years
Psychotropic drugs
IDR=23.4

Adjusted incidence
 density ratios

Psychotropic drugs
IDR=2.49 (1.43-4.33)

Adjusted for age, gender, BMI, cognitive
 impairment

Abbreviations: Q=quality score; OR=odds ratio; RR=relative risk; HR=hazard ratio;  
IRR=incidence rate ratio; IDR=incidence density ratio.



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Chapter 5 65

and in another from the registration form and reported to a study nurse.19 In six studies 
falls were ascertained only from incidence reports.31-32 or nursing home charts.11, 20, 33-34

Gait parameters

None of the studies described gait parameters as outcome measure for psychoactive 
drug use. Some studies described gait parameters as determinants for falls.11, 19, 23, 30, 32

Psychoactive drug use

In most studies drug use is the determinant of primary interest.20-22, 24-29, 34 In other studies 
psychoactive drugs are studied among other risk factors to develop or to evaluate a fall 
risk model.19, 23, 30, 33 One study described the effect of restraint use on falls, with drug 
use being a confounder in their multiple logistic regression model.31 In another study, 
dementia is the factor of primary interest. Other variables, including antipsychotic, anti-
anxiety and antidepressant drug use were evaluated as potential confounders.11

The Minimum Data Set (MDS)35 was used by most studies to ascertain psychoactive 
drug use.11, 20, 33 Other studies used pharmacy records,29, 34 medical records,21, 30 or medica-
tion administration records.22-25, 27-28, 31 Some studies provided information on dose or du-
ration of use.26-28, 31 In one study, psychoactive drug use was calculated as the proportion 
of days when psychoactive drugs were used divided by the number of days the resident 
was present in the nursing home; drug use was categorized by degrees of use as “none,” 
“some” (1–98 days), and “all” (daily use).31 In two studies, benzodiazepine use was clas-
sified for each day of follow-up as “current” (taken that day), “recent”, or “none”.27-28 One 
study considered dose, duration and elimination half-life in relation to falls. Elimination 
half-life was also considered in relation to daytime and night-time falls.27 In one study 
any recent change in medication and the time when medications were taken in relation 
to the fall were recorded, and a blood sample was obtained to check any relevant drug 
level. 23 In only one study is it unclear as to how drug use was ascertained.32

Table 3 Summary of study characteristics (continued)

Cohort Population Determinants Outcome measures Crude estimates
and 95% CI

Adjusted estimates
and 95% CI

Notes

Thapa et al., 1996

Q=8

N=503
Moderate and Severe
 cognitive impaired N 
N=218
Age 37.2% ≥85
Female 73%

Psychotropic drug use
 (Antipsychotics,
 Benzodiazepines, Cyclic
 antidepressants/
 Trazodone, other
 Hypnotics/ anxiolytics)

Injurious falls
 (incidents
 reports and
 nursing home
 charts)

Unadjusted incidence
 rates, per 100 person-
 years
Psychotropic drugs
IDR=23.4

Adjusted incidence
 density ratios

Psychotropic drugs
IDR=2.49 (1.43-4.33)

Adjusted for age, gender, BMI, cognitive
 impairment

Abbreviations: Q=quality score; OR=odds ratio; RR=relative risk; HR=hazard ratio;  
IRR=incidence rate ratio; IDR=incidence density ratio.
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Associations

Eleven publications presented the associations between psychoactive drug use and 
falls in adjusted estimates: OR,20, 22-23, 29 RR,26-28 incidence density ratio (IDR),24-25 HR,21 and 
incidence rate ratio (IRR).30 One study stratified for sex.22 Five publications presented 
only crude estimates of the associations between psychoactive drug use and falls: OR,31 
RR,11, 33-34and HR.19 One publication only presented the prevalence of fallers among ben-
zodiazepine users and among non-users.32

All publications presented their results for residents with and without dementia 
together. None of the studies provided a sub-group analysis of the estimates in the 
population of nursing home residents with dementia. In five studies, it was unclear 
which proportion of the population had dementia.21-22, 27, 30, 34 In two publications, the 
estimates for the whole cohort – both those in nursing homes and in intermediate care 
facilities – were given. In these studies there was no sub-group analysis of the estimates 
of the proportion of the population in the nursing homes.21, 30

Level of evidence

The heterogeneity of the study population and determinants necessitated a qualitative 
summary of the results. Table 4 presents a summary of the available evidence for the use 
of psychoactive drugs and its association with falls in nursing home populations includ-
ing residents with dementia. Three papers classified all psychoactive drugs together, 
regardless of specific drug class.25, 31, 34 All other studies presented data by drug class; 
they are presented both in the psychoactive and in the individual drug summary of 
the results. The results of studies that presented data on benzodiazepines, hypnotics, 
sedatives and anti-anxiety drugs were also summarized together and for the individual 
drug classes. Three papers provided data on the antidepressant class;24, 26, 29 they are 
presented in both the antidepressant and the individual antidepressant class summary.

Any psychoactive drug

The overall evidence that the use of any psychoactive drug increases fall risk in nursing 
home residents with dementia is inconclusive. The reported strength of the associations 
varied widely (ORs and RRs 0.90–7.6). Positive findings were found in 28 out of 42 (67%) 
of the studies. The evidence that any psychoactive drug increases recurrent falls is lim-
ited. We found only one study in which the use of psychoactive drugs increased the risk 
of recurrent falls.24 The evidence for injurious falls is strong. Positive findings were found 
in two studies (n=503, IDR 2.49 and n=368, OR 1.77).29, 36

Benzodiazepines and other hypnotic, sedative or anti-anxiety drugs

For the whole spectrum of benzodiazepines or any other hypnotic, sedative or anti-
anxiety drug, we found that the overall evidence that these drugs increase the risk of falls 
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or recurrent falls is inconclusive. Positive findings for the risk of falls were found in five 
out of 11 cohorts (45%) (range of ORs and RRs 1.13– 2.4).11, 24, 26, 30, 33 Positive findings for 
the risk of recurrent falls were found in one out of two (50%) cohorts.24 However, when 
we examined these drugs separately, the evidence for the individual drug classes differed 
from the overall evidence. Based on only one cohort, we found limited evidence that ben-
zodiazepines increase the risk of recurrent falls,24 and that intermediate- and long-acting 
benzodiazepines increase overall fall risk. We also found limited evidence that short-
acting benzodiazepines increase fall risk at night-time but not during the day.27 For the 
whole spectrum of benzodiazepines, the individual effects described above disappear.

Furthermore, we found strong evidence that the use of anti-anxiety drugs increases 
fall risk. Positive findings were found in two out of two studies (n=2015, RR 1.32 and 
n=18,855, OR 1.22).11, 33

We found inconclusive evidence for the use of sedatives. Positive findings were found 
in only one out of four studies.30

There is strong evidence that the use of hypnotics does not increase fall risk. In the 
two studies we included, there were no significant associations found between the use 
of hypnotics and (recurrent) falls {n=34,163, OR 1.13 (0.98– 1.30)20 and n=282, IDR=1.23 
(0.55–2.76)}.24

Antipsychotics

The evidence that antipsychotics increase fall risk is inconclusive. Positive findings were 
found in three out of seven (43%) cohorts.11, 21, 33 However, after stratification by type 
of antipsychotic, there is limited evidence that olanzapine use increases fall risk, and 
limited evidence that risperidone and typical antipsychotics do not increase fall risk. 
There is limited evidence that antipsychotics do not increase the risk of recurrent falls.21

Antidepressants

There is strong evidence that the use of antidepressants increases fall risk. In 10 out of 12 
(83%) cohorts significant associations were found (n=78–2428, range of effect sizes 1.1–
7.6).11, 19, 21, 23-24, 26, 29-30 After stratification by the categories of antidepressants, the evidence 
that the use of tricyclic antidepressants (2/2 cohorts, n=282, IDR 2.96 and n=2428, RR 2.0)24, 

26 and the use of SSRIs (2/2 cohorts, n=368, OR 2.01 and n=2428, RR 1.8)26, 29 increase fall 
risk remains strong. The evidence that the use of trazodone increases fall risk is limited.26

Multiple psychoactive drugs

There is strong evidence that multiple psychoactive drug use increases fall risk (3/3 stud-
ies, n=177–282, range of RR 1.30–10.3).24, 30, 34 One study classified multiple drugs as the 
use two psychotropics (RR 3.2), three psychotropics (RR 6.7) or four psychotropics (RR 
10.3).34 The evidence for recurrent falls is limited.24
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Discussion

This systematic review has summarized the results of 17 prospective cohort studies 
concerning the influence of psychoactive drug use on fall risk and the influence of these 
drugs on gait parameters in nursing home populations with residents who have demen-
tia. Substantial heterogeneity across studies for determinant measures, outcome mea-
sures, statistical analysis and data presentation was found. This heterogeneity impeded 
sensible statistical pooling of results; hence, a qualitative summary was undertaken. 
Strong evidence was found for the use of multiple psychotropic drugs, antidepressants 
and anti-anxiety drugs to increase fall risk. Strong evidence was found that hypnotics 
did not increase fall risk. The reported strength of the associations varied widely in the 
evidence for multiple psychotropic drugs (RR 1.30–10.3). The strength of the significant 
association seems to be moderate in one study (RR=1.30),30 whereas in another study the 
strength is larger (RR=10.3) for the concurrent use of four psychotropics.34 The evidence 
was based on three smaller cohorts.24, 30, 34 The conclusion of strong evidence that the 
use of anti-anxiety drugs increases fall risk is based on only two cohorts. Although the 
strength of the associations in these two cohorts is moderate (RR=1.32, OR=1.22), the 
two cohorts were large.11, 33 The strong evidence for the use of antidepressants is based 
on 10 cohorts,11, 19, 21, 23-24, 26, 29-30 with the strongest association (OR=7.6) being found in 
a relatively small cohort (n=126 women).23 In the largest cohort (n=2428) only a weak 
association was found (RR=1.1).26

For other drug classes, the evidence was limited or inconclusive. Limited evidence was 
always because the evidence was based on only one cohort.

It is generally recommended to prescribe benzodiazepines with a short elimination 
half-life to older persons. However, these were found to increase night-time falls,24 which 
can be particularly hazardous. Intermediate- and long-acting benzodiazepines were 
found to increase overall fall risk.24

An earlier review on the association between psychoactive drugs and falls found 
an increased fall risk for all psychoactive drugs.8 However, the Leipzig review was per-
formed in the general population, not exclusively in nursing home residents. Possible 
explanations for these inconsistent findings might lie with our different methodology 
and review criteria, and with our qualitative summary using levels of evidence. We only 
included papers with a prospective study design because this is considered to be the 
optimal design to identify the presence of prognostic factors and their associations with 
the outcome.37 The Leipzig review also included studies with a cross-sectional and a case 
control study design.8
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Limitations of this review

The lack of homogeneity across the studies impeded sensible statistical pooling of data. 
This is a limitation of our study, as we had to define levels of evidence based on the 
strength of positive and negative findings across the studies for each medication type 
or group, and each outcome. A particular limitation of this approach is that the strength 
of findings is not strengthened or ameliorated depending upon the sample size, which 
is an important influence when pooled data is incorporated into a meta-analysis. A large 
study with a moderate positive effect contributes substantially more to a pooled effect 
size than does a small sample study with the same positive effect.

The fact that none of the studies we included presented a sub-group analysis of the 
estimates in the population of nursing home residents with dementia could have biased 
our conclusions. The exact contribution of psychoactive drug use to fall risk in nursing 
home residents with dementia is not yet known.

Also, the presentation of the different drug classes in the papers could have biased 
our conclusions. Some papers classified all psychoactive drugs together, regardless of 
specific drug class. Furthermore, the difference between anti-anxiety, sedative and hyp-
notic characteristics of psychoactive drugs is often a matter of dose and of elimination 
half-life. In general, benzodiazepines are prescribed as a hypnotic, anti-anxiety drug or 
sedative. The overall level of evidence for benzodiazepines is inconclusive, which may 
be due to the fact that there is strong evidence that anti-anxiety drugs increase fall risk 
and limited evidence that intermediate- and long-acting benzodiazepines increase fall 
risk, and that there is strong evidence that hypnotics do not increase fall risk and limited 
evidence that short-acting benzodiazepines do not increase fall risk.

Levels of evidence in this review were based on positive findings from multivariate 
or univariate results. The use of univariate results when multivariate results were not 
available could have biased our conclusions regarding the level of available evidence. 
Overestimation of the estimates may occur because univariate results are not adjusted 
for potential confounding.

The possibility of publication bias cannot be excluded. One cohort published three 
articles.26-28 Studies with significant results are more likely to lead to multiple publica-
tions. Furthermore, relevant studies hidden in unknown databases are difficult to locate 
and therefore may have been missed.

Validity of the studies in the review

Information bias can result from differential and non-differential misclassification and 
can influence the estimate of the strength of the association. The incidence reports and 
medical records from which falls were ascertained may not be complete. On the other 
hand, a recorded fall may not be a fall according to the definition, as acute medical 
conditions may have been involved in the population under study.38
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Misclassification of drug use may result when drug use is ascertained only from 
medical records and when it is not assured that medications were actually administered. 
Baseline measurement of drug use can induce substantial misclassification. One study 
found that this misclassification caused substantial underestimation of the association 
of benzodiazepine use with fall risk.28

Finally, selective loss to follow-up cannot be excluded in all studies. In one cohort, 
residents were followed through the day of facility exit, defined as discharge, death or 
transfer or a hospital stay of more than 14 days.26-28

Conclusions and recommendations

In summary, we conclude that the studies conducted within the period covered by this 
review consistently show an increased fall risk for the use of multiple drugs, antidepres-
sants and anti-anxiety drugs in nursing home populations with residents with dementia. 
The evidence for other psychoactive drug classes is limited or inconclusive. Our initial 
approach was to analyze the data of nursing home residents with dementia only. How-
ever, none of the studies we found used a sub-group analysis for this specific group of 
residents.

It is generally accepted that falls are an intrinsic component of dementia and living in 
a nursing home. However, because of the multi-morbidity of this patient group, we do 
not know which risk factors are (potentially) reversible. The relative contribution of each 
drug class is not clear from the current literature. Also, little is known about dose and 
duration of use in relation to fall risk.

It was revealing to discover how little is known about the influence of psychoactive 
drugs on gait parameters in nursing home residents with dementia. As drug withdrawal 
has been shown to reduce fall risk39 and improve mobility tests in community-dwelling 
older persons without dementia,40-41 it is important to know the effect of psychoactive 
drugs on gait in nursing home residents with dementia. Falls due to psychoactive drug 
use might be caused by impairment of mobility generated by these drugs.13 If gait 
can be improved by withdrawal of these drugs, a number of falls might be prevented, 
even among nursing home residents. Gait measurements may be useful in the clinical 
follow-up of fallers in whom these drugs are withdrawn. Large prospective studies on 
the relationship between psychoactive drugs and gait in nursing home residents with 
dementia are needed, and should focus on the contribution of each drug class and dose 
and duration of use on fall risk.
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Chapter 6

New insights: Dose-response relationship 
between psychotropic drugs and falls: A study 
in nursing home residents with dementia
Sterke CS, van Beeck EF, van der Velde N, Ziere G, Petrovic M, Looman CW, van der Cammen TJ. J 
Clin Pharmacology. Epub 2011 May 31.

Abstr ac t

The contribution of specific psychotropic drugs to fall risk in patients with dementia has 
not been quantified precisely until now. We evaluated the dose-response relationship 
between psychotropic drugs and falls in nursing home residents with dementia. Daily 
drug use and daily falls were recorded in 248 nursing home residents with dementia 
from January 1, 2006, to January 1, 2008. For each day of the study period, data on drug 
use were abstracted from the prescription database, and falls were retrieved from a 
standardized incident report system, resulting in a data set of 85,074 person-days. We 
found significant dose-response relationships for the use of antipsychotics (hazard ratio 
[HR] 2.78, 95% confidence interval [CI] 1.49-5.17), anxiolytics (HR 1.60, 95% CI 1.20-2.14), 
hypnotics and sedatives (HR 2.58, 95% CI 1.42-4.68), and antidepressants (HR 2.84, 95% 
CI 1.93-4.16). Fall risk increased significantly with 28% at 0.25 of the Defined Daily Dose 
(DDD) of an antipsychotic or antidepressant, with 8% at 0.2 of the DDD of an anxiolytic, 
and with 56% at 0.5 of the DDD of a hypnotic or sedative; it increased further with dose 
increments and with combinations of psychotropics. Even at low dosages, psychotropic 
drugs are associated with increased fall risk in nursing home residents with dementia.

Introduc tion

Approximately 30% to 70% of nursing home residents fall at least once a year, with 1.5 
falls per bed per year occurring in somatic (nonpsychogeriatric) nursing homes and 
more than two falls per bed per year in psychogeriatric nursing homes.1,2 Dementia is 
an independent risk factor for falls,3 as is psychotropic drug use.4 A high proportion of 
nursing home residents with dementia are treated with psychotropic drugs because of 
behavioral and neuropsychiatric symptoms.5 The general message that psychotropic 
drugs increase fall risk is already well accepted. However, the contribution of specific 
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psychotropic drugs to fall risk in nursing home residents with dementia has not been 
quantified precisely until now. The magnitude of the associations between specific psy-
chotropic drugs and fall risk within this group is not known, and so far, a dose-response 
relationship has not been reported.6

In the setting of psychogeriatric nursing homes the fall risk profile of each individual 
resident should be periodically evaluated to take tailor-made preventive measures in 
time. A systematic evaluation of fall risk should include an assessment of all major con-
tributing components, including the use and dosage of psychotropic drugs. However, it 
is not yet known at which dosages specific psychotropic drugs, as well as combinations 
of these drugs, could lead to an increased fall risk.

Therefore, we addressed the following questions:
1.	 What is the magnitude of the associations between specific psychotropic drugs and 

fall risk in nursing home residents with dementia?
2.	 Are there dose-response relationships between (combinations of ) specific psycho-

tropic drugs and fall risk in nursing home residents with dementia?

Methods

Design and setting

For this observational cohort study, we built a database in which we analyzed daily drug 
use and daily falls in a population of nursing home residents with dementia living in the 
psychogeriatric nursing home Smeetsland (De StromenOpmaatGroep), Rotterdam, The 
Netherlands, between January 1, 2006, and January 1, 2008. We collected data of resi-
dents, who were resident for at least six weeks and who were able to walk independently, 
with or without a walking aid. Information on the ambulatory status (i.e. able/unable to 
walk independently) was retrieved from the medical records and nursing home charts. 
Reasons to end data collection were immobility, death or discharge.

The Medical Ethics Committee of the Erasmus University Medical Center approved the 
study.

Dementia diagnosis and severity

All residents in the nursing home met the criteria for the diagnosis of dementia from the 
Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR).7 Severity of dementia was 
defined as stage 5 or 6 on the Global Deterioration Scale (GDS)8 and was based on the regular 
multidisciplinary team assessment by the nursing home staff, including the nursing home 
physician. A GDS stage 5 corresponds with a Mini-Mental State Examination (MMSE)9 score 
of 10.0±1.9 points and a GDS stage 6 corresponds with a MMSE score of 6.4±3.2 points.10
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Data collection

Psychotropic drug use
For each resident and for each day of the study period, we extracted the use and dose 
of antipsychotics, anxiolytics, hypnotics and sedatives, and antidepressants from the 
prescription database in the medical records.

Drugs were coded according to the Anatomical Therapeutic Chemical (ATC) classifica-
tion system, and doses were recorded and expressed as a proportion of the defined daily 
dose (DDD), that is, the average dosage of a drug taken by adults for the main indication 
as indicated by the World Health Organization.11

Psychotropic drugs were categorized as: antipsychotics (ATC code N05A), anxiolytics 
(ATC code N05B), hypnotics and sedatives (ATC code N05C), and antidepressants (ATC 
code N06A).

Patient characteristics
Data collected from the medical records and nursing home charts were: age, gender, 
and co-morbid conditions that are considered potentially causative of falls (i.e. visual 
impairment, urinary incontinence, Parkinson’s disease, arthritis and other joint diseases, 
depression, and cardiovascular diseases).12,13 The use and dose of other fall risk increas-
ing drugs (FRIDs) were extracted from the prescription database in the medical records 
(i.e., drugs used in diabetes, cardiovascular drugs, beta-blocker eye drops, analgesics, 
anticholinergic drugs, antihistamines, and antivertigo drugs).4,14-16

Falls
A fall was defined as unintentionally coming to rest on the ground or another lower 
level.17 Falls were recorded on a standardized incidence registration form,18 which is part 
of the national incidence registration system for monitoring the quality of care in nurs-
ing homes in the Netherlands.19 The staff are trained to complete the forms immediately 
after a fall takes place or after a resident is found on the floor or any other lower level. 
A committee collects and processes the forms in the computer and provides incidence 
reports. For each day of the study period, falls were obtained from these computerized 
reports.

Falls history
Because a positive falls history is a known risk factor for further falls, we also collected 
data on falls in the year preceding the start of the study from this computer system from 
January 1, 2005, to January 1, 2006.
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Statistical analysis

Drug use was first defined as a categorical dichotomous variable (use/no-use) on a daily 
basis. To assess the dose-response relationship, we defined drug use as a continuous 
variable, expressed as a proportion of the DDD on a daily basis.

To analyze the relation between drug use and falls, we used generalized multilevel 
regression with days per resident as the unit of analysis and resident as the cluster vari-
able. We assumed the number of falls per day to have a Poisson distribution. Hazard 
ratio’s (HRs) and 95% confidence intervals (CIs) were calculated for all variables.

All variables (i.e., psychotropic drugs, other FRIDs, co-morbidities, age, and gender) 
that were significant in the univariate analysis were included in the multivariate model. 
The initial multivariate model included variables associated with falls (p≤0.05). The 
model was then reduced by backward elimination to exclude factors that did not reach 
significance (at p≤0.05). To examine significant interactions between the variables in 
the final multivariate model, interaction terms were calculated and added to the model.

All statistical analyses were performed using SPSS software (version 16.0, SPSS INC., 
Chicago, IL, USA), and R: A language and Environment for Statistical Computing20 (pack-
age lme4: linear mixed-effects models using S4 classes. R package version 0.999375-28,21 

R Foundation for Statistical Computing, Vienna, Austria).

Results

During the study period, a total of 443 persons resided in the psychogeriatric nursing 
home Smeetsland. The data of 248 residents were included in the study. Seventy-four 
persons were excluded because they were resident for less than six weeks, 121 persons 
were excluded because they were not able to walk independently at the start of the data 
collection. The data collection resulted in a dataset of 85,074 person-days. Mean time 
spent in the database was 350 days. The mean age of the participants was 82±8 years. 
During 85,074 person-days, 152 (61.5%) residents sustained 683 falls, which corresponds 
to a fall incidence of 2.9 falls/person-year. Thirty-eight residents (15.4%) were single fall-
ers, and 114 (46.2%) were frequent fallers. Characteristics of the study population and 
falls incidence are presented in Table 1.

Prevalence of psychotropic drug use

During a total of 38,662 (45.4%) person-days, an antipsychotic (N05A) was used (Table 
1). The most common antipsychotic drugs used were haloperidol (13.3% of person-time) 
and pipamperone (17.0% of person-time). Mostly a dose less than 1 DDD was prescribed 
(44.4% of person-time), with a mean (SD) DDD of 0.24 (0.27). Antipsychotics were pre-
scribed in dosages varying between 0.02 and 2.25 of the DDD.
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During a total of 17,781 (20.9%) person-days, an anxiolytic (N05B) was used. The most 
prevalent anxiolytic drug used was oxazepam (19.3% of person-time). Ninety-nine per-
cent of the prescriptions of oxazepam were less than 1 DDD (50 mg), with a mean (SD) 
DDD of 0.36 (0.20). The most used dose was 0.2 DDD (10 mg) in 32.8% of all prescriptions.

During a total of 11,538 (13.6%) person-days, a hypnotic or sedative (N05C) was used. 
Temazepam was the most prescribed hypnotic drug (13.0% of person-time). Seventeen 
percent of the prescriptions of temazepam were 1 DDD (20 mg), with a mean (SD) DDD 
of 0.59 (0.20). The most used dose was 0.5 DDD (10 mg) in 81.3% of the prescriptions.

During a total of 13,729 (16.1%) person-days, an antidepressant (N06A) was used. Se-
lective serotonin reuptake inhibitors (SSRIs) were the most prescribed antidepressants 
(13.1% of person-time). Citalopram was the most prescribed SSRI (8.2% of person-time). 
Seventy-six percent of the prescriptions of SSRIs were 1 DDD, with a mean (SD) DDD of 
0.95 (0.28).

The combinations of psychotropic drugs registered during the study period are de-
scribed in Table 1.

Fall risk

Table 1 presents the univariate HRs for falls. The results of the multivariate analysis are 
presented in Table 2. Fall risk was increased with age (HR 1.05, 95% CI 1.02 to 1.08). Fall 
risk was also increased with the use of antipsychotics (HR 1.53, 95% CI 1.17 to 2.00), 
anxiolytics (HR 1.60, 95% CI 1.19 to 2.16), hypnotics and sedatives (HR 1.50, 95% CI 1.04 
to 2.16), and antidepressants (HR 2.28, 95% CI 1.58 to 3.29).

Analysis of subgroups of antipsychotics showed that the use of zuclopenthixol (HR 
2.18, 95% CI 1.18 to 4.03) and clozapine, olanzapine, and quetiapine (HR 2.24, 95% CI 
1.20 to 4.15) remained significant. Analysis of subgroups of antidepressants showed that 
the use of tricyclic antidepressants (HR 3.13, 95% CI 1.09 to 8.98) and SSRIs (HR 2.04, 95% 
CI 1.39 to 2.99) remained significant.

Dose -response relationships

Significant dose-response relationships were found for the use of antipsychotics (HR 
2.78, 95% CI 1.49 to 5.17), anxiolytics (HR 1.60, 95% CI 1.20-2.14), hypnotics and sedatives 
(HR 2.58, 95% CI 1.42-4.68), and antidepressants (HR 2.84, 95% CI 1.93-4.16). Analysis of 
subgroups of antipsychotics showed that the dose-response relationship for the use of 
zuclopenthixol (HR 4.97, 95% CI 1.42-17.41) and clozapine, olanzapine, and quetiapine 
(HR 3.71, 95% CI 1.06-13.03) remained significant. Analysis of subgroups of antidepres-
sants showed that the dose-response relationship for the use of SSRIs (HR 2.15, 95% CI 
1.57-2.93) remained significant.

The interaction term for the use antipsychotics and antidepressants was found signifi-
cant (p=0.02).
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Table 3 shows the probability of a fall in percentages per day (i.e., absolute risk) and 
95% CIs. Increases in absolute fall risk for various combinations of doses of antipsychot-
ics, anxiolytics, hypnotics and sedatives, and antidepressants were found for both men 
and women, for different ages (see Table 3). An example of a patient in Table 3 is shown 
in Box 1.

Discussion

The main finding of this study is that we have quantified the dose-response relation-
ship between specific (combinations of ) psychotropic drugs and fall risk in nursing 
home residents with dementia. Fall risk was already increased at low doses (0.25 DDD). 
Furthermore, we found that fall risk increased with increasing doses of antipsychotics, 
anxiolytics, hypnotics or sedatives, and antidepressants and with the combined use of 
these drugs.

We expressed drug use as a proportion of the DDD. We found that psychotropics 
already increased fall risk at a low DDD. The DDD is a statistical measure of drug con-
sumption and is used to standardize the comparative usage of various drugs between 

Table 2 Multivariate hazard ratios for falls

Characteristic HR Falls 
(95% CI)

p-value HR Fallsa 
(95% CI)

p-value

Gender

 Male 1.37 (0.89-2.11), 
(NS)

.15

 Female Reference

Age (continuous variable)b 1.05 (1.02-1.08) .00

Drug use Use/no-use 
(95% CI)

Dose-response 
(95% CI)

Antipsychotics (ATC code N05A) 1.53 (1.17-2.00) .00 2.78 (1.49-5.17) .00

 Zuclopenthixol (ATC code N05AF) 2.18 (1.18-4.03) .01 4.97 (1.42-17.41) .01

 Clozapine, olanzapine, and quetiapine  
(ATC code N05AH)

2.24 (1.20-4.15) .01 3.71 (1.06-13.03) .04

Anxiolytics (ATC code N05B) 1.60 (1.19-2.16) .00 1.60 (1.20-2.14) .00

Hypnotics and sedatives (ATC code N05C) 1.50 (1.04-2.16) .03 2.58 (1.42-4.68) .00

Antidepressants (ATC code N06A) 2.28 (1.58-3.29) .00 2.84 (1.93-4.16) .00

 Amitriptyline and nortriptyline (ATC code N06AA) 3.13 (1.09-8.98) .03

 Citalopram, paroxetine, sertraline, and 
fluvoxamine (ATC code N06AB)

2.04 (1.39-2.99) .00 2.15 (1.57-2.93) .00

Abbreviations: CI, confidence interval; HR, hazard ratio; NS, not significant.
aHR for increase with 1 defined daily dose.
bHR per year.
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themselves or between different health care environments.11 Modifications in pharma-
cokinetics of psychotropic drugs have been noticed in older subjects. A prolongation of 
the half-life of drugs metabolized by oxidation has been reported in the older age group. 
As a result, psychotropic drugs metabolized by oxidation should be prescribed with cau-
tion in older patients because higher plasma concentrations for a given drug dosage 
and consequently enhanced clinical effects are to be expected.22,23 Other important and 
frequently seen age-related changes that may influence metabolism of psychotropic 
drugs include decreased liver blood flow, plasma albumin, and lean body mass.24

Modifications in pharmacodynamics may also occur as a consequence of increased 
sensitivity of the receptors, which implies a greater effect for a given plasma concentra-
tion. Different investigators report that older subjects require both a lower dose and a 
lower plasma concentration to cause a constant level of desired clinical effect.25,26

Strengths and limitations of this study

The main strength of this study is the fact that because of the large and detailed data 
set, we were able to identify the dose-response relationship between psychotropic 
drugs and fall risk in this high risk population. Data on medication use were collected 
for each day of the study period. Therefore, no misclassification was induced by the use 
of baseline measurement of drug use. This type of misclassification has been shown to 
increase with length of study period.27

A second strength of this study is the fact that there was no selection bias. All eligible 
residents participated in the study. Furthermore, all falls were recorded on a standard-

Box 1

A female resident aged 80, who used no anxiolytic, hypnotic or sedative, antipsychotic, or anti-
depressant had an absolute fall risk of 0.25%. Compared with nonuse, a dosage of 0.25 defined 
daily dose (DDD) of an antipsychotic or an antidepressant increased her absolute fall risk with 
28% (fall probability per day from p=0.25% to p=0.32%). A dosage of 0.2 DDD of an anxiolytic 
increased the absolute fall risk with 8% (fall probability per day from p=0.25% to p=0.27%). 
A dosage of 0.5 DDD of a hypnotic or sedative increased the absolute fall risk with 56% (fall 
probability per day from p=0.25% to p=0.39%). A combination of an antipsychotic and an 
antidepressant in a dosage of 0.25 DDD in the same female resident increased the absolute fall 
risk with 52% (fall probability per day from p=0.25% to p=0.38%) (see Table 3). A combination of 
0.25 DDD of an antipsychotic or an antidepressant and 0.50 DDD of a hypnotic increased abso-
lute fall risk with 104% (fall probability per day from p=0.25% to p=0.51%). In the same female 
resident, a further increase in absolute fall risk was seen with increasing doses of antipsychotics, 
anxiolytics, hypnotics or sedatives, and antidepressants, as well as combinations of these drugs. 
With the use of 0.25 DDD of an antipsychotic and 1.00 DDD of an antidepressant, absolute fall 
risk increased with 156% (fall probability per day from p=0.25% to p=0.64%).
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ized form by the nursing staff regardless of the type of drugs a resident might have 
taken, so there was no registration bias.

A third strength of this study is the relatively homogenous population of residents 
with dementia stage 5 or 6 on the GDS8 because it reduces confounding by indication.

A potential limitation of this study is that behavioral and neuropsychiatric symptoms 
may themselves lead to an increased fall risk and may result in higher drug doses. We 
were not able to control for this type of confounding by indication because there was 
no standard procedure in place to quantify and record neuropsychiatric symptoms and 
behavioral disturbances in the medical charts. However, recent studies have shown that 
behavioural and neuropsychiatric symptoms as measured with the Neuropsychiatric 
Inventory – Nursing Home (NPI–NH)28,29 version are very common in nursing home pa-
tients with dementia stage 5 or 6 on the GDS8. One study found that more than 80% of 
the study population had at least one clinically relevant symptom, whereas the majority 
of the patients had multiple symptoms.30 In another study the prevalence of specific 
behavioural and neuropsychiatric symptoms in nursing home patients with dementia 
was quantified by the GDS score.31 This study found a prevalence of 62.0% of physically 
nonaggressive behaviour in GDS stage 5 and a prevalence of 69.5% in GDS stage 6, 
as well as a prevalence of 66.7% of verbally agitated behaviour in GDS stage 5 and a 
prevalence of 65.3 % in GDS stage 6; other neuropsychiatric symptoms like disinhibition, 
irritability, delusions, and depression were more common in patients in GDS stage 5 or 
6 than in other GDS stages.31

Because all residents in our study population were nursing home residents with de-
mentia stage 5 or 6 on the GDS,8 they were all likely to have neuropsychiatric symptoms 
and behavioral disturbances fitting with these stages.

Furthermore, we cannot rule out possible confounding by indication regarding the 
increased risk we found for the use of clozapine, olanzapine, and quetiapine because it 
concerned either residents who used these drugs already when admitted to the nursing 
home or users who had been switched from either haloperidol or pipamperone.

Another potential limitation might be that our study is from a single institution. 
However, we think that our results could be generalized because the high prevalence 
of antipsychotics and antidepressant prescriptions in our study is comparable with both 
Dutch and international studies in nursing home settings.5,32

Finally, underascertainment of falls events could have biased our results. Probably, not 
all falls have been witnessed by the staff. However, this type of information bias is likely 
to be nondifferential (i.e., the underascertainment of falls is equal for the users and for 
nonusers of all drug classes), so this would not influence the HRs we found.

To the best of our knowledge, this is the first study specifying the dose-response 
relationship between psychotropic drugs and fall risk in nursing home residents with 
dementia.
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The study demonstrates clearly the excessive risk of falls due to psychotropic drug use 
in nursing home residents with dementia and lends support to the current opinion that 
implementation of effective nonpharmacological interventions should be tried before 
psychotropic drugs are prescribed to nursing home residents with dementia.33 If psy-
chotropic drugs still need to be prescribed, their use should be restricted to the lowest 
possible dose, and the need for continuation should be reassessed on a regular basis.
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Chapter 7

Dose-response relationship between 
Selective Serotonin Reuptake Inhibitors 
and injurious falls: A study in nursing 
home residents with dementia
Sterke CS, Ziere G, van Beeck EF, Looman CWN, van der Cammen TJM. Br J Clin Pharmacol. In press.

 
Abstr ac t

Aim The contribution of selective serotonin reuptake inhibitors (SSRIs) to injurious fall 
risk in patients with dementia has not been quantified precisely until now. Our objective 
was to determine whether a dose-response relationship exists for the use of SSRIs and 
injurious falls in a population of nursing home residents with dementia.

Methods Daily drug use and daily falls were recorded in 248 nursing home residents 
with dementia from 1 January 2006 until 1 January 2008. For each resident and for each 
day of the study period, data on drug use were abstracted from the prescription data-
base, and information on falls and subsequent injuries was retrieved from a standardized 
incident report system, resulting in a dataset of 85,074 person-days.

Results We found a significant dose-response relationship between injurious falls and 
the use of SSRIs. The risk of an injurious fall increased significantly by 31% at 0.25 of the 
Defined Daily Dose (DDD) of a SSRI, 73% at 0.50 DDD, and 198% at 1.00 DDD (Hazard 
Rate=2.98; 95% confidence interval 1.94-4.57). The risk increased further in combination 
with a hypnotic or sedative.

Conclusions Even at low doses, SSRIs are associated with increased risk of an injurious 
fall in nursing home residents with dementia. Higher doses increase the risk further with 
a threefold risk at 1.00 DDD. New treatment protocols might be needed that take into 
account the dose-response relationship between SSRIs and injurious falls.
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Introduc tion

Falls are a major health problem among the elderly, particularly in nursing homes.1-2 In 
nursing homes one-third of all falls results in an injury.3 Nursing home residents with 
dementia are at particular risk of falling, with an average of more than 2 falls per bed 
per year.4

In order to take tailor-made preventive measures in time, the fall risk profile of each 
individual nursing home resident should be periodically evaluated. A systematic evalu-
ation of fall risk should include an assessment of all major contributing components, 
including the use of medication.5-6 Depressive symptoms are common in patients with 
dementia.7 Therefore, a high proportion of nursing home residents with dementia are 
treated with antidepressants,8-10 including selective serotonin reuptake inhibitors (SSRIs), 
which are generally considered the treatment of choice for depression in dementia.11 
However, recent research has shown that use of SSRIs is associated with an increased 
risk of injurious falls and fractures,12-14 and that there is a dose-dependent relationship 
between the use of SSRIs and fracture risk in the general population.15

So far, data on the association between use of SSRIs and injurious fall risk in the spe-
cific population of nursing home residents with dementia are lacking.16 Therefore we 
addressed the question:

Is there a dose-response relationship between the use of SSRIs and injurious falls in a 
population of nursing home residents with dementia?

Methods

Design and setting

For this retrospective study we included all eligible participants of nursing home 
residents with dementia living in the psychogeriatric nursing home Smeetsland (De 
StromenOpmaatGroep), in Rotterdam, The Netherlands. We analysed daily drug use and 
daily falls over a two year period, i.e., from 1 January 2006 until 1 January 2008. We col-
lected data of residents, who were resident for at least six weeks, and who were able to 
walk independently, with or without a walking aid. Information on the ambulatory status 
(able/unable to walk independently) was retrieved from the medical records and nursing 
home charts. Reasons to end data collection were immobility, death or discharge. The 
Medical Ethics Committee of the Erasmus University Medical Center approved the study.

Dementia diagnosis and severity

All residents in the nursing home met the criteria for the diagnosis of dementia from the 
Diagnostic and Statistical Manual of mental disorders (DSM-IV-TR).17 Severity of demen-
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tia was defined as stage 5 or 6 on the Global Deterioration Scale (GDS),18 and was based 
on the regular multidisciplinary team assessment by the nursing home staff, including 
the nursing home physician.

Drug use

For each resident and for each day of the study period, we extracted the use and dose of 
SSRIs and other fall-risk-increasing drugs (FRIDs) from the prescription database in the 
medical records. These drugs included antipsychotic drugs, anxiolytics, hypnotics or seda-
tives, other antidepressants, drugs used in diabetes, cardiovascular drugs, beta-blocker 
eye drops, analgesics, anticholinergic drugs, antihistamines, and antivertigo drugs.19-22

Drugs were coded according to the Anatomical Therapeutic Chemical (ATC) classification 
system and doses were recorded and expressed as a proportion of the Defined Daily Dose 
(DDD), i.e. the average of a dosage of a drug taken by adults for the main indication as indi-
cated by the World Health Organization.23 As an example from the ATC classification system, 
1 DDD citalopram is a dosage of 20mg.23 We expressed 10mg citalopram as 0.5 DDD.

We accessed the P450 Drug Interaction Table to retrieve information about cyto-
chrome P450 enzymes that metabolize the prescribed SSRIs in our dataset.24 We then 
explored our dataset to check for the combined use of a SSRI and a cytochrome P450 
(1A2, 2C9, 2C19, and 2D6 pathways) inhibitor. Because SSRIs may become long-acting, 
when co-administered with an inhibitor, thereby increasing the risk further. We consid-
ered strong, moderate, and weak inhibitors.24

Patient characteristics

Baseline data collected from medical records and nursing home charts were: age, gen-
der, and comorbid conditions that are considered potentially causative of falls. These 
comorbid conditions included: visual impairment, urinary incontinence, Parkinson’s 
disease, arthritis and other joint diseases, depression and cardiovascular diseases.25-26

Injurious falls

A fall was defined as unintentionally coming to rest on the ground or any other 
lower level.27 Falls were recorded on a standardized incidence registration form.28 This 
incidence registration form is part of the incidence registration system. This standard 
procedure is a national instrument to monitor the quality of care in nursing homes in 
the Netherlands.29 The staff are trained to complete the forms immediately after a fall 
took place, or after a resident is found on the floor or any other lower level. A committee 
collected, and processed the forms in the computer, and provided incidence reports. For 
each day of the study period falls and information on subsequent injuries were obtained 
from these computerised reports. Injurious falls were categorised as falls resulting in 
fractures, grazes, open wounds, sprains, bruises, and swellings.
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Falls history

Because a positive falls history is a known risk factor for further falls, we also collected 
data on falls in the year before the start of the study from this computer system, i.e. from 
1 January 2005 until 1 January 2006.

Statistical analysis

To assess the dose-response relationship we defined SSRI use, and all other FRID use as 
a continuous variable, expressed as a proportion of the DDD on a daily basis. To analyse 
the relation between drug use and the incidence of injurious falls we used multilevel 
logistic regression with “days-per-resident” as unit of analysis and “resident” as cluster 
variable. We had observations about many days for each patient. The outcome variable 
was whether a patient had experienced an injurious fall on any given day; we assumed 
the number of injurious falls per day to have a binominal distribution. For every day 
observed we registered the type and amount of drugs administered to that patient. 
We expected every patient to have a personal expected probability of injurious falls, 
so a random intercept per person was added to the model. Hazard ratios (HRs) and 
95% confidence intervals (CIs) were calculated for all variables (i.e., psychotropic drugs, 
other FRIDs, co-morbidities, age and gender). All variables that were significant in the 
univariate analysis were included in the multivariate model. The initial multivariate 
model included variables associated with falls (p≤0.05). The model was then reduced by 
backward elimination to exclude factors that did not reach significance (at p≤0.05). To 
examine significant interactions between the variables in the final multivariate model, 
interaction terms were calculated and added to the model.

All statistical analyses were performed using SPSS software (version 16.0, SPSS INC., 
Chicago, IL, USA), and R (package lme4, R Foundation for Statistical Computing, Vienna, 
Austria).30-31

Results

During the study period, a total of 443 persons were residents in the psychogeriatric 
nursing home Smeetsland. Seventy-four persons were excluded because they were resi-
dents for less than six weeks. One hundred twenty-one residents were excluded because 
they were not able to walk independently at the start of the data collection. The data 
of 248 residents were included in the study. The data collection resulted in a dataset of 
85,074 person-days. Mean time spent in the database was 350 days. The mean age (sd) 
of the participants was 82 (8) years. During 85,074 person-days, 152 (61.5%) of the resi-
dents sustained 683 falls, which corresponds to a fall incidence of 2.9 falls/person-year. 
Thirty-eight residents (15.4%) were single fallers, and 114 (46.2%) were frequent fallers.
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Two hundred twenty (32.2%) falls resulted in an injury. One person died, 21 (3.1%) falls 
resulted in a fracture, of which 10 (1.5%) were hip fractures, and 11 (1.6%) other frac-
tures. One hundred ninety-eight (30.0%) falls resulted in injuries other than fractures, 

Table 1 Characteristics of the study population, and person-days with and without injurious falls

Characteristic All person-days

(N=85,074)
 N (% of total)

Person-days
with

injurious fall
(N=220)

 N

Person-days
without

injurious fall
(N=84,854)

 N

Demographic data

 Gender

 male 34,282(40.3) 92(41.8%) 34,190(40.3%)

 female 50,792(59.7) 128(58.2%) 50,664(59.7%)

 Falls history 45,982(54.0) 168(19.1%) 45,814(20.5%)

 Visual impairment 18,139(21.3) 38(17.3%) 18,101(21.3%)

 Urinary incontinence 44,310(52.1) 124(56.4%) 44,310(52.0%)

 Parkinson’s disease 1,151(1.4) 3(1.4%) 1,151(1.4%)

 Arthritis and other joint diseases 23,074(27.1) 75(34.1%) 22,999(27.1%)

 Depression 7,161(8.4) 26(11.8%) 7,135(8.4%)

 Cardiovascular diseases 61,123(71.8) 165(75.0%) 60,958(71.8%)

Drug use

 Antipsychotics (ATC-code N05A) 38,662(45.4) 126(57.3%) 38,536(45.4%)

 Anxiolytics (ATC-code N05B) 17,781(20.9) 58(26.4%) 17,723(20.9%)

 Hypnotics or sedatives (ATC-code N05C) 11,538(13.6) 44(20.0%) 11,494(13.5%)

 Antidepressants (ATC-code N06A) 13,729(16.1) 62(28.2%) 13,667(16.1%)

 Tricyclic antidepressants (ATC-code N06AA) 1,141(1.3) 2(0.9%) 1,139(1.3%)

 Selective serotonin reuptake inhibitors
 (ATC-code N06AB)

11,105(13.1) 55 (25.0%) 11,050(13.0%)

 Other antidepressants (ATC-code N06AX) 1,739(2.0) 5(2.3%) 1,734(2.0%)

 Antihypertensives
 (ATC-codes C02, C03, C07, C08, C09)

12,081(14.2) 41(18.6%) 12,040(14.2%)

 Anti-arrythmics (ATC code C01B) 8,069(9.5) 24(10.9%) 8,045(9.5%)

 Nitrates and other vasodilators (ATC code C01D) 2,830(3.3) 7(3.2%) 2,823(3.3%)

 Digoxin (ATC code C01AA05) 2,865(3.4) 7(3.2%) 2,858(3.4%)

 Beta-blocker eye drops (ATC code S01ED) 798(0.9) 3(1.4%) 795(0.9%)

 Analgesics (ATC code N02) 1,684(2.0) 5(2.3%) 1,679(2.0%)

 Anticholinergic drugs
 (ATC codes R03BB01, G04BD07)

138(0.2) 0(0.0%) 138(0.2%)

 Antihistamines (ATC code R06) 2,538(3.0) 4(1.8%) 2,534(3.0%)

 Antivertigo drugs (ATC code N07C) 202(0.2) 0(0.0%) 202(0.2%)

 Drugs used in diabetes (ATC code A10) 5,172(6.1) 13(5.9%) 5,159(6.1%)
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such as grazes, open wounds, sprains, bruises, and swellings. Characteristics of the study 
population and incidence of injurious falls are presented in Table 1.

Prevalence of antidepressant use

During a total of 13,729 (16.1%) person-days an antidepressant was used, of which 11,105 
(13.1%) person-days concerned the use of a SSRI (mean DDD=0.95, sd=0.28). The SSRIs 
used were citalopram (6,969 person-days, mean DDD=0.96, sd=0.28), paroxetine (4,199 
person-days, mean DDD=0.89, sd=0.25), sertraline (116 person-days, DDD=1.00), and 
fluvoxamine (43 person-days, DDD=0.40). Tricyclic antidepressants used were amitrip-
tyline (75 person-days, mean DDD=0.20, sd=0.07), and nortriptyline (1,066 person-days, 
mean DDD=0.62, sd=0.36). Other antidepressants used were trazodone (847 person-
days, mean DDD=0.37, sd=0.18), and mirtazapine (892 person-days, mean DDD=0.80, 
sd=0.25). We found no person-days of SSRIs co-administered with a cytochrome P450 
(1A2, 2C9, 2C19, and 2D6 pathways) inhibitor.24

Risk of an injurious fall

Table 2 presents the univariate HRs for injurious falls. The results of the multivariate 
analysis are presented in Table 3. The risk of an injurious fall increased with age (HR 
1.05, 95% CI 1.01 to 1.09). The risk of an injurious fall also increased with the use of 
antipsychotics (HR 1.76, 95% CI 1.18-2.63), and antidepressants (HR 2.58, 95% CI 1.57 to 
4.24). Analysis of subgroups of antidepressants showed that only the use of SSRIs (HR 
2.50, 95% CI 1.50 to 4.19) remained significant.

Dose -response relationships with injurious fall risk

Significant dose-response relationships were found for the use of hypnotics or sedatives 
(HR 2.55, 95% CI 1.03 to 6.30), and antidepressants (HR 2.97, 95% CI 1.95 to 4.53). Analy-
sis of subgroups of antidepressants showed that only the dose-response relationship for 
the use of SSRIs (HR 2.98, 95% CI 1.94 to 4.57) remained significant.

Table 4 shows the probability of an injurious fall in percentages per day for various 
doses of SSRIs and hypnotics or sedatives, and for various combinations of SSRIs with 
hypnotics or sedatives. The figures in Table 4 stand for absolute risk. A priori we do not 
know which patient it concerns. Therefore, we predicted the probability to experience 
an injurious fall for a person with average characteristics, except for age and gender. 
Absolute risks are stratified at age 80 and 85 for a male and a female resident. Increases 
in the absolute risk of an injurious fall for various combinations of doses of a SSRI with 
a hypnotic or sedative were found for both males and females, for different ages. An 
example of a patient in Table 4, which shows the increase in absolute risk of an injurious 
fall, is shown in Figure 1.
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Table 2 Univariate hazard ratios for injurious falls

Characteristic HR Injurious falls
(95% CI)

p-value p-value

Demographic data

Gender

 male 0.93(0.55-1.56) 0.77

 female ref

Age(continuous variable)b a1.04(1.01-1.08) 0.02

Falls history 0.97(0.48-1.95) 0.93

Visual impairment 0.86(0.45-1.63) 0.64

Urinary incontinence 1.16(0.69-1.94) 0.58

Parkinson’s disease 0.96(0.17-5.50) 0.96

Arthritis and other joint diseases 1.42(0.81-2.51) 0.22

Depression 1.95(0.88-4.32) 0.10

Cardiovascular diseases 1.34(0.73-2.44) 0.35

Drug use Use/no-use
(95% CI)

Dose-responsec

(95% CI)

Antipsychotics a1.86(1.24-2.78) 0.00 2.21(0.89-5.48) 0.09

Anxiolytics 1.28(0.78-2.10) 0.33 1.40(0.85-2.33) 0.19

Hypnotics or sedatives a2.10(1.19-3.68) 0.01 a2.79(1.13-6.91) 0.03

Antidepressants a2.77(1.68-4.57) 0.00 a2.96(1.94-4.53) 0.00

 Tricyclic antidepressants 1.35(0.19-9.65) 0.77 0.23(0.00-70.38) 0.62

 Selective serotonin reuptake inhibitors a2.74(1.63-4.62) 0.00 a3.00(1.95-4.62) 0.00

 Other antidepressants 1.35(0.39-4.73) 0.64 1.10(0.49-2.49) 0.81

Antihypertensives 1.39(0.79-2.47) 0.26 1.15(0.91-1.46) 0.25

Anti-arrythmics 1.22(0.59-2.55) 0.59 1.23(0.51-2.98) 0.65

Nitrates and other vasodilators 0.84(0.22-3.22) 0.80 1.31(0.54-3.15) 0.55

Digoxin 0.87(0.21-3.58) 0.84 0.77(0.02-28.58) 0.89

Beta-blocker eye drops 1.68(0.23-12.30) 0.61 1.17(0.03-39.71) 0.93

Analgesics 1.45(0.48-4.36) 0.50 1.17(0.96-1.43) 0.11

Antihistamines 0.63(0.19-2.12) 0.46 0.91(0.43-1.92) 0.80

Drugs used in diabetes 0.95(0.34-2.65) 0.92 1.00(0.56-1.78) 1.00

Abbreviations: CI, confidence interval; HR, hazard ratio. All estimates are adjusted for gender 
and age.
aSignificant parameters.
bHR per year.
cHR for increase with 1 DDD.
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Discussion

The main finding of this study in nursing home residents with dementia is that there is 
a dose-response relationship between the use of a SSRIs and a fall with a subsequent 
injury. The risk of an injurious fall increased with increasing doses of SSRIs. The combina-
tion of a SSRI with a hypnotic or sedative increased the risk even further.

Strength and limitations of this study

The main strength of this study is that data on medication use were collected for each 
day of the study period. Therefore, no misclassification was induced by the use of base-
line measurement of drug use. This type of misclassification has been shown to increase 
with the length of a study period.32 Another strength of this study is the fact that there 
was no selection bias. All eligible residents participated in the study. Furthermore, all 
falls were recorded by the nursing staff regardless of the type of drugs a resident might 
have taken. So there was no registration bias. However, as the outcome measure was 
injurious falls rather than falls, it might be possible that residents with depression were 
more likely to have their falls recorded as injurious (e.g. appear to be more distressed, 
take longer to get up etc.) and were also more likely to use a SSRI. This might have led to 
an overestimation of our results.

Confounding by indication may be a limitation to our study. The differences in patient 
characteristics, which are related to the use of a SSRI and the occurrence of an injurious 
fall, are probably difficult to adjust for.33 First, the underlying depression rather than the 
use of a SSRI might have caused the fall.34 However, in a study which was adequately 

Table 3 Multivariate hazard ratios for injurious falls

Characteristic HR Injurious falls
(95% CI)

p-value p-value

Gender

 male (ns) 1.20(0.71-2.04) 0.50

 female ref

Agea 1.05(1.01-1.09) 0.01

Drug use Use/no-use (95% CI) Dose-responseb (95% CI)

Antipsychotics 1.76(1.18-2.63) 0.01

Hypnotics or sedatives (ns) 1.69(0.96-2.98) 0.07 2.55(1.03-6.30) 0.04

Antidepressants 2.58(1.57-4.24) 0.00 2.97(1.95-4.53) 0.00

 Selective serotonin
 reuptake inhibitors

2.50(1.50-4.19) 0.00 2.98(1.94-4.57) 0.00

Abbreviations: CI, confidence interval; HR, hazard ratio; ns, not significant.
aHR for age (continuous variable) HR per year.
bHR for increase with 1 DDD.
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controlled for confounding by indication by restricting the analysis to antidepressant 
users, SSRI users still had an increased risk of a fracture.14

Another potential limitation concerns the possible cytochrome P450 interactions. 
Some SSRIs are moderate to strong inhibitors of certain cytochrome P450 enzymes 
– notably paroxetine (strong inhibitor of CYP2D6), fluvoxamine (strong inhibitor of 
CYP1A2 and weaker inhibitor of CYP2C9 and CYP3A4), sertraline (moderate inhibitor 

Table 4 Absolute risk of an injurious fall per day for the use of SSRIs and hypnotics or sedatives

No SSRIs 0.25 DDD SSRIs 0.50 DDD SSRIs 1.00 DDD SSRIs

Absolute risk of
an injurious fall

No co-prescribed hypnotics or sedatives

 p(f,80) (95%CI) 0.09 (0.06-0.14) 0.12 (0.09-0.18) 0.16 (0.11-0.24) 0.28 (0.17-0.45)

 p(m,80) (95%CI) 0.13 (0.07-0.17) 0.17 (0.10-0.22) 0.22 (0.13-0.29) 0.38 (0.20-0.55)

 p(f,85) (95%CI) 0.12 (0.08-0.17) 0.15 (0.11-0.22) 0.20 (0.14-0.29) 0.35 (0.22-0.56)

 p(m,85) (95%CI) 0.16 (0.09-0.22) 0.21 (0.12-0.28) 0.28 (0.15-0.38) 0.48 (0.24-0.72)

Increase in 
absolute risk of
an injurious falla

ref 31% 73% 198%

No SSRIs 0.25 DDD SSRIs 0.50 DDD SSRIs 1.00 DDD SSRIs

Absolute risk of
an injurious fall

0.50 DDD hypnotics or sedatives

 p(f,80) (95%CI) 0.15 (0.09-0.25) 0.20 (0.12-0.33) 0.26 (0.15-0.43) 0.44 (0.25-0.80)

 p(m,80) (95%CI) 0.20 (0.10-0.30) 0.27 (0.14-0.39) 0.35 (0.18-0.51) 0.61 (0.29-0.96)

 p(f,85) (95%CI) 0.19 (0.11-0.31) 0.25 (0.15-0.40) 0.32 (0.20-0.53) 0.56 (0.31-0.99)

 p(m,85) (95%CI) 0.26 (0.13-0.38) 0.34 (0.17-0.50) 0.44 (0.22-0.66) 0.76 (0.35-1.23)

Increase in 
absolute risk of
an injurious falla

59% 109% 174% 373%

No SSRIs 0.25 DDD SSRIs 0.50 DDD SSRIs 1 DDD SSRIs

Absolute risk of
an injurious fall

1.00 DDD hypnotics or sedatives

 p(f,80) (95%CI) 0.24 (0.10-0.58) 0.31 (0.13-0.76) 0.41 (0.17-1.00) 0.71 (0.28-1.80)

 p(m,80) (95%CI) 0.33 (0.12-0.68) 0.43 (0.15-0.89) 0.56 (0.20-1.17) 0.97 (0.33-2.11)

 p(f,85) (95%CI) 0.30 (0.12-0.72) 0.39 (0.16-0.94) 0.51 (0.21-1.23) 0.88 (0.35-2.22)

 p(m,85) (95%CI) 0.41 (0.14-0.86) 0.53 (0.19-1.13) 0.70 (0.25-1.49) 1.21 (0.41-2.69)

Increase in 
absolute risk of
an injurious falla

152% 232% 336% 651%

Abbreviations: DDD=Defined Daily Dose; p(f,80)=absolute risk of an injurious fall in percentages 
per day for females aged 80; p(m,80)=absolute risk of an injurious fall in percentages per day 
for males aged 80; p(f,85)=absolute risk of an injurious fall in percentages per day for females 
aged 85; p(m,85)=absolute risk of an injurious fall in percentages per day for males aged 85. 
Hypnotics or sedatives (N05C); SSRIs (N05AB).
aThe increase in absolute risk of an injurious fall is relative to a person of any age taking no 
SSRIs and no sedatives or hypnotics.
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of CYP2D6), and citalopram (weak inhibitor of CYP2D6). Thus it is certainly a possibility 
that the presence of SSRIs causes pharmacokinetic inhibition of the metabolism of other 
co-prescribed drugs. Therefore co-prescribed fall risk increasing drugs such as benzo-
diazepines (CYP 3A4 substrates), antihypertensives (CYP2D6 and 3A4 substrates), and 
antipsychotics (CYP2D6, 3A4, 1A2 substrates and others) might have had higher plasma 
concentrations than in the absence of SSRIs.24 Previous research in old age psychiatry 
inpatients has shown that CYP2D6 and CYP3A4 interactions involving a SSRI as an in-
hibitor are common in old age psychiatry inpatients.35 These interactions may have been 
present in our study population, but were not the focus of the current study.

Third, neuropsychiatric symptoms and behavioural disturbances, like agitation and 
aggressive behaviour, for which SSRIs are recommended in dementia patients,36 may 
themselves lead to an increased fall risk and may result in higher drug doses. We 
were not able to control for this type of confounding by indication since there was no 
standard procedure in place to quantify and record neuropsychiatric symptoms and 
behavioural disturbances in the medical charts. However, recent studies have shown 
that behavioural and neuropsychiatric symptoms as measured with the Neuropsychiat-

 10

 Figure 1 Absolute risk of an injurious fall (% per day) for a female resident aged 85 by SSRI 
defined daily dose and co-prescribed hypnotic or sedative defined daily dose
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ric Inventory – Nursing Home version (NPI–NH)37-38 are very common in nursing home 
patients with dementia stage 5 or 6 on the GDS,18 with more than 80% showing at least 
one clinically relevant symptom.39-40 Because all residents in the study population were 
nursing home residents with dementia stage 5 or 6 on the GDS,18 they were all likely to 
have neuropsychiatric symptoms and behavioural disturbances fitting with these stages 
of dementia, which may reduce confounding by indication.

Another potential limitation might be that our study is from a single institution. In our 
study there were no users of fluoxetine or escitalopram, which are widely prescribed in 
many countries.41 However, we think that our results are generalizable, because the high 
prevalence of antidepressant prescriptions in our study is comparable with both Dutch 
and international studies in nursing home settings.8-9

Our findings are consistent with earlier studies on the use of SSRIs and injurious falls.12, 

15, 42 However, one of these earlier studies was done in a mixed nursing home population 
(residents with dementia, and residents without dementia), and did not investigate the 
dose-response relationship.12 To the best of our knowledge, ours is the first study which 
assessed the dose-response relationship between SSRIs and injurious fall risk in nurs-
ing home residents with dementia. Another study on the risk of fractures with SSRI use 
found a significant dose-response relationship for the risk of a fracture, but it was done 
in the general population (mean age 43.4 years; sd 27.4).15, 42 We found an increased 
dose-dependent risk for injurious falls, but not for fractures. However, it is possible that 
with a larger sample or longer observations, we might have found a dose-dependent 
relationship for fractures. For, the increased fracture risk of SSRIs that was found in other 
studies may be linked to their effect on the serotonin transporter system.15

It has been shown that users of SSRIs have a 2.35-fold (95% CI 1.23-3.50) increased 
risk of a fracture, which further increased with prolonged use.14 Moreover, in general, it 
has not been shown that higher doses are more effective in the treatment of depressive 
symptoms.43 Furthermore, there is a paucity of studies on the efficacy of SSRIs in the 
treatment of depression in patients with dementia, and on the correlation between SSRI 
dose and effect in this specific population. Available evidence offers only weak support 
to the contention that SSRIs are an effective treatment for patients with depression and 
dementia.44 Further studies in patients with dementia and depression are needed. Given 
that they may produce serious side effects clinicians should prescribe SSRIs with due 
caution to nursing home residents with dementia and depression.

Conclusion

Even at low doses, SSRIs are associated with increased risk of an injurious fall in nursing 
home residents with dementia. Higher doses, which were most prevalent in our study 
population, increased the risk further, with a threefold risk at 1.00 DDD. The use of a SSRI 
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in combination with a hypnotic or sedative further increased the risk. The results of this 
study lend support to the consideration that new treatment protocols might be needed 
that take into account the dose-response relationship between SSRIs and injurious falls.
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Chapter 8

General discussion

 
 
 
 
 
 
 
 
1. Introduc tion

The objective of this thesis was to gain more knowledge about the assessment of 
balance and gait with regard to fall risk, and about the contribution of psychotropic 
drugs to fall risk in a population of nursing home residents with dementia. This thesis 
is divided in two parts. In part one we analyse balance and gait parameters; in part two 
the contribution of psychotropic drug use to fall risk in nursing home residents with 
dementia.

Part one
-	 Two prospective cohort studies of balance and gait as predictors for falls, in which 

we evaluated the feasibility and validity of a clinical measurement, the POMA, and 
an electronic walkway system, the GAITRite® to predict fall risk in nursing home 
residents with dementia.

Part two
-	 First, a systematic review of the literature on the influence of psychotropic drug use 

on fall risk in nursing home residents with dementia. Second, a retrospective data-
base analysis of psychotropic drug use and falls; and of psychotropic drug use and 
injurious falls in nursing home residents with dementia. During a two-year period, 
data on psychotropic drug use and falls were collected for each day of the study 
period.

In this general discussion, we will start to answer our research questions one by one. 
Then we consider the methodological and theoretical issues regarding the studies that 
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were conducted. Finally, we will give recommendations for clinical practice and for 
future research.

2. Main findings

Fall risk and balance and gait impairments

We conducted two prospective cohort studies of balance and gait as predictors for falls 
to answer the three research questions in part one of this thesis:
1.	 Is the Tinetti Performance Oriented Mobility Assessment (POMA) a feasible and valid 

instrument to predict short-term fall risk in ambulatory nursing home residents with 
dementia?

2.	 Is an electronic walkway system a feasible and valid instrument to predict short-term 
fall risk in ambulatory nursing home residents with dementia?

3.	 Which of the gait parameters has the best predictive value with regard to fall risk in 
this specific population?

In our study population the POMA showed several feasibility problems, with 41% of 
patients having problems in understanding one or more instructions. Nevertheless, we 
found that the predictive validity of the POMA was acceptable. After adjustment for 
potential confounders in a multivariate model, we found that the POMA was significant 
in predicting a fall. Per point lower, the risk of a fall increased with 8%.

We found that the electronic walkway system was a feasible instrument for the predic-
tion of fall risk in nursing home residents with dementia. The test procedure took on 
average only 5 minutes per resident, and only some physical cueing or assistance was 
needed. We also found that the electronic walkway system had an acceptable validity 
to predict a fall. After adjustment for potential confounders in a multivariate model, we 
found that the gait parameters velocity and mean stride length were the best significant 
gait predictors of a fall within three months. With a decrease in gait velocity of 10 cm/s 
the risk of a fall increased with 22%. Per 10 centimetre decrease in mean stride length 
the risk of a fall increased with 19%.

We conclude that both the POMA and an electronic walkway system are valid instru-
ments to predict short-term fall risk in nursing home residents with dementia. With re-
gard to feasibility, the electronic walkway system is preferable because this instrument 
saves time and is not hampered by information losses as met with the application of the 
POMA.

Fall risk and psychotropic drug use

We formulated three research questions to be answered in part two of this thesis:
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1.	 Which psychotropic drugs increase fall risk and what is known about the influence of 
these drugs on gait in nursing home residents with dementia?

2.	 What is the magnitude of the associations between specific psychotropic drugs and 
fall risk in nursing home residents with dementia?

3.	 Are there dose-response relationships between specific psychotropic drugs and fall 
risk in nursing home residents with dementia; and are there dose-response relation-
ships between specific psychotropic drugs and the risk of an injurious fall?

We found in a systematic review of the literature that there is a paucity of data on the 
relation between psychotropic drug use and fall risk in nursing home residents with 
dementia. We summarized the results of 17 prospective cohort studies. However, none 
of these 17 studies conducted a sub-group analysis for the specific group of nursing 
home residents with dementia. Furthermore, we found that the relative contribution to 
fall risk of each drug class was not clear from the current literature. Also little was found 
about dose and duration of use in relation to fall risk in nursing home residents with 
dementia. We found no studies that described gait parameters as outcome measure for 
psychotropic drug use. Thus we found no evidence for the influence of psychotropic 
drugs on gait parameters in nursing home residents with dementia.

The main finding of our retrospective database analysis is that we have quantified the 
contribution of specific psychotropic drugs to fall risk in nursing home residents with 
dementia. It is generally accepted that falls are an intrinsic component of dementia and 
living in a nursing home. However, we found an additive contribution of psychotropic 
drugs to fall risk. After adjustment for potential confounders (i.e., drugs, co-morbidities, 
falls history, age and gender) in a multivariate model, we found that the use of antipsy-
chotics (HR 1.53, 95% CI 1.17 to 2.00), anxiolytics (HR 1.60, 95% CI 1.19 to 2.16), hypnotics 
and sedatives (HR 1.50 95% CI 1.04 to 2.16), and antidepressants (HR 2.28, 95% CI 1.58 to 
3.29) increased fall risk.

With regard to the dose-response relationships between specific psychotropic drugs 
and fall risk we found significant dose-response relationships for the use of antipsy-
chotics, anxiolytics, hypnotics and sedatives, and antidepressants. Fall risk increased 
significantly with 28% at 0.25 of the Defined Daily Dose (DDD) of an antipsychotic or 
antidepressant, with 8% at 0.2 of the DDD of an anxiolytic, and with 56% at 0.5 of the 
DDD of a hypnotic or sedative; it increased further with dose increments, and with 
combinations of psychotropics.

With regard to the dose-response relationships between specific psychotropic drugs 
and the risk of an injurious fall we found a significant dose-response relationship for 
the use of selective serotonin reuptake inhibitors (SSRIs). The risk of an injurious fall 
increased significantly with 31% at 0.25 of the DDD of a SSRI. Higher doses increased 
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the risk further with a threefold risk at 1.00 DDD (HR 2.98, 95% CI 1.94-4.57). The risk 
increased further with the use of a SSRI in combination with a hypnotic or sedative.

We conclude that the use and higher dosages of psychotropics are associated with 
an increased fall risk in nursing home residents with dementia, and that the use and 
higher dosages of SSRIs are associated with an increased risk of an injurious fall in this 
population.

3. Methodologic al and theoretic al issues

Before we can give recommendations for clinical practice and future research, some 
methodological issues need to be considered. As some of these have already been 
discussed in the previous chapters, in this section we will review more general meth-
odological issues with regard to our prospective cohort study, and our retrospective 
database analysis.

Prospective cohort study on fall risk and balance and gait 
impairments

Regarding the prospective cohort study, there are some methodological points that 
need consideration. A strength of this study is the relatively homogeneous population 
of residents with dementia stage 5 or 6 on the Global Deterioration Scale (GDS).1 How-
ever, a potential limitation concerns the relatively small samples in our studies, which 
may hamper the generalizability of our results.

A second potential limitation concerns the fact that selection bias and selective loss to 
follow-up could have influenced our results. The true relationship between the balance 
and gait measurements and falls, might be distorted if consent was lower among legal 
guardians of residents in more severe stages of dementia, and if more severely impaired 
residents were lost to follow-up. Gait disturbances have been shown to vary according 
to the stage of the disease,2-3 but it has also been shown that residents with more severe 
cognitive impairment are no more likely to fall than residents with moderate cognitive 
impairment,4 Therefore, the predictive validity of the POMA and the electronic walkway 
system may have been overestimated. However, we think this potential overestimation 
would have been relatively small because all residents of this nursing home (both par-
ticipants and nonparticipants) were in stage 5 or 6 on the GDS.1

A third point that needs to be considered is the fact that baseline data, that were 
considered as potential confounders, were abstracted from medical records and nurs-
ing home charts on the day the balance and gait measurements took place. When a 
fall occurred during the follow-up period, residents were not examined again for new 
co-morbidities. We registered no data on symptoms of disease or changes in medical 
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conditions which could be precipitating factors associated with a fall. Due to this limita-
tion we may have overestimated the predictive validity of the POMA and the electronic 
walkway system.

Retrospective database analysis on fall risk and psychotropic drug 
use

The main strength of our study on drugs and (injurious) falls is our large and detailed 
dataset of 85,074 person-days in which all eligible residents were included. For each day 
of the study period, data on drug use were abstracted from the prescription database, 
and falls were retrieved from a standardized incident report system. Therefore, no mis-
classification was induced by the use of baseline measurement of drug use.5 Because of 
our large and detailed dataset we were able to identify the dose-response relationship 
between psychotropic drugs and (injurious) fall risk. Another strength of this study is 
the relatively homogeneous population of residents with dementia stage 5 or 6 on the 
GDS.1 As far as we are aware, we were the first to study the contribution of psychotropic 
drugs to falls in this population. For, it appeared from our systematic review as described 
in chapter 5 that there were no previous studies that conducted a sub-group analysis for 
this specific group of nursing home residents with dementia.

A potential limitation that has to be considered is that our study was performed in a 
single institution. However, the high prevalence of psychotropic drug use in our study 
is comparable with both Dutch and international studies in nursing home settings.6-9 
Moreover, also the prevalence of falls,10 and of injurious falls11 in our study is comparable 
with other studies in nursing homes. Therefore, we think that the results of our studies 
on psychotropic drugs and (injurious) falls will be generalizable to other nursing homes 
with residents with dementia, but this has to be demonstrated in multicenter studies in 
different countries.

The retrospective study design of our studies on drugs and (injurious) falls also neces-
sitates some consideration. Retrospective studies have the advantage of being relatively 
quick and inexpensive to implement. A disadvantage is that the gathered data was 
limited to the information available in the medical charts. Therefore, not all potentially 
relevant variables were included in the study like measures of the drugs’ indications. 
Many indications for the study drugs (e.g. depression, sleep disorder, agitation)12-14 are 
also fall risk determinants and indications for higher doses. We were not able to control 
for this type of confounding by indication since there was no standard procedure in 
place to quantify and record neuropsychiatric symptoms and behavioral disturbances 
in the medical charts. If we assume that residents with more severe neuropsychiatric 
symptoms received higher doses of psychotropic drugs, then this might have led to an 
overestimation of the dose-response relationship.
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4. Recommendations for clinic al pr ac tice

Balance and gait assessment

Mobility, i.e., the ability to get around in one’s environment, is a complicated function 
composed of multiple component manoeuvres. The assessment of mobility problems 
related to fall risk includes direct observation of the items of the POMA-Balance test, 
and the POMA-Gait test.15 By observing balance and gait components, underlying ab-
normalities can be screened, and possible restorative, preventive, or adaptive measures 
can be identified.15

For clinical practice, we recommend to use the POMA for those residents who under-
stand the instructions, especially since the POMA has a balance component besides a 
gait component. Impairments in balance could be important targets for interventions. 
However, for residents who have problems to understand the instructions of the POMA, 
an electronic walkway system is preferable because this instrument saves time and is 
not hampered by feasibility problems and information losses as seen with the applica-
tion of the POMA. Furthermore, the resident is not confronted with tasks that are too 
difficult. If the use of an electronic walkway system in practice is hindered because of 
cost constraints, we believe that velocity, which was the best predictive parameter for a 
fall, can alternatively be measured in a standardized way for example using a stopwatch, 
such as in the 4-meter walking test.16

Psychotropic drugs and falls

The results of our study have important clinical implications. The study lends support to 
the current opinion that implementation of effective nonpharmacological interventions 
should be tried before psychotropic drugs are prescribed to nursing home residents 
with dementia.17 Our findings demonstrate the necessity of investing in professionals in 
nursing homes to be able to cope with the complex problems they are faced with. The 
Dutch guideline on diagnosis and management of dementia recommends psychosocial 
interventions as first-line treatment of neuropsychiatric symptoms.18 Also bright light, 
education of the staff about sleep hygiene, aromatherapy, activity and exercise have 
been shown to be effective for the management of neuropsychiatric symptoms and 
behavioral disturbances which frequently occur in persons with dementia.19-20

With regard to the use of antipsychotics, there is growing evidence that discontinua-
tion of antipsychotics is possible without an increase in problem behaviours,21 and that 
the most promising treatments are individually tailored behavioural interventions.22 Re-
garding the limited effectiveness of antipsychotics,17, 23-26 the risk of stroke and increased 
mortality,27-29 and the nonpharmacological alternatives,19-20 the question arises whether 
these drugs should be prescribed at all to patients with dementia. If antipsychotics need 
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to be prescribed, their use should be restricted to the lowest possible dose and the need 
for continuation should be re-assessed on a regular basis.

Concerning the use of antidepressants, in current practice SSRIs are considered the 
best choice because of the less serious side effects in dementia17, 30 compared with other 
types of antidepressants.31-32 However, evidence is increasing that SSRIs are associated 
with falls and fractures.33-35 In our study we found a strong dose-response relationship 
between SSRIs and injurious falls. So, physicians should be cautious in prescribing SSRIs, 
even at low doses. Preference should be given to nonpharmacological interventions for 
depressive symptoms in persons with dementia. It has been shown that depression in 
nursing home residents with dementia can be reduced if well-trained nursing assistants 
help residents to undertake pleasant activities and to worry less.36

5. Recommendations for future research

We have three recommendations for further research. First, to refine our findings, large 
prospective studies on the predictive validity of balance and gait measurements for falls 
in a population with moderate to severe dementia are needed, and should focus on the 
differences in test and assessment methods, including more sophisticated technology 
such as an electronic walkway system. In addition, we recommend future research to 
determine whether fall risk profiles that consist of multiple fall predictors achieve better 
prediction of short-term fall risk than balance and gait measurements only.

Our second recommendation for future research concerns gait training in physical 
therapy. In physical therapy, gait training may focus on increasing gait velocity and 
mean stride length. We imagine that a retained ability to increased velocity and mean 
stride length, may be ideal candidates for interventions aimed at preventing falls. The 
question that will have to be addressed in future research is whether velocity and mean 
stride length are useful as outcome measures to evaluate the effect of interventions.

Third, our analysis of psychotropic drugs and falls was a retrospective study in a single 
institution. Multicenter prospective studies in similar populations are needed to confirm 
our findings. In addition, forthcoming research should analyse the temporal relationship 
between a fall and the initiation of a particular drug, as it is important to know when the 
risk of falling is highest in the days following the start or the increase of a certain drug.

Finally, our study experiences point to one last ethical consideration regarding research 
with nursing home residents with dementia. As mentioned above, more research within 
this specific population is needed. However, studies on patients with dementia are dif-
ficult to conduct because these patients may have limited capacity to give informed 
consent to participate in clinical research. Moreover, regulations have formulated that 
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potential research subjects who are incompetent ‘‘must not be included in a research 
study that has no likelihood of benefit for them unless it is intended to promote the 
health of the population represented by the potential subject, the research cannot in-
stead be performed with competent persons, and the research entails only minimal risk 
and minimal burden’’.37 Our studies have shown that research within this population can 
be carefully conducted by experienced caregivers, primarily using existing data sources 
and thereby minimising the burden to the participants. Since this type of research may 
lead to important knowledge gains and potential health benefits to nursing home resi-
dents with dementia, it should be continued and expanded in the future.
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Chapter 9

Summary/Samenvatting
 
 
 
 
 
 
 
 
 
 
 
Falls are a major health problem among older people, particularly in nursing homes, and 
are associated with considerable morbidity and mortality. In nursing homes one-third 
of all falls results in an injury. Falls in nursing homes are usually multifactorial in origin. 
Among others, dementia, balance and gait impairments, and psychotropic drug use 
(antipsychotics, anxiolytics, hypnotics and sedatives, and antidepressants) have been as-
sociated with an increased fall risk. In this thesis we focus on these three fall risk factors.

In part one of this thesis (chapter 3 and 4) we evaluate the feasibility and predictive 
validity of two assessment methods for balance and gait impairments in this population 
with a specific view to predicting falls in the short term, i.e., three months. There, we ad-
dress the questions: 1) Is the Tinetti Performance Oriented Mobility Assessment (POMA) 
a feasible and valid instrument to predict short-term fall risk in ambulatory nursing 
home residents with dementia? 2) Is an electronic walkway system a feasible and valid 
instrument to predict short-term fall risk in ambulatory nursing home residents with 
dementia? 3) Which of the gait parameters has the best predictive value with regard to 
fall risk in this specific population?

In part two of this thesis (chapter 5,6 and 7) we quantify the contribution of specific 
(combinations of ) psychotropic drugs to fall risk in nursing home residents with demen-
tia. We address three specific research questions: 1) Which psychotropic drugs increase 
fall risk and what is known about the influence of these drugs on gait in nursing home 
residents with dementia? 2) What is the magnitude of the associations between specific 
psychotropic drugs and fall risk in nursing home residents with dementia? 3) Are there 
dose-response relationships between specific psychotropic drugs and fall risk in nurs-
ing home residents with dementia; and are there dose-response relationships between 
specific psychotropic drugs and the risk of an injurious fall?
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Chapter 1 gives a general introduction of this thesis. In chapter 2 we describe the 
rationale for starting this study, and we formulate the research questions of this thesis.

Chapter 3 presents the results of a prospective cohort study in which we evaluated 
the clinimetric properties of the POMA with a specific view to predicting falls in the 
short-term. In this study, the POMA showed several feasibility problems, with 41% of 
the residents having problems in understanding the instructions of one or more items 
of the test. Hence it was not possible to score these items. The inter-rater reliability of 
the instrument was good. The predictive validity was acceptable, and the POMA was 
significant in predicting a fall. Chapter 4 presents the results of a prospective cohort 
study in which we evaluate the feasibility and validity of gait parameters measured with 
an electronic walkway system in predicting short-term fall risk. Our results showed that 
gait parameters as measured with an electronic walkway system can be used for the 
prediction of short-term fall risk, and that velocity and mean stride length were the best 
significant gait predictors. The test procedure took only five minutes per resident, and 
for its conduction only some physical cueing or assistance was needed.

Chapter 5 presents a systematic review of the literature. We investigated which psycho-
tropic drugs increased fall risk and what was known about the influence of these drugs on 
gait in nursing home residents with dementia. We summarised the results of 17 prospec-
tive cohort studies. These studies consistently showed an increased fall risk for the use 
of multiple psychotropic drugs, anxiolytics, and antidepressants. The evidence for other 
psychotropic drug classes was limited or inconclusive. Our initial approach was to analyse 
the data of nursing home residents with dementia only. However, none of the studies we 
found used a sub-group analysis for this specific group of residents. We also found that 
little was known about the influence of psychoactive drugs on gait parameters.

Chapter 6 presents our analysis of the magnitude of the associations between spe-
cific psychotropic drugs and fall risk. We found that the use of antipsychotics, anxiolytics, 
hypnotics and sedatives, and antidepressants significantly increased fall risk. We also 
found significant dose-response relationships for the use of antipsychotics, anxiolytics, 
hypnotics and sedatives, and antidepressants. Fall risk was already increased signifi-
cantly at low dosages of these drugs; it increased further with dose increments, and with 
combinations of psychotropics. Chapter 7 describes our analysis of the dose-response 
relationship between the use of the most used an preferred antidepressants {i.e., se-
lective serotonin reuptake inhibitors (SSRIs)} and injurious falls. We found a significant 
dose-response relationship for the use of SSRIs. The risk of an injurious fall was already 
increased significantly at low dosages; it increased further with dose increments, and in 
combination with a hypnotic or sedative.

In the general discussion, chapter 8, the main findings of this thesis are summarised, 
and some methodological issues are discussed. In addition, recommendations for clini-
cal practice and for future research are discussed.
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Samenvat ting

Valincidenten komen veel voor bij oudere mensen en vormen een belangrijk gezond-
heidsprobleem, vooral in verpleeghuizen. De gevolgen kunnen ernstig zijn. In verpleeg-
huizen leidt één derde van alle valpartijen tot een letsel. Een val wordt vaak veroorzaakt 
door een combinatie van verschillende factoren. Onder andere, het hebben van een 
dementie, problemen met het evenwicht en met het lopen en het gebruik van zoge-
naamde psychotrope medicijnen (antipsychotica, middelen tegen angst en depressie, 
en slaap-en kalmeringsmiddelen) verhogen de kans op een val. In dit proefschrift 
richten we ons op deze drie risicofactoren voor vallen.

In het eerste deel van dit proefschrift (hoofdstuk 3 en 4) evalueren we de bruikbaar-
heid en de validiteit van twee verschillende meetinstrumenten voor het evenwicht en 
het looppatroon in deze populatie. Waarbij we vooral onderzoeken of we met deze meet-
instrumenten kunnen voorspellen of een bewoner op korte termijn gaat vallen, dat wil 
zeggen, binnen drie maanden. De twee onderzoeksvragen in het eerste deel luiden: 1) 
Is de Tinetti Performance Oriented Mobility Assessment (POMA) een bruikbaar en valide 
instrument om de kans op een val binnen drie maanden te voorspellen bij zelfstandig 
lopende verpleeghuisbewoners met dementie? 2) Is een elektronische loopmat een 
bruikbaar en valide instrument om de kans op een val binnen drie maanden te voorspel-
len bij zelfstandig lopende verpleeghuisbewoners met dementie? 3) Zo ja, welke facetten 
van het looppatroon hebben de beste voorspellende waarde in deze doelgroep?

In het tweede deel van dit proefschrift (hoofdstuk 5,6 en 7) brengen we in kaart 
hoe groot de bijdrage is van specifieke psychotrope medicijnen, en van combinaties 
van deze medicijnen, aan het valrisico van dementerende verpleeghuisbewoners. De 
drie onderzoeksvragen in het tweede deel luiden: 1) Welke psychotrope medicijnen 
verhogen het valrisico en wat is er bekend over de invloed van deze medicijnen op het 
looppatroon bij verpleeghuisbewoners met dementie? 2) Hoe sterk is het verband tus-
sen specifieke psychotrope middelen en de kans op een val bij verpleeghuisbewoners 
met dementie? 3) Zijn er dosis-respons relaties tussen specifieke psychotrope middelen 
en de kans op een val bij verpleeghuisbewoners met dementie; zijn er dosis-respons 
relaties tussen specifieke psychotrope middelen en de kans op een val met letsel bij 
verpleeghuisbewoners met dementie?

Hoofdstuk 1 geeft een algemene inleiding over de onderwerpen beschreven in dit 
proefschrift. Hoofdstuk 2 beschrijft de motivatie om deze studie te starten. Tevens 
worden in dit hoofdstuk de onderzoeksvragen van dit proefschrift geformuleerd.

In Hoofdstuk 3 wordt een prospectief cohortonderzoek beschreven naar de kli-
nimetrische eigenschappen van de POMA. Hierin werd nadrukkelijk gekeken naar de 
bruikbaarheid van de POMA en of deze test een val op de korte termijn (binnen drie 
maanden) kan voorspellen. In deze studie bleek dat 41% van de bewoners problemen 
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had met het begrijpen van de instructies van één of meer items van de test, waardoor 
het niet mogelijk was om deze items te scoren. Verder bleek dat de interbeoordelaars-
betrouwbaarheid van de test goed was, dat de predictieve validiteit acceptabel was, en 
dat de POMA significant was bij het voorspellen van een val. Hoofdstuk 4 presenteert 
de resultaten van een prospectief cohortonderzoek met een elektronische loopmat. 
Er werd onderzocht in welke mate deze elektronische loopmat bruikbaar is en of de 
verschillende facetten van het looppatroon een val op korte termijn kunnen voorspel-
len. Onze resultaten toonden aan dat een elektronische loopmat gebruikt kan worden 
voor de voorspelling van valrisico op korte termijn. Verder bleek dat de loopsnelheid en 
de gemiddelde paslengte de beste voorspellers waren voor een val. De testprocedure 
duurde slechts vijf minuten per bewoner. Voor de uitvoering waren slechts enige fysieke 
aanwijzingen of hulp noodzakelijk.

In Hoofdstuk 5 worden de resultaten gepresenteerd van een literatuuronderzoek 
(systematic review) naar de invloed van psychotrope geneesmiddelen op het valrisico 
en op het looppatroon van demente verpleeghuisbewoners. In de review zijn 17 pros-
pectieve cohortstudies opgenomen. Deze studies toonden aan dat er een verhoogd val-
risico was wanneer meerdere psychotrope middelen tegelijk gebruikt werden, en bij het 
gebruik van middelen tegen angst en depressie. Het bewijs voor andere psychotrope 
middelen was beperkt of niet overtuigend. Het was in eerste instantie onze bedoeling 
om alleen gegevens van verpleeghuisbewoners met dementie te analyseren. Echter, 
in geen van de studies was een subgroepanalyse gedaan voor deze specifieke groep 
bewoners. Verder vonden we dat er weinig bekend was over de invloed van psychotrope 
geneesmiddelen op het looppatroon bij deze doelgroep.

Hoofdstuk 6 beschrijft onze analyse van de sterkte van het verband tussen het gebruik 
van specifieke psychotrope medicijnen en het valrisico. We vonden dat het gebruik van 
antipsychotica, middelen tegen angst en depressie, en slaap- en kalmeringsmiddelen het 
valrisico significant verhoogden. Tevens vonden we significante dosis-respons relaties voor 
het gebruik van antipsychotica, middelen tegen angst en depressie, en slaap- en kalme-
ringsmiddelen. Een lage dosering gaf al een verhoogd valrisico. Het valrisico nam verder toe 
bij een verhoging van de dosis en bij combinaties van psychotrope medicijnen. Hoofdstuk 
7 beschrijft onze analyse van de dosis-respons relatie tussen het gebruik van de meest ge-
bruikte en geprefereerde antidepressiva {selectieve serotonine heropname remmers (SSRI’s)} 
en een val met letsel. We vonden een significante dosis-respons relatie voor het gebruik van 
SSRI’s. Het risico op een val met letsel nam al toe bij een lage dosering. Het risico nam verder 
toe bij een verhoging van de dosis en in combinatie met een slaap- of kalmeringsmiddel.

In de algemene discussie, hoofdstuk 8 worden de belangrijkste bevindingen van dit 
proefschrift samengevat. Tevens wordt een aantal methodologische aspecten besproken. 
Tot slot worden aanbevelingen voor de klinische praktijk en voor toekomstig onderzoek 
besproken.
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