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2 Einleitung

2.1 Demographischer Wandel

In einer Gesellschaft, die durch medizinischen Fortschritt und ein gutes
soziales System gekennzeichnet ist und somit immer alter wird, spielen
medizinische Probleme des Alters eine immer grofRere Rolle [1]. Die
Lebenserwartung ist in Deutschland wie auch in anderen Industrielandern in
den letzten Jahren kontinuierlich gestiegen; so lag laut Statistischem
Bundesamt die durchschnittliche Lebenserwartung von Frauen 1995 noch bei
79,78 Jahren und 2012 schon bei 83,14 Jahren; die von Ménnern stieg im
gleichen Zeitraum von 73,24 auf 78,27 Jahre an. Im Gegensatz dazu ist die
Geburtenrate gesunken: 2012 lag sie bei 1,38 Kinder pro Frau (im Alter von
15-49 Jahren) im Vergleich zu 2,37 im Jahre 1960. Dadurch andert sich das
Altersprofil der Bevolkerung zunehmend. Der Anteil an Personen Uber 65 ist
in den letzten Jahren stetig gewachsen und wird auch in Zukunft noch
ansteigen (Abbildung 1). Es ist prognostiziert, dass weltweit der Anteil an
Personen uber 65 Jahren zwischen 2004 und 2050 von 461 Millionen auf 2
Milliarden ansteigen wird [2, 3]. Fur Deutschland wird geschatzt, dass der
Anteil der Uber 60-jahrigen in den nachsten 50 Jahren von gut 23% auf 37%
steigen wird [4]. AuBBerdem ist interessant, dass die Restlebenserwartung
einer Uber 65-jahrigen Person jedes Jahr um 50 Tage steigt — Menschen
verbringen immer mehr Zeit ihres Lebens im héheren Alter, d.h. als Senioren.

Demografische Entwicklung in Deutschland

Jahra lahre

2010 2030 2050
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Abbildung 1: Der Wandel in der Altersstruktur von 1990 bis 2050: der Anteil der Uber 60-jahrigen
steigt kontinuierlich an. Quelle: Statistisches Bundesamt.

2.2 Multimorbiditat bei Senioren

Senioren unterscheiden sich von jungeren Menschen hinsichtlich ihres
Gesundheitsprofils sowie in der Anzahl bestehender Krankheiten. Chronische
Erkrankungen wie Diabetes mellitus oder Herz-Kreislauf-Erkrankungen treten
bei jingeren Menschen meist isoliert auf. Bei alteren Menschen jedoch treten
haufig mehrere gesundheitliche Probleme gemeinsam auf — man spricht von
Multimorbiditat. Multimorbiditéat reduziert die Lebensqualitat der Personen
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signifikant [5, 6] und sorgt fur hohe Kosten im Gesundheitswesen [7]. In einer
Publikation von Kirchberger et al. [8], die auf den Daten von 4127 in der
Gemeinschaft lebenden Personen Uber 65 Jahren beruht, wurden 13
chronische Erkrankungen zur Definition der Multimorbiditat herangezogen:
Bluthochdruck, Erkrankungen der Augen, Herzerkrankungen, Erkrankungen
der Lunge, der Niere, der Leber und der Gelenke, Diabetes mellitus,
Krebserkrankungen, Schlaganfall, neurologische Erkrankungen,
gastrointestinale und mentale Erkrankungen. Menschen, die mindestens zwei
dieser Erkrankungen hatten, wurden als multimorbid eingestuft. Am
haufigsten traten folgende Krankheitskombinationen auf: Bluthochdruck und
Diabetes mellitus mit einer Odds Ratio (OR) von 2,95 und einem
Konfidenzintervall (KI) von 2,19-3,96 sowie Bluthochdruck und Schlaganfall
mit einer OR von 2,00 (KI [1,26-3,16]). In dieser Publikation wurden vier
Multimorbiditatscluster identifiziert:

Kardiovaskulare und metabolische Erkrankungen
Gelenk-, Leber-, Lungen- und Augenerkrankungen
Neurologische Erkrankungen

Gastrointestinale Erkrankungen und Krebserkrankungen.

NP

Fast die Halfte aller untersuchten Personen (44%) konnten einem dieser
Muster zugeordnet werden, 14% sowohl dem ersten als auch dem zweiten
Muster. Es konnte damit gezeigt werden, dass bestimmte Erkrankungen
gehauft gemeinsam auftreten — was auf zugrundeliegende pathologische
Mechanismen hinweisen kann.

2.3 Gebrechlichkeit und Behinderung im Alter

Die steigende Lebenserwartung und die damit verbundene hohe
Wabhrscheinlichkeit einer bestehenden Multimorbiditat bei Senioren werden
den Unterstitzungsbedarf und die Lebensjahre in Pflegebedurftigkeit
ansteigen lassen. Man schatzt, dass bundesweit die Zahl der 2,25 Mio.
Pflegebediirftigen (Stand 2007) auf etwa 3,37 Mio. im Jahr 2030 steigen wird
[9]. Zusatzlich fihrt eine eingeschrankte korperliche und geistige
Funktionsfahigkeit  (,Frailty“) sowie eine zunehmende Anzahl an
Behinderungen (,Disability“) zu einer Einschrankung der Lebensqualitat.
Senioren werden mit veranderten Lebensbedingungen, sozialer Isolation und
fehlender Mobilitat konfrontiert sein. Ein gesundes und ,erfolgreiches” Altern
und die Aufrechterhaltung der personlichen Autonomie trotz Einschrankungen
im alltdglichen Leben sind daher relevante individuelle, politische und
gesellschaftliche Ziele [10].

In einem systematischen Review von 2012 lag der Anteil an Personen Uber
65 Jahren mit ,Frailty* (klassifiziert nach den Kriterien von Fried [11]) bei 9,9%
(95% KI 9,6-10,2), 44,2% wurden als ,Pre-Frail” eingestuft (95% Kl 44,2-
44.7). Frauen sind dabei haufiger betroffen als Manner und mit dem Alter
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steigt der Anteil von 4% bei den 65-69-jahrigen bis auf 26% bei den Uber 85-
jahrigen [12]. ,Frailty® geht auRerdem mit einer erhéhten Mortalitét einher.
Eine Studie mit 754 Teilnehmern zeigte, dass ,Frailty“ in 27,9% der Falle die
Todesursache war [13].

In einer Publikation, die 4117 Uber 65-jahrige Personen untersucht hat, lag
der Anteil an minimalen Behinderungen bei 44,27%. Vor allem traten
Behinderungen bei Frauen auf sowie bei Personen mit einem erhgohten Body
Mass Index (BMI), einem niedrigen Einkommen, korperlicher Inaktivitat und
schlechter Erndhrung. Probleme mit Gelenken und Augenerkrankungen
beeinflussten die Behinderung am meisten [14]. Behinderung wurde dabei
Uber den Health Assessment Questionnaire Disability Index (HAQ-DI)
gemessen [15].

2.4 Stlrze bei dlteren Menschen

2.4.1 Definition von Sturzen

Es gibt keine allgemeingiltige Definition des Begriffes ,Sturz“ sondern
mehrere Definitionen, die sich darin unterscheiden, ob die Person nach dem
Sturz zwingend auf dem Boden liegen muss oder auch z. B. auf einem
Mobelstiick gelandet sein kann und ob auch durch &ulRere Einflisse wie z. B.
Erkrankungen hervorgerufene Stirze miteingeschlossen werden [16, 17].
Aufgrund dessen hat das Prevention of Falls Network Europe (ProFaNE) als
Ergebnis einer Konsensuskonferenz aktuell die Verwendung folgender
Definition empfohlen: ,A fall should be defined as an unexpected event in
which the participants come to rest on the ground, floor, or lower level.” [18].

2.4.2 Folgen von Stlrzen bei Senioren

Stirze sind ein weit verbreitetes Phanomen bei alteren Personen und kénnen
ein erfolgreiches Altern verhindern bzw. sogar zum Tode flihren. AuRerdem
kénnen Stiurze die Ursache fir langfristige Behinderungen sein. Jeder Dritte
Uber 65-jahrige Erwachsene stlrzt einmal pro Jahr. Ungefahr jeder zehnte
dieser Stirze bewirkt schwere Verletzungen, wie Kopfverletzungen oder
Huftbriiche [19-23].

Besonders schwerwiegende Folgen hat ein Sturz, wenn der Betroffene nicht
selbststandig aufstehen kann und nicht sofort gefunden wird. Es gibt Studien,
die zeigen, dass jede zweite Person, die nach einem Sturz langer liegen
bleibt, innerhalb von einem halben Jahr stirbt [24, 25].

Doch selbst wenn Stiirze nicht zum Tode fihren, so bewirken sie haufig, dass
altere  Menschen nicht mehr selbststédndig leben kénnen und im Heim
untergebracht werden muissen. So zeigen Tinetti und Kollegen in ihrer
Untersuchung an 1103 Personen zum Beispiel, dass 133 Personen (12,1%)
nach einem Sturz in einem Heim untergebracht werden mussten [21].
Knochenbriiche treten in weniger als 10% der Féalle auf [22], kdnnen dann



Einleitung 5

jedoch zu Morbiditat und Einschrankungen tUber einen sehr langen Zeitraum
fuhren. Aber auch Stirze ohne daraus resultierende direkte Folgen kdnnen
die Lebensqualitdt und Mobilitat alterer Menschen reduzieren, z. B. weil die
Personen Angst davor haben, erneut zu stirzen.

Neben den gesundheitlichen Folgen und dem Einfluss auf die Lebensqualitat
der Dbetroffenen Personen |6sen Stiurze auch hohe Kosten im
Gesundheitswesen aus. In einem Review, der 32 weltweite Studien
eingeschlossen hat, lagen die durch Stirze verursachten Kosten im
Gesundheitswesen bei 0,85% bis 1,5% der gesamten Ausgaben im
Gesundheitssektor und bei 113 bis 547 USD pro Person und Einwohner. Die
Kosten pro gestlirzter Person, pro Sturz und pro sturzbedingtem
Krankenhausaufenthalt bewegten sich zwischen 2.044 und 25.955 USD,
1.059 und 10.913 bzw. 5.654 und 42.840 USD - je nach Schwere des
Sturzes. 18 Analysen stammen aus den USA, neun aus Europa, vier aus
Australien und eine aus Jamaika. Fur Deutschland werden die Kosten fir die
Behandlung von Sturzfolgen auf 2,1 bis 3,8 Milliarden Euro pro Jahr
geschéatzt. Bisher gibt es allerdings noch keine Studien zu sturzbedingten
Kosten in Deutschland; die genannten Zahlen basieren auf den Studien aus
anderen Landern [26].

2.4.3 Bekannte Risikofaktoren fur Stiirze bei Senioren

Aufgrund der oben dargestellten Erkenntnisse werden seit Jahren
behandelbare Risikofaktoren fir Stirze identifiziert. Viele verschiedene
Risikofaktoren fur Stirze wurden bereits 1988 von Tinetti und Kollegen
identifiziert und 2010 in einer Metanalyse von DeAndrea et al. bestatigt.
Hierzu gehdren z. B. das Alter, ein bestehender Diabetes mellitus, eine
manifeste Depression, kognitive Einschrankungen, funktionale
Einschrankungen oder bereits vorangegangene Stirze [20, 27]. So fanden
DeAndrea et al. in einer Analyse von 74 verschiedenen Untersuchungen
heraus, dass die starkste Assoziation zwischen vorangegangenen Stirzen
und einem erhdhten Sturzrisiko bestand (OR = 2,8). Betrachtet man nur die
Personen, die schon mehrmals gestirzt sind, so erhéht sich das OR auf 3,5.
Ebenso erhdhten Gangprobleme das Sturzrisiko (OR = 2,1), wobei der Begriff
Gangprobleme nicht genauer spezifiziert wurde. Auch die Verwendung von
Gehhilfen (OR 2,2), ein bestehender Schwindel (OR = 1,8), eine
Parkinsonerkrankung (OR = 2,7) und die Einnahme von Medikamenten gegen
Epilepsie (OR = 1,9) erhdhten das Sturzrisiko. Die Messungen von Balance
und Muskelschwéche variierten sehr stark zwischen den Studien, weshalb
deren Einfluss auf das Sturzrisiko nicht genauer untersucht werden konnten
[27].

Einige der identifizierten Risikofaktoren fur  Stirze wie z.B.
Gleichgewichtsstorungen oder verminderte Kraft in den unteren Extremitaten
konnten relativ einfach behandelt werden. Jedoch gibt es auch viele nicht
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beeinflussbare Risikofaktoren wie beispielsweise das Alter, bereits
vorangegangene Stlrze, das Geschlecht oder das Vorliegen von geistigen
Behinderungen. Werden bei einer alteren Person solche nicht beeinflussbare
Risikofaktoren identifiziert, so kobnnen vorbeugende Mal3hahmen wie z. B. das
Anbringen von Handlaufen in den Wohnungen der Senioren oder die
Installation eines Notrufsystems Stirze vermeiden bzw. die Folgen durch z. B.
langeres Liegen nach einem Sturz verringern.

Auf der anderen Seite konnen Interventionen, die gezielt verdnderbare
Risikofaktoren fur Stlrze behandeln, das Sturzrisiko reduzieren. Deshalb
macht es Sinn, weitere beeinflussbare Risikofaktoren fur Stirze zu
identifizieren, um in Zukunft die Sturzpravention weiter auszubauen zu
kénnen.

2.4.4 Anamie im Alter und Sturzrisiko

Ein niedriger Hamoglobinwert hangt - so wie Schwéche, Schwindel und
chronische Erschopfung - haufig mit einer Verschlechterung der
Beweglichkeit, der physischen Funktionen und der exekutiven Funktionen®
zusammen — all dies sind Faktoren, die das Sturzrisiko erh6hen kdnnen [28,
29]. Auf der anderen Seite hdngen eine Einschrankung der Beweglichkeit
sowie eine reduzierte Muskeldichte und Muskelkraft mit einem niedrigeren
Hamoglobinwert zusammen [30, 31].

Verschiedene Publikationen haben einen Zusammenhang zwischen einer
vorliegenden Anamie und einem erhdhten Sturzrisiko bei alteren Menschen,
die zu Hause leben, in Altersheimen oder Krankenhausern untergebracht
sind, festgestellt. [32-35]. Eine weitere Studie, die sich nicht nur mit alteren
Menschen sondern allgemein mit erwachsenen Amerikanern beschaftigt
(REGARDS-Studie) fand heraus, dass bei Mannern ein niedriger
Hamoglobinwert mit einem erhéhten Sturzrisiko zusammenhing — bei Frauen
ging sowohl ein niedriger als auch ein zu hoher Hamoglobinwert mit einem
erhdhten Sturzrisiko einher [36]. Bei Patienten im Krankenhaus gilt Anamie
ebenfalls als Risikofaktor fur Stiirze [37]. Es gibt bisher allerdings nur wenige
Studien, die eine grol3e Gruppe von Senioren aus der Allgemeinbevélkerung,
die noch zu Hause leben und am offentlichen Leben teilhaben, untersuchten.
Keine der Studien analysierte bisher Daten aus Deutschland.

! Mit dem Terminus exekutive Funktionen werden in der Hirnforschung und
Neuropsychologie geistige Funktionen bezeichnet, mit denen Menschen (im
weiteren Sinne: hohere Lebewesen) ihr Verhalten unter Beriicksichtigung der
Bedingungen ihrer Umwelt steuern. Als Synonym flr dieses Bundel an
Fahigkeiten werden oft auch die Begriffe ,kognitive Kontrolle® oder
L~Supervisory Attentional System (SAS)“benutzt. (Quelle: Wikipedia)
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2.4.5 Gangveradnderungen im Alter und Sturzrisiko

,Gehen ist ein riskantes Geschéft. Ohne eine sekundengenaue Abstimmung
wirde ein Mensch flach auf das Gesicht fallen; tatséchlich steht er bei jedem
Schritt, den er macht, am Rande einer Katastrophe“ [John Napier][38].

Wir brauchen mehrere Jahre unseres Lebens, um zu lernen wie wir gehen.
Als Erwachsene gehen wir automatisch, doch im Alter wird das Gehen wieder
zunehmend zu einer schwierigen Aufgabe, auf die wir unsere ganze
Aufmerksamkeit richten missen — dann kann schon eine kleine Ablenkung zu
einem Sturz fuhren. Auch gesunde é&ltere Menschen haben gegeniber
gesunden jungen Menschen einen veranderten Gang. Winter und Kollegen
zeigten in ihrer Publikation, dass bei é&lteren Menschen z. B. die
Geschwindigkeit und Doppelschrittlange verkirzt waren [39], ein Ergebnis,
das von Menz et al. bestatigt wurde [40].

Auch wenn die Ursache fir einen Sturz sich aus vielen Faktoren
zusammensetzt, haben doch die meisten Stlrze etwas gemeinsam: sie treten
wahrend des Gehens auf [39-41]. Verschiedene Studien haben festgestellt,
dass Veranderungen in spatio-temporalen Gangparametern das Sturzrisiko
signifikant erhéhen - besonders Parameter, die die Gangvariabilitat
beschreiben, waren hier sehr aussagekraftig [42-44]. So stellte Maki in seiner
Untersuchung digitalisierter Ful3abdricke von 75 Personen fest, dass eine
reduzierte Doppelschrittlange und Geschwindigkeit sowie eine verlangerte
Doppelstandzeit zwar einen Einfluss auf die Angst zu sturzen jedoch keinen
Einfluss auf das Sturzrisiko an sich haben. Die Schritt zu Schritt Variabilitat
der drei genannten Gangparameter war allerdings direkt assoziiert mit dem
Sturzrisiko, wobei die Variabilitit in der Geschwindigkeit am
aussagekraftigsten war [44]. Hausdorff et al. konnten sogar zeigen, dass die
Variabilitat in der Doppelschrittdauer Stiirze vorhersagen kann [43].

Die Messung solcher Gangparameter ist allerdings schwierig, die
Veranderungen sind mit bloBem Auge normalerweise nicht zu erkennen.
Deshalb ist der Einsatz von prazisen, objektiven Messmethoden flr
Gangparameter in der Sturzpravention nétig. Bei Hausdorff et al. z. B.
bewegten sich die Studienteiinehmer 6 Minuten lang wahrend sie
Drucksensoren in ihren Schuhen trugen [43]. Beispiele fur andere heute
verwendete Systeme zur Messung von Gangparametern sind opto-
elektronische Systeme, Druckmessplatten, Akzelerometer oder elektronische
Gangmatten. Jede dieser Methoden hat Vor- und Nachteile. So erlauben
Akzelerometer oder in den Schuh integrierte drahtlose Sensoren auch
Langzeitmessungen des Ganges, kdnnen aber den Gang nicht so genau
bewerten wie zum Beispiel die Messung Uber Gangmatten. Mittels
Gangmatten konnen jedoch jeweils nur wenige Schritte aufgenommen
werden [45].
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Die Daten, die in dieser Arbeit untersucht wurden, wurden mithilfe einer
elektronischen Gangmatte (GAITRite System) gemessen, Uber die die
Studienteilnehmer gehen mussten. Die Matte zeichnete auf einer Strecke von
4,88 Metern Uber Drucksensoren die einzelnen Bodenkontakte der Personen
auf und errechnete sowohl temporale Parameter wie die Schrittdauer oder die
Anzahl der Schritte pro Minute als auch spatiale Parameter wie die
Schrittlange oder Schrittweite. Fir unsere Untersuchungen haben wir uns auf
sechs Parameter beschrankt: Geschwindigkeit, Kadenz (Schritte/Minute),
Dauer, Doppelschrittlange, Doppelschrittdauer und Schrittweite.

Es stellt sich die Frage, ob es typische, primar, d.h. mit bloBem Auge, nicht
erkennbare Veranderungen im Gang von &lteren Menschen gibt, die auf ein
erhohtes Sturzrisiko hindeuten. Deren Erkennung konnte dabei helfen,
Stlrzen vorzubeugen. AulRerdem ware es interessant zu sehen, wie sich der
Gang im Zusammenhang mit den oben erwdhnten Themen Multimorbiditat,
.Frailty“ und ,Disability“ verandert.

2.4.6 Stand der Forschung hinsichtlich Sturzh&aufigkeit und Sturzrisiko

bei &lteren Menschen aus der deutschen Allgemeinbevdlkerung
Fur Deutschland liegen bisher weder Studien mit bevdlkerungsbasierten
Stichproben noch Statistiken zur Haufigkeit von Stirzen vor [46]. Nur die
Daten der Krankenhauser zur Behandlung von Verletzungen infolge von
Sturzen geben einen Aufschluss tber die Grol3e des Problems. Demnach
werden jahrlich ca. 1,7 Millionen Patienten wegen Verletzungen, Vergiftungen
und anderen Folgen aufRerer Ursachen zur stationaren Behandlung
aufgenommen. Bei den Personen Uber 65 Jahren ist die Fallzahl dabei am
grofdten: pro Jahr treten 3726 Falle je 100.000 Einwohner auf [4].

Zwei Studien beschaftigten sich bisher mit zu Hause lebenden Senioren in
Deutschland. In der einen Untersuchung wurden 217 mindestens 70-jahrige
Senioren rekrutiert. 29-39% dieser Personen berichteten, im vergangenen
halben Jahr mindestens einmal gestirzt zu sein. Wahrend des 12-monatigen
Untersuchungszeitraum stiirzten 45% der Senioren [47].

In der anderen Studie, bei der 192 Uber 65-jahrige Personen beobachtet
wurden, wurde bei 60% der Teilnehmer ein Sturz beobachtet. Der
Unterschied lag hierbei in der Rekrutierung: in der zweiten Studie wurden die
Teilnehmer Uber ambulante Pflegedienste und eine geriatrische Kilinik
rekrutiert und hatten dabei vermutlich schon von vorneherein ein hoheres
Sturzrisiko [48].

Im Bereich der stationdren Versorgung werden fur Deutschland jahrlich Daten
zur Sturzhaufigkeit erhoben [49]. Bei den Uber 65-jahrigen Personen ist die
Rate des ersten Sturzes pro 1000 Behandlungstage im Krankenhaus (4,2 bis
4,7) &hnlich der im Pflegeheim (4,5 bis 5,1). Betrachtet man aber die jingeren
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Personen, so ist die Rate mit 5,3 Stlrzen pro 1000 Behandlungstage im
Krankenhaus fast doppelt so hoch wie in Pflegeheimen (2,8). Der Anteil an
gestirzten Personen ist in geriatrischen Abteilungen am grof3ten (6,3 bis 7,2
%) [46].

Bezuglich Sturzrisiken in der Allgemeinbevdlkerung gibt es bisher keine
speziell mit deutschen Daten erhobenen Ergebnisse.

2.5 Zielsetzung und Inhalt dieser Dissertation

In dieser Arbeit sollten anhand von Daten einer bevdlkerungsbasierten
Querschnittsstudie (KORA Age) mogliche Risiken flr Stirze bei alteren in
Deutschland lebenden Personen untersucht werden. Die daraus gewonnen
Ergebnisse lieferten neue Informationen tber Sturzhaufigkeit und Sturzrisiken
von Senioren in Deutschland. Der Fokus lag dabei auf der Untersuchung des
Zusammenhanges der  Risikofaktoren ~ Anamie und  ver&nderten
Gangparametern mit dem Auftreten von Stirzen.

Im Rahmen der KORA Studie (Kooperative Gesundheitsforschung in der
Region Augsburg) wird seit tber 20 Jahren der Gesundheitszustand von
Personen aus der Allgemeinbevdlkerung in der Region Augsburg untersucht.
Insgesamt wurden 4 populationsbasierte Querschnittserhebungen zwischen
1984/85 und 1999/2001 durchgefiihrt, 3 davon waren Teil des WHO-
MONICA-Projektes; nach Ende dieses Projektes 1995 wurde die vierte
Erhebung vom Helmholtz Zentrum als KORA Projekt weitergefthrt. Die
Stichproben wurden als Zufallsauswahl aus den Einwohnermeldeamtern
erhoben. Einschlusskriteriien waren die deutsche Staatsangehdrigkeit und ein
Wohnsitz in der Region Augsburg (Stadt Augsburg und die beiden
angrenzenden Landkreise Aichach-Friedberg und Augsburg). Teil dieser
Studie ist das Projekt KORA Age, auf dem die dieser Dissertation zugrunde
liegenden Analysen beruhen. Die Verbundpartner Helmholtz Zentrum
Minchen, Technische Universitat Minchen, Ludwig-Maximilians-Universitat
Minchen und Klinikum Augsburg entwickelten daflr ein spezielles
Untersuchungsprogramm, das die Teilnehmer hinsichtlich ihres
Gesundheitszustandes und ihrer Lebensumstande klassifiziert. Die
Veranderung von Gesundheitsparametern von Menschen Uber 65 Jahren
wurde dabei Uber einen Zeitraum von 3 Jahren erforscht. Ziel war es, die
Determinanten von Multimorbiditat zu untersuchen und Faktoren fur ein
.erfolgreiches Altern® zu identifizieren. Dazu wurden 2009 aus 9197
maoglichen Teilnehmern, 5991 Personen kontaktiert (Voraussetzung: lebend
und erreichbar). Von diesen nahmen 4127 Personen an einem
standardisierten telefonischen Interview teil. Eine Substichprobe von 1079
Personen wurde flr eine ausfuhrliche Untersuchung in das Studienzentrum in
Augsburg eingeladen.
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In der ersten Publikation aus dieser Arbeit geht es um den Einfluss von
Anamie auf das Sturzrisiko. Anhand von Daten aus der Querschnittsstudie
KORA Age 1 wurde der Zusammenhang von Anamie und einem erhéhten
Sturzrisiko bei Uber 65-jahrigen Personen analysiert. Die untersuchte Gruppe
bestand aus 967 Personen, die noch zu Hause lebten. Am Tag der
Untersuchung wurde von jedem Probanden einen Blutprobe genommen und
der Hamoglobin-Wert bestimmt. Aul3erdem wurden die Probanden gefragt, ob
und wie oft sie im letzten Jahr gestirzt sind. Der Anteil an Personen, die im
letzten Jahr gestirzt waren, lag bei 14%, Frauen sturzten fast doppelt so
haufig (19,1%) wie Manner (10,6%). Im Gegensatz zu bereits bekannten
Publikationen konnte in unserer Untersuchung kein grundsatzlicher
Zusammenhang zwischen Anamie bzw. einem erniedrigten Hamoglobin-Level
und dem Sturzrisiko festgestellt werden. Allerdings konnte bei
Untersuchungen von hoheraltrigen Personen mit ,Frailty” (nach Stanford
Health Assessment Questionnaire [15]) ein additiver Effekt der An&mie in
Bezug auf das Sturzrisiko festgestellt werden. Aufgrund unseres
Studiendesigns ist es jedoch nicht moglich, kausale Zusammenhange
zwischen Andmie und Stirzen festzustellen.

In der zweiten Publikation wurden die Unterschiede von verschiedenen
Gangparametern in folgenden Personengruppen der in 2009 gemessenen
Daten untersucht:

e gebrechliche und nicht gebrechliche Personen (,Frailty®)
e multimorbide und nicht multimorbide Personen

e behinderte und nicht behinderte Personen (,Disability®)
e Manner und Frauen

e junge“ Senioren (65 bis 74) und ,alte” Senioren (75+)

e Personen, die im letzten Jahr gestirzt sind und Personen, die nicht
gesturzt sind

e Personen, die in der letzten Woche weniger als funf oder mindestens
funf verschiedene Medikamente eingenommen hatten

Bis auf die Untersuchung der Sturz/Nicht Sturz — Gruppe unterschieden sich
alle untersuchten Gangparameter (Geschwindigkeit, Kadenz
(Schritte/Minute), Dauer, Doppelschrittlange, Doppelschrittdauer und
Schrittweite) in allen Gruppen signifikant. Gebrechliche, multimorbide,
behinderte und &altere Menschen laufen langsamer mit weniger Schritten pro
Minute, machen kirzere Schritte und haben einen breiteren Gang. Dasselbe
gilt fur die Personen, die mindestens 5 Medikamente eingenommen hatten —
sehr wahrscheinlich ist diese hohe Medikamentenanzahl eine Folge des
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Gesundheitszustandes der Probanden. Frauen hatten im Gegensatz zu
Mannern einen schméleren Gang und bewegten sich langsamer mit weniger
Schritten pro Minute und kiirzeren sowie schnelleren Schritten.

Fur die Gruppe Sturz/Nicht-Sturz  wurden zusatzlich logistische
Regressionsmodelle fir den Einfluss der Gangparameter auf das Sturzrisiko
berechnet. Hier konnte gezeigt werden, dass bei alteren Mannern (75+) eine
erhohte Schrittanzahl und eine verklrzte Schrittlange auf ein erhohtes
Sturzrisiko  hinweisen. Die Geschwindigkeit hingegen zeigte keine
signifikanten Zusammenhange mit dem Sturzrisiko. Ebenso konnten fur
Frauen keine signifikanten Einflisse der funf Gangparameter auf das
Sturzrisiko festgestellt werden.

Beide Publikationen zeigen interessante neue Erkenntnisse beziglich des
Zusammenhangs zwischen Anamie und Stirzen, zwischen Gangparametern
und dem allgemeinen Gesundheitszustand von alteren Mannern und Frauen,
sowie Gangparametern und Stlrzen. Allerdings erlaubt das Studiendesign
einer Querschnittsstudie keinerlei Aussagen zu kausalen Zusammenhangen
zwischen jeweiligem Risikofaktor und Stirzen. Die Ergebnisse erlauben aber
die Empfehlung, den allgemeinen Gesundheitszustand von Senioren
detailliert zu untersuchen und bei Hinweisen auf Gebrechlichkeit,
Behinderung oder Multimorbiditdt  vorbeugende  Malinahmen  zur
Sturzvermeidung zu treffen. So kdénnen schwerwiegende Verletzungen durch
Stirze und sogar Todesfélle vermieden werden. Die vorliegende Arbeit
beschaftigt sich mit in Deutschland erfassten, populationsbasierten Daten und
liefert hier erste Ergebnisse zur Sturzhaufigkeit bei zu Hause lebenden
Senioren.
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3 Zusammenfassung

Mit dem Anstieg der Lebenserwartung und dem Abfall der Geburtenrate
andert sich die Zusammensetzung der Gesellschaft in Deutschland: Der
Anteil der Senioren steigt. Da die gesundheitlichen Probleme von Senioren
andere sind als die von jingeren Menschen, erfordert dies Anpassungen im
Gesundheitswesen. So treten bei Senioren haufig mehrere Erkrankungen
gemeinsam auf, man spricht von Multimorbiditat. Die verlangerte
Lebenserwartung verursacht aufRerdem einen erhohten Pflegebedarf bei
Gebrechlichkeit und Behinderung.

Ein weiteres groRes Thema in der geriatrischen Medizin sind Stiirze. Diese
bilden sowohl aufgrund der gesundheitlichen Folgen fur die Betroffenen als
auch aufgrund der dadurch entstehenden hohen wirtschaftlichen Kosten ein
zunehmendes Problem fur die Gesellschaft. So konnen Stirze zu
schwerwiegenden Verletzungen bis hin zum Tode fuhren. Die Identifikation
von behandelbaren Risiken fur Stiirze gewinnt deshalb an Bedeutung.

Die vorgelegte Arbeit untersucht den Zusammenhang zwischen Anadmie und
Veranderungen im Gang eines Menschen mit dem Sturzrisiko dieser Person.
Die Datenbasis bildeten sowohl Interviewdaten als auch Untersuchungsdaten
von 967 zu Hause lebenden Personen, die &lter als 64 Jahre waren. Die
Daten stammen aus der KORA Studie, eine Studie, die seit Gber 20 Jahren
den Gesundheitszustand der Bevélkerung der Region Augsburg untersucht.

Es konnte kein signifikanter Zusammenhang zwischen Andmie und Stirzen
festgestellt werden. Jedoch konnte ein additiver Effekt der Anamie auf das
Sturzrisiko in der Gruppe der gebrechlichen und behinderten Senioren
festgestellt werden.

Die Untersuchung der Gangparameter lieferte die Erkenntnis, dass
gebrechliche, multimorbide, behinderte und altere Menschen langsamer und
mit weniger Schritten pro Minute laufen. Auferdem machen sie kirzere
Schritte und haben einen breiteren Gang. Dasselbe gilt fur die Personen, die
mindestens 5 Medikamente eingenommen hatten — sehr wahrscheinlich ist
diese hohe Medikamentenanzahl eine Folge des Gesundheitszustandes der
Probanden. Frauen hatten im Gegensatz zu Mannern einen schméleren Gang
und bewegten sich langsamer mit weniger Schritten pro Minute und ktrzeren
sowie schnelleren Schritten. Aul3erdem konnte gezeigt werden, dass bei
alteren Mannern (75+) eine erhohte Schrittanzahl und eine verkirzte
Schrittlange auf ein erhohtes Sturzrisiko hinweisen. Die Geschwindigkeit
hingegen zeigte keine signifikanten Zusammenhange mit dem Sturzrisiko.

Zusatzlich beschreibt diese Arbeit zum ersten Mal das Sturzverhalten einer
Gruppe von Aalteren zu Hause lebenden Personen aus der deutschen
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Allgemeinbevdlkerung. Der Anteil an Personen, die im letzten Jahr gestirzt
sind, lag dabei bei 10,4% bei den Mannern und 16,6% bei den Frauen.

Aufgrund des Studiendesigns konnen keine kausalen Aussagen zu
untersuchten Faktoren und dem damit verbundenen Sturzrisiko getroffen
werden. Die hier vorliegenden Ergebnisse beschreiben aber eine Gruppe von
deutschen Senioren detailliert und geben Hinweise darauf, dass es sinnvoll
ist, bei Anzeichen von Multimorbiditat, Gebrechlichkeit oder Behinderung
erste vorbeugende Mal3nahmen zur Sturzpravention zu ergreifen.
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4 Summary

Today, the percentage of older people (65 and older) of the German society
increases due to an extending life expectancy and a decreasing birth rate.
Whereas diseases appear isolated in younger people, older people do often
suffer from so called multimorbidity where different diseases occur at the
same time. The longer life expectancy also extents the need for home and
outpatient care caused by frailty and disability.

Another serious problem in geriatrics are falls. They emerge as a big
challenge for the society because of serious health consequences for the
affected person as well as high economical costs. Falls can lead to serious
injuries and even to death. The identification for treatable risk factors therefore
gains importance.

This work investigates on the relationship between anemia and changes in
the gait of a person and their risk to fall. Data were collected via interviews or
physical examinations of 967 community-dwelling people aged 65 and older.
The data were collected during the KORA study, which analyses the health
status of the population of the region Augsburg (Germany) since 20 years.

In this data no significant relationship between anemia and falls were found.
But an additive effect of anemia on the fall risk in the frail and disabled group
was found. Furthermore the analysis of gait parameters showed, that frail,
multimorbid, disabled and older people walk slower, with less steps per
minute, shorter steps and a wider gait. The same applies for people which
take five or more drugs regularly — something which is probably caused by the
health status of a person. Women have a decreased gait width compared to
men,; they walk slower with fewer steps per minute and make shorter, faster
steps. It was also shown that the fall risk increases with an increasing step
number and decreasing step length in men aged 75 and older. There was
found no significant relationship between speed and fall risk.

Additionally this work is the first to describe falls in elderly, community-
dwelling, German people: 10.4% of all men and 16.6% of all women aged 65+
did fall at least once during the last year.

The study design did not allow us to give evidence to some causal
correlations regarding the analyzed risk factors. But the results describe a
group of German seniors in detail and imply to take fall prevention measures
in case one finds indications of multimorbidity, frailty or disability in seniors.
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Abstract

Background: Falls and fractures are among the principal causes of disability, and mortality of older people. Therefore,
identifying treatable risk factors for falls in this population is very important. Here we evaluate the association between
anemia and falls in community-dwelling people aged 65 years and older.

Methods: In 2009 967 community-dwelling people aged 65 years and older were included as part of the KORA-Age
study. History of falls was assessed via questions derived from the National Health and Nutrition Examination Survey
questionnaire. A non-fasting venous blood sample was obtained from all study participants. Anemia was defined as a
hemoglobin level below 12 g/dL in women and below 13 g/dL in men according to the WHO criteria. Different logistic
regression models were computed including relevant confounders such as sex, age, and disability to estimate
Odds Ratios (OR) for falls.

Results: In the total sample there was no significant association between anemia and falls neither in the unadjusted
(OR 1.35; 95% Cl 0.87-2.09) nor in the multivariable-adjusted models (OR 1.06; 95% Cl 0.66-1.70). The association
between continuous hemoglobin levels and falls was significant in the unadjusted model (OR per 1 SD decrease
1.36; 95% Cl 1.14-1.64), but after adjustment for age and sex the association was attenuated and lost its significance
(OR 1.13; 95% (I 0.92-1.38). In age- and sex-stratified analyses, no significant associations between anemia or
hemaoglabin levels and falls could be found. However, in joint analysis in the total sample a significantly, more
than two-fold increased risk was observed after multivariable adjustment in persons with anemia and disability
(OR 2.10; 95% Cl 1.12-3.93) in comparison to persons without anemia and disability.

Conclusions: In the present study we have not found an independent association between hemoglobin levels or
anemia and falls in older people from the general population. Because there was an additive effect of anemia
and disability on the occurrence of falls, blood count should be measured in disabled older men and women to
identify persons, who are at particular high risk for falls.

Background

Falls and fall-related injuries are considered a major
public health problem in older people. Thirty percent of
people aged 65 plus experience a fall at least once a year,
and 15% at least twice per year [1-3]. It has been well
established knowledge that falls and fractures are among
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the principal causes of disability, admission to hospital
care, and mortality in older people [4-6]. Due to the
inability to get up again without help, older people
sometimes do experience a “long lie” [7], thus further
aggravation of injuries occurs. It has been shown that
half of older people who did lie longer after having
fallen, die within 6 months [7,8]. Falls are also associated
with high costs. For Germany, Heinrich et al. estimated
overall attributable costs between 2.1 and 3.8 billion
Euros per year [9]. Due to these serious health and
economic consequences, the identification of treatable
risk factors for falls of older people is important.

© 2014 Thaler-Kall et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public

Domain Dedication waiver (http.//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this

article, unless otherwise stated
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Anemia is common in old age, with a prevalence of
approximately 11% in subjects aged 65 years and older
as documented in the Third National Health and Nutri-
tion Examination Survey (NHANES III) study. The preva-
lence of anemia increases rapidly after the age of 50,
approaching a rate greater than 20% in those individuals
aged 85 years or older [10]. This also has been confirmed
by the Leiden 85 plus study, in which the prevalence of
anemia has been 26.7% for people aged 85 years or older
[11]. Regarding sex differences the results of the NHANES
1II study showed almost no difference in the group of 65
to 74 years (7.8% in men vs. 8.5% in women), yet with in-
creasing age, the prevalence of anemia was much higher
in men than in women (26.1% vs. 20.1%; aged 85+) [10].
In the Leiden 85 plus study the difference was even
higher: 35.5% anemic males vs. 22.3% anemic females [11].

Recently, anemia in old age, defined as a hemoglobin
level below 12 g/dL in women and below 13 g/dL in
men [12], has received increasing attention among
researchers. Symptoms of anemia include low energy,
fatigue, dizziness, and general weakness. In addition,
late life anemia is associated with subsequent physical
decline, as illustrated by increased disability, impaired
performance, and muscle weakness [13,14]. With these
consequences, anemia could result in an increased risk
of subsequent falls, although research confirming such
a potential link is limited.

So far, only a few publications exist investigating the
relation of anemia and falls in older persons. Three
studies found a significant increase in risk of falls with
decreasing hemoglobin (Hb) levels [15-17]. One other
could not find a significant relation, but points out that
anemic people fall more often than non-anemic people
[18]. Two of these publications included only people
living in nursing homes [15] or hospitalized for acute
care [17], and two others included community-dwelling
people with conflicting results [16,18].

Therefore, the aim of this study was to analyze the
association between anemia and falls in 967 community-
dwelling men and women aged 65 years or older. Fur-
thermore, we examined the combined relationship of
anemia and disability as well as frailty with falls in
older people.

Methods

Study design and participants

Data were collected in 2009 during the KORA (Cooperative
Health Research in the Region of Augsburg)-Age study, a
follow-up study of the four MONICA/KORA Augsburg
Surveys [19]. People aged 65 years and older were taken
from a population based random sample (n=15991). In
total, 4,127 people participated in a standardized telephone
interview (response 67%). Out of this group a randomly
drawn sample of 1,079 participants additionally underwent
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extensive physical examinations including the registration
of drug intake, collection of blood samples, anthropometric
examination, grip force measurement, gait analysis, and
an additional interview amongst others. Blood samples
and answers to fall questionnaires were available for
1,048 participants. After exclusion of 81 participants
because of missing data the final data set for the
present analysis consisted of 967 participants (477
women and 490 men) aged 65-91 years. The study was
approved by the ethics committee of the “Bayerische
Landesirztekammer”; all participants provided a written
informed consent.

Outcome definition

History of falls was assessed with the question “Did you
fall in the previous year?” with possible answers “yes,
once”, “yes, more than once” and “no”. This variable was
dichotomized in “at least one fall” and “no fall”. The ques-
tion was derived from the National Health and Nutrition
Examination Survey (NHANES)-questionnaire [20].

A non-fasting venous blood sample was obtained from
all study participants while sitting. Hematological parame-
ters were determined from fresh venous EDTA blood
samples using impedance measurements (Coulter” LH
780, Beckman Coulter GmbH, Krefeld, Germany). Anemia
was defined according to WHO criteria as a hemoglobin
(Hb)-level less than 12 g/dL in women and less than
13 g/dL in men [12].

Covariables

Information on socio-demographic characteristics and
lifestyle behavior was collected by an interview. Frailty
was assessed according to the criteria of Fried et al. [21]:
weight loss in the last 6 months (short German SCREEN 11
questionnaire [22]), fatigue (via interview questions), low
physical activity (via interview questions [23]), low walking
speed (Timed Up and Go Test) and low grip force
(measured via JAMAR, Saehan Corp.). Participants were
classified as frail when they met 3 or more criteria, pre-frail
when they met 1 or 2 criteria and non-frail when no criter-
ion was met. The variable was dichotomized in “frail” (in-
cluding pre-frail) and “non-frail”. The disability score was
assessed via the Stanford Health Assessment Questionnaire
[24] and categorized as disability “yes” (score =0.5) or “no”
(score <0.5) as suggested in literature [25]. Multimorbidity
was obtained with the Charlson-Comorbidity-Index from
Chaudhry [26]. Participants were classitied as multimorbid,
if they had =3 diseases. Drug intake during the last
7 days before the examination was recorded with the
IDOM-Software [27].

Statistical analyses
Besides descriptive analyses, different logistic regression
models were computed to assess associations of anemia/
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hemoglobin values with falls, respectively. Hemoglobin
levels were considered as continuous variable (decrease
per SD) and anemia (yes/no) was defined via WHO
criteria [12].

Variables were considered as confounders in the multi-
variable regression model, if they were significantly
(p <0.05) related to falls as well as Hb-level/anemia after
adjustment for age and sex (for details see Table 1).
However, the number of drugs was considered as
confounder although it was not significantly related to
falls, because the relation to anemia and Hb-level was
significant and literature suggests it as one risk factor
for falls [28-30].

For the outcome “falls (yes/no)” the unadjusted model
included hemoglobin level or anemia as independent
variables. Model 1 additionally included age (continuous),
and sex (in the unstratified analyses only) as confounders.
In model 2, the number of drugs was added in addition
to the confounders of model 1. In model 3 the variable
“disability status (yes/no)” was added to the con-
founders of model 2.

We stratified all models by sex, as the normal Hb-
level for men (213.0 g/dL) is higher than for women
(2120 g/dL) and due to the differences regarding the
frequency of falls among men and women. We also
stratified all models by age groups. The group of
“young-old” included participants aged 65 to 74 years;
the group of the “old-old” included all participants aged
75 years and older. Linearity was checked by including
a quadratic term of the hemoglobin variable in the
models (total study sample). As the p-values of the
quadratic terms were not significant, linearity was
assumed for the parameter hemoglobin.

Table 1 Overview of p-values for considered confounders

Hb level Anemic-WHO [12] Falls
Multimorbidity 00049 0.0118 0.1334
Disability 00023 <0001 0.0038
Diuretics 00584 0.0318 0.6326
Frailty <0001 <0001 0.1866
Hypertension 0.1297 0.8939 0.2585
Diabetes 0.0004 0.0369 04392
Anticoagulants 02342 0.0625 0.2856
Antihypertensives 0.1361 0.0553 0.9232
Number of drugs <0001 <0001 0.3257
Nutrition score 0.7864 0.1241 0.0044
Elevated alcohol intake 0.0004 0.0702 04226
PASE' 07922 0.2476 0.7308
BMI 00012 0.0689 0.0274

“alcohol intake >24 g/day in men and >12 g/day in women.
Physical Activity Scale for the Elderly. Scores range from 0 to 361 [31].
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To examine the joint effect of anemia and disability as
well as frailty on the occurrence of falls, in a second step
combined anemia and disability and anemia and frailty
variables were created. The subjects were classified into
four categories: 1. anemia “yes” and disability (frailty)
“yes”, 2. anemia “yes” and disability (frailty) “no”, and 3.
anemia “no” and disability (frailty) “yes”. Those with no
anemia and no disability (frailty) were category 4 and
thus the reference group. These analyses were performed
in the total sample but not conducted separately for
men and women or for the two age-groups due to low
numbers in the different subgroups.

Results of the models were presented as Odds Ratios
(ORs) and corresponding 95% confidence intervals (Cls).
Significance tests were two tailed and p-values <0.05
were considered as statistically signiticant. All analyses
were performed with SAS (version 9.2, SAS Institute
Inc, Cary, NC, USA).

Results

Study sample characteristics by sex

Table 2 presents the study characteristics of the study
population by sex. A total of 967 participants were
included accounting 477 women and 490 men. The
mean Hb-level was significantly higher in males than in
females (14.0 vs. 13.0 g/dL, p<.0001). Also mean
hematocrit was higher in men than in women. Women
fell nearly twice as often as men. When determining the
anemia status via WHO criteria (Hb-level <12 g/dL in
female, Hb-level <13 g/dL in male) [12], 17.7% of all
participants were classified as anemic. The percentage
was higher in men, but differed not significantly from
women. Altogether 30.8% of the examined women were
disabled; the corresponding number in men was 19.6%.
Other significant differences between men and women
could be found for nutrition score (39.0 vs. 37.5),
percentage of elevated alcohol intake (30.2% vs. 24.5%)

and for the mean PASE value (124.7 vs. 113.9).

Fall and non-fall-participant characteristics

Table 3 documents the study characteristics for partici-
pants who fell (fallers) as well as participants who re-
ported no fall during the last year (non-fallers). In the
total sample fallers were significantly older than non-
fallers; the same could be found when analyzing men
and women separately. Fallers also had lower values of
hemoglobin and hematocrit in the total sample, but not
in the sex-stratified groups. The percentage of anemic
persons in the whole sample was higher for fallers than
for non-fallers (21.2 vs. 17.0%); this was also the case
when stratifying by sex, but the differences were not sta-
tistically significant. Significantly more fallers were frail
and disabled. The nutrition score was significantly lower
in fallers compared to non-fallers in the total sample.
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Table 2 Study sample characteristics by sex (n (percentages) or means (£SD)

Variable Males (n =490) Females (n=477) All (n=967) P value
Mean age, y 759 (64) 760 (6.6) 760 (6.5) 07831"
Falls, n (%) 52 (10.6%) 91 (19.1%) 143 (14.0%) 00002
Anemia-WHO [12] n (%) 96 (19.6%) 75 (15.7%) 171 (17.7%) 0.1149"
Mean hemaglobin, g/dL 140 (1.3) 130 (1.0) - <0001"
Mean hematocrit, % 410 (38) 383 (30) - <0001"
Multimorbidity, n (%) 44 (9.0%) 38 (8.0%) 82 (8.5%) 05718'
Disability, n (%) 91 (18.6%) 147 (30.8%) 238 (24.6%) <0001
Frailty, n (%) 205 (41.8%) 196 (41.1%) 401 (41.5%) 08137'
Hypertension, n (%) 367 (74.9%) 359 (753%) 726 (75.1%) 08959'
Diabetes, n (%) 87 (17.8%) 80 (16.8%) 167 (17.3%) 06858"
Use of diuretics, n (%) 226 (46.1%) 204 (42.8%) 430 (44.5%) 02939’
Use of anticoagulants, n (%) 40 (8.29%) 38 (8.0%) 78 (8.1%) 09105
Use of antihypertensives, n (%) 336 (68.6%) 328 (68.8%) 664 (68.7%) 0.9488"
Use of 25 prescribed drugs, n (%) 156 (31.8%) 149 (31.2%) 305 (31.5%) 08409
Mean nutrition score 390 (5.1) 375 (54) 383 (53) <0001
Elevated alcohol intake, n (%) 148 (30.2%) 117 (24.5%) 265 (27.4%) 00479'
Mean PASE"! 1247 (604) 1139 (489) 1194 (55.2) 00025
Mean BMI kg/m’ 284 (39) 284 (46) 284 (42) 09249

“ttest.

Chi-square test.

“alcohol intake >24 g/day in men and >12 g/day in women.

MPhysical Activity Scale for the Elderly. Scores range from 0 to 361 [31].

When stratifying by sex, differences were still significant
among women, but in men only the difference regarding
the proportion of disabled persons was statistically sig-
nificant. In the total sample fallers had a significantly
lower BMI than non-fallers, but these differences were
not significant in both men and women. In women, the
percentage of multimorbidity was significantly higher
among fallers than among non-fallers.

Logistic regression analysis

In the logistic regression models no independent associ-
ation between hemoglobin levels or anemia and falls
could be found. Detailed results for the different logistic
regression models are provided in Table 4. In the total
sample there was a significant association between
hemoglobin levels and falls only in the unadjusted model
(OR per 1 SD decrease 1.36; 95% CI 1.14-1.64). After
adjustment for age and sex, the association already lost
significance. In age- and sex-stratified analyses also no
independent association between hemoglobin levels and
falls could be found.

When examining the association between anemia and
falls no significant relationship was found, either in the
unadjusted or in the confounder-adjusted models (Table 4).
This could be shown for the whole group as well for
women and men and both age-groups (young-old and
old-old) in the stratified analyses.

Combined analyses

The joint relationships between anemia and disability as
well as frailty for the total sample are also shown in
Table 4. Men and women without anemia and without
disability (frailty) were the reference group. Persons with
anemia and disability showed the strongest association
with falls in comparison to the reference group, even
after adjustment for age, sex and number of drugs (OR
2.10; 95% CI 1.12-3.93). The corresponding OR was 1.61
(95% CI 1.00-2.58) in disabled participants without
anemia; however, persons with anemia but without dis-
ability had no significantly increased OR for falls com-
pared to the reference group. The joint associations of
anemia and frailty showed also an increased odd of falls
in the unadjusted analysis across the 4 categories with
the highest odds in persons with anemia and frailty in
comparison to the reference group. After further adjust-
ment, these associations were attenuated and became
non-significant (see Table 4).

Discussion

In the present analysis including 967 community-
dwelling elderly men and women no significant associ-
ation between hemoglobin levels or anemia and falls
could be found. Thus, the suggestion that anemia is an
independent risk factor of falls in elderly people from
the general population could not be supported by these
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Table 3 Fall and non-fall-participant characteristics (percentages or means (+SD))

Variable Fall participants (n = 143) Non fall participants (n = 824) p-value (t-test/Chi-square test)
All Male Female All Male Female Al Male Female
(n=52) (n=91) (n=438) (n=386)
Mean Age, y 783 (73) 780 (7.5) 784 (72) 756 (6.3) 75.7 (6.2) 75.5 (6.3 <0001 00368 0.0004
Mean hemoglobin, g/dL 132012 137 (14) 129 (09 136 (13) 14.0 (1.3) 13.1(1.1) 0.0005 0.1592 0.0880
Anemia,% [12] 217 289 176 170 18.5 153 0.1750 00753 05881
Mean hematocrit, % 388 (34) 404 (39) 379 27) 398 (37) 41.1 (37) 384 (3.1) 0.0014 02190 0.1529
Multimorbidity, % 126 15 132 78 87 6.7 0.0561 04948 00409
Disability, % 413 346 451 217 16.7 27.5 <0001 00017 00011
Frailty, % 525 46.2 56.0 396 413 376 0.0039 05045 00013
Hypertension % 727 827 670 755 74.0 772 04815 0.1704 0.0431
History of diabetes % 16.1 193 143 175 17.6 17.4 0.6844 0.7684 04805
Use of diuretics % 49.7 539 473 436 452 41.7 0.1767 02373 03363
Use of anticoagulants % 119 115 121 74 78 70 0.0690 03471 0.1065
Use of anti-hypertensives % 720 769 69.2 68.1 67.6 68.7 03478 0.1700 09148
Use of >5 prescribed drugs % 378 365 385 305 313 295 0.0828 04414 00983
Nutrition score 366 (6.0) 383 (6.2) 357 (57) 386 (5.1) 39.1 49) 38.0 (5.3) <0001 02502 0.0006
Increased alcohol intake %" 224 250 209 283 308 254 0.1443 03873 03684
PASE' 1128 (535) 1145(574) 1118(515) 1205 (55.5) 1259 (60.7) 1144 (483) 0.1150 0.1846 06584
BMI kg/m’ 27.7 (39) 276 (41) 27.7 (39) 286 43) 286 (3.8) 28.6 4.7) 00129 0.1021 0.1027

“alcohol intake >24 g/day in men and >12 g/day in women.
TPhysical Activity Scale for the Elderly. Scores range from 0 to 361 [31].

results. However, we found an additive effect of anemia
and disability on the occurrence of falls.

On the contrary to our study prior studies were mostly
conducted in selected groups [15-17] in women only
[32] or they used self-reported data regarding anemia
status or information from chart reviews [33]. Further-
more, most of the former analyses were based on smaller
study samples [15,17,18].

The group of Duh et al. employed a retrospective
open-cohort design and analyzed data of 47,350 individ-
vals regarding anemia and risk of injurious falls in
community-dwelling elderly people. Results showed that
anemia increased the risk of injurious falls by 1.47 times
in multivariate analysis adjusting for age, gender, health
plan, history of falls, co-morbidities, and concomitant
medications [16]. A 50% higher risk of fall injuries in
community-dwelling adults aged 65 and older was also
reported by Herndon et al. [33]. However, contrary to
the present study, in that case—control study (467 cases,
691 controls), anemia based on self-report was used.
Both studies mentioned above concentrated on injurious
falls whereas our database includes also falls which did
not cause injuries.

Pandya et al. found even more than twice the risk of
falling for anemic participants when retrospectively ana-
lyzing the relationship between anemia and falls in 564
nursing home residents. However, in that study, only a

selection of relevant covariables was available and
collected by chart review [15]. Dharmarajan et al. inves-
tigated in a case—control study the relationship between
the presence of anemia and falls during hospitalization
in 362 ambulatory adults aged 59-104 years from long-
term care and community settings. They found a 22%
decreased risk of falls for every 1.0 g/dL increase in
Hb-concentration and a 1.9 times increased risk of falls
in anemic hospitalized patients [17].

In another study, Lawlor et al. analyzed data of 4,050
female participants of the population-based British
Women's Heart and Health Study aged 60 to 79 and
found that women reporting at least one fall per year
had lower mean Hb-concentrations than women who
did not report a fall; the inverse association remained
even after adjustment for social class, BMI, chronic dis-
eases, and each class of drug used (OR of any falls for a
1 SD increase of Hb was 0.90, 95% CI 0.81-0.99) [32]. In
contrast to these findings we could not find significantly
lower Hb-concentrations for women who reported a fall.
Additionally we found no significant relationship of Hb-
concentrations and falls in women. Contrary to the other
publications the observational study of Penninx et al.
including 394 community-dwelling older persons from
The Netherlands could not prove that anemia directly
affects risk of falls although longitudinal data were used
and disease and functioning status were adjusted for.
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Table 4 Results of logistic regression models

Unadjusted model Model 1 Model 2 Model 3
Hemoglobin-level (continuous, per SD decrease)
Total sample 1.36 (1.14-1.64) 1.13 (092-1.38) 1(0.90-1.37) 1.09 (0.89-1.34)
Age 65-74 1.25 (0.91-1.73) 1.12 (0.78-1.61) 09 (0.75-1.57) 10 (0.76-1.59)
Age »74 1.35 (1.09-1.69) 123 (0.97-1.57) 1(094-1.55) .15 (0.89-148)
Men 25 (0.94-1 1.15 (0.87-1.54) 1.14 (0.85-1.55) 1(0.83-149)
Age 65-74 0.98 (0.60-1 1.00 (0.60-1.66) 1.00 (0.60-1.66)
Age >74 33 (0.94-1 1.29 (0.89-1.85) 9(0.83-1.73)
Women 25 (0.95-1 1(0.83-1.47) 109 (081-1.45) 07 (0.80-143)
Age 65-74 28 (0.77-2.1 121 (0.72-2.03) 22 (0.72-2.06)
Age >74 5(0.83-1 1.14 (081-1.60) 09 (0.76-1.54)
Anemia definition according WHO [12]
Total sample 35 (0.87-2.09) 1.18 (0.75-1.86) 3(0.71-1.80) 06 (0.66-1.70)
Age 65-74 24 (0.50-31 1.23 (049-3.09) 7 (046-2.97) 21 (0.47-3.09)
Age »74 24 (0.74-2.05) 135 (081-2.26) 29 (0.76-2.19) 12 (0.65-192)
Men 79 (0.94-341) 1 (0.78-2.95) 49 (0.75-2.97) 1.35 (0.67-2.71)
Age 65-74 3 (0.24-5.30) 8(0.25-5.61) .18 (0.24-590)
Age >74 85 (0.88-3.91) 73 (0.79-3.78) 50 (0.68-3.32)
Women 8 (0.65-2.1 096 (0.52-1.80) 092 (049-1.74) 0.87 (0.46-1.66)
Age 65-74 29 (0.41-4.09) 20 (0.37-3.85) 22 (0.38-3.94)
Age >74 03 (0.50-2.1 00 (048-2.08) 0.86 (0.40-1.81)
Joint analyses (total sample)
Anemic & frail 1.82 (1.05-3.15) 1.32 (0.74-2.38) 1.27 (0.70-2.30)
Anemic & not frail 1.51 (0.73-3.14) 1.54 (0.73-3.25) 149 (0.70-3.16)
Not anemic & frail 1.76 (1.17-2.63) 140 (091-2.15) 138 (090-2.13)
Not anemic & not frail 1.00 100 1.00
Anemic & disabled 2,99 (1.69-5.29) 2.17 (1.18-3.99) 2.10(1.12-3.93)
Anemic & not disabled 0.94 (0.48-1.84) 087 (044-1.72) 0.85 (043-1.70)
Not anemic & disabled 2.32 (1.50-3.58) 1.64 (1.03-2.61) 1.61 (1.00-2.58)
Not anemic & not disabled 1.00 100 1.00

Model 1: adjusted for age (in years, only in the whole sample and in sex-stratified analyses) and sex (only in the whole sample and in the age-stratified analyses).

Model 2: in addition to model 1 adjusted for number of drugs.
Model 3: in addition to model 2 adjusted for disability.
Significant results are written in bold.

The authors hypothesized that anemia could still be only
a manifestation of disease severity which would be the
true link between anemia and falls [18].

So far, no data are available showing the joint associ-
ation of anemia and disability with the occurrence of
falls in the elderly general population. The results of our
study extend the understanding that different factors in
elderly people can have an additive effect on the occur-
rence of falls. Although no independent association be-
tween anemia and falls was found in the present sample,
it could be shown, that persons with disability and con-
comitant present anemia represent a high risk group for
falls. The findings from the present data therefore sug-
gest that in elderly, mainly multimorbid persons single

risk factors should not be considered isolated in relation
to certain outcomes, but rather in the context of other
relevant disorders and restrictions.

We recognize that our study has limitations. First, par-
ticipants were asked for falls which happened in the past
year on the day the blood sample was taken. Therefore,
the anemia status of a participant could have been differ-
ent at the time when the fall occurred. However, it could
be assumed that in the present sample almost all per-
sons with anemia suffered from chronic and not from
acute anemia and thus were well adapted to the low
hemoglobin levels. Hence, it is most likely that the status
of anemia was similar at both points of time. Second,
the interview-based assessment of falls could be imprecise,
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as the interrogated person could have forgotten these
events (consistency bias), or did not want to report them
in order to not appear frail. We did not find an investi-
gation on the reliability and validity of the NHANES
questionnaire [20] used to assess falls, but the short
and easy way to ask people about their history of falls
indicates reliable results. Third, the exclusion of partici-
pants who could not come to the study center because
of severe illnesses could have influenced the results as
they would most likely have lower hemoglobin levels.
This could possibly have led to an underestimation of
the true association between anemia and falls. On the
other hand it was necessary to exclude people who could
not walk anymore as they would not experience falls.
Fourth, the cross-sectional design of the study represents
a limitation, implicating that cause and effect relationships
cannot be discerned. Fifth we included the intermediary
variable disability as confounder in the logistic regression
model which could result in a decreased association
between anemia and falls. But as the results of the
logistic regression models were already not significant
before including these variable, this should not have
influenced our results.

Finally, another issue worth considering would be the
number of falls, as it was analyzed by Penninx et al,
who found a 1.91 times greater risk of recurrent falls in
elderly people with anemia (n=394) [18]. But in our
study group only 92 participants fell once, and 51 fell
more than once. When looking at the anemic partici-
pants only 22 people fell once and only 9 fell more than
once. We considered these groups as too small for
meaningful analyses. The strength of the study is the
inclusion of a relative large number of individuals
randomly drawn from the general population, and the
availability of data on lifestyle, medication, and multiple
metabolic risk factors.

Conclusion

In this analysis an independent relationship of anemia
and falls in older people from the general population
could not be demonstrated. The relationship shown in
other studies including hospitalized or nursing home
living participants or focusing on injurious falls could
not be confirmed by our study population. Because there
was an additive effect of anemia and disability on the
occurrence of falls, blood count should be measured in
disabled older men and women to identify persons, who
are at particular high risk for falls. Further studies, in
particular prospective studies need to be carried out to
clarify the role of anemia regarding the occurrence of
falls in elderly people from the general population.
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Abstract

Background: In this epidemiological study we described the characteristics of spatio-temporal gait parameters
among a representative, population-based sample of 890 community-dwelling people aged 65 to 90 years. In addition,
we investigated the associations between certain gait parameters and a history of falls in study participants.

Methods: In descriptive analyses spatio-temporal gait parameters were assessed according to history of falls, frailty,
multimorbidity, gender, multiple medication use, disability status, and age group. Logistic regression madels were
calculated to examine the association between gait velocity and stride length with a history of falls (at least one
fall in the last 12 month). Data on gait were collected an an electronic walkway on which participants walked at
their usual pace.

Results: We found significant differences within gait parameters when stratifying by frailty, multimorbidity,
disability and multiple medication use as well as age (cut point 75 years) and sex, with p < 0.05 for all gait
parameters (velocity, cadence, time, stride duration, stride length, step width). After stratification by history of falls,
only stride length showed a significant difference (p < 0.05) between the groups of fallers and non-fallers. Logistic
regression models showed that a decreased stride length was independently associated with falls in men aged
older than 74 years (OR 1.34 (Cl: 1.05-1.70 per 10 cm decrease)), while this was neither the case for women of
similar age nor for men or women aged 65 to 74 years. A decreased walking speed was not associated with falls.

Conclusion: Age, frailty, multimorbidity, disability, history of falls, sex, and multiple medication use show an
association with different gait parameters measured during gait assessment on an electronic walkway in elderly
people. Furthermore, stride length is a good indicator to differentiate fallers from non-fallers in older men from
the general population.
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Background

Humans need most of their early childhood to learn
how to walk. In adulthood, walking is done almost auto-
matically, but older adults again need to put more atten-
tion on the complex task of walking — if not, they are at
risk of falling which is likely followed by serious injuries
[1]. As a consequence, every third person aged 65 and
older falls at least once per year [1,2]. In community-
dwelling persons, a fall increases the risk of being sent
to a nursing home by threefold [3] and every second fall
leads to death within one year [4]. An impaired gait is
one of the most prevalent and sensitive risk factors for
falls. The majority of falls occur during some form of
locomotion [1,3,5], especially when the person walks in
an unknown environment or while performing another
task eg. speaking (dual-task walking). Therefore, gait
evaluation is recommended in current fall guidelines.
Several studies have shown that changes in certain
spatial and temporal gait parameters such as velocity or
step length increase fall risk [2,6-8]. Such changes in gait
parameters are often very small and could not be identi-
fied without a device; therefore in the last few years
instrumented gait analysis has become an important
method used for fall risk detection, among others, elec-
tronic walkway mats are used [1]. These devices also
overcome problems of other gait assessment instruments
which are often subjective and examiner-dependent [9].

The prevalence of an abnormal gait is 35% in
community-dwelling people aged 70 and older [10]
although it is difficult to determine precisely what an
abnormal gait is in an older adults [11]. Compared to
young people, older people walk more slowly with a
decreased stride length and with an increased stance
width [12,13] and changes in gait in elderly people are
often caused by underlying medical conditions [14,15].
Salzman gives a detailed overview of known medical
conditions and risk factors associated with gait and bal-
ance disorders [16] and suggests to assess a patients’
medical history including acute and chronic medical
problems, history of falls, walking problems and usual
physical activity when searching for fall risks.

Although there are a number of previous studies avail-
able that examine the association between gait parame-
ters and history of falls [2,6,7,17-21], sex-specific analysis
on this issue are scarce, so far only Paterson [18] focused
exclusively on women. Furthermore, the study popula-
tions of prior investigations have been small. Except for
Verghese [17] and Yamada [19], prior studies included
less than 100 participants. In addition, large population-
based studies examining the association between certain
age-related impairments such as frailty, disability, use of
multiple medications or multimorbidity and gait param-
eters are lacking. There are only a few publications de-
scribing gait parameters in the context of frailty [22,23]
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or use of multiple medications [24-26], but none that
describe spatio-temporal gait parameters for other char-
acteristics such as multimorbidity or disability.

In this study, we therefore aimed to comprehensively
describe spatio-temporal gait parameters in a large sample
of 890 community-dwelling adults aged 65 to 90 years
drawn from the general population stratified by age groups,
sex, history of falls, multimorbidity, frailty, multiple medi-
cations and disability status. Furthermore, we assessed the
sex-specific associations between several spatio-temporal
gait parameters measured with an electronic walkway and
history of falls. Gait parameters were measured during a
study participant’s self-selected, normal pace.

Methods

Study design and participants

Data were collected during the cross-sectional KORA
(Cooperative Health Research in the Region of Augsburg)-
Age study which was conducted in 2009 as a follow-up
study of the four MONICA/KORA Augsburg Surveys [27].
Qut of a population based random sample (n=5,991),
4,127 people aged 65 to 90 participated in a standardized
telephone interview. A randomly drawn sample of 1,079
participants additionally underwent extensive physical
examinations. Out of these participants, 118 did not
complete the quantitative gait assessment and another
31 participants had to be excluded because of missing
data for any of the considered variables. Additionally, 40
participants were excluded because they used a walking
aid [28]. Thus, the final data set for the present analysis
consisted of 890 participants (429 women and 461 men)
aged 65-90 years. The study was approved by the ethics
committee of the “Bayerische Landesirztekammer” and all
participants provided written informed consent.

Data collection

Information on socio-demographic characteristics and
lifestyle behavior was collected during a personal inter-
view. To assess the history of falls, questions from the
NHANES-questionnaire (National Health and Nutrition
Examination Survey [29]) were used. The answers to the
question “Did you fall in the previous year?” with possible
answers “yes, once”, “yes, more than once” and “no” were
dichotomized in “at least one fall” and “no falls”.

Body Mass Index (BMI) was calculated as weight in
kilograms divided by height in meters squared, where
weight and height were measured by trained medical staff.
Participants were classified as frail when they met at least
one of the criteria mentioned by Fried et al. [30-32].
Multimorbidity status was obtained via the criteria of
Kirchberger et al. [33] and persons were defined as mul-
timorbid when they suffered from two or more diseases.

Participants were divided into two groups according
to their disability score (Stanford Health Assessment
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Questionnaire [34]): persons were considered as dis-
abled with a score of 20.5 and not disabled with a score
of <0.5 as suggested in literature [35].

Drug intake during the week before the examination
was recorded with the IDOM-Software [36] and then
dichotomized in “5 or more different medications taken”
and “less than 5 medications taken” since use of 5 and
more medications has been shown to increase the risk
to fall significantly [37-39].

Gait parameters

Quantitative gait assessment was performed by using a
488 x 61 cm electronic walkway mat with embedded
pressure sensors (GAITRite; CIR Systems, Haverton, Pa.,
USA). Participants were asked to walk over the walkway
at their normal (usual) pace. Start and stop points were
marked on the floor [40] and participants were asked
to take some strides before striking the mat and to
continue their walk after the end of the mat to avoid
slowing down on the mat. Before the actual measu-
rement, everyone was allowed a trial. Based on the
recorded footfalls, the walkway calculates several differ-
ent gait variables which are described in detail by the
manufacturer [41].

We did not to use variables describing gait variability
such as step length variability, calculated as standard
deviation during one walk, because we did not have
enough steps measured at one speed to make significant
conclusions [42,43]. The GAITRite system calculates
each variable separately for left and right steps and also
once including left and right steps (limb-independent
variable).

Statistical analyses
Characteristics of the study population were calculated as
means and standard deviation for continuous variables
and absolute number and percentages for categorical vari-
ables for the whole study sample and also stratified by sex.
Additionally we calculated means and standard devi-
ation for the continuous gait variables velocity, cadence,
time, duration, stride length, and step width stratified by
history of falls, frailty, multimorbidity and disability sta-
tus, as well as multiple medications, sex and age groups.
All selected continuous gait variables were normally dis-
tributed. The Chi’-test was used to test the differences
in prevalence. The t-test was used to compare means.
As a result of the descriptive analysis (p-value < 0.05 for
difference between fallers and non-fallers), we decided
to analyze the association between stride length (10 cm-
decrease) and history of falls using logistic regression
models. We also analyzed the association between velocity
(10 cm/s-decrease) and history of falls because it is widely
used and topic of many publications.
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We considered a variable as confounder in the regres-
sion models if it was significantly related to falls as well
as to the gait parameter or if literature suggested includ-
ing the variable as confounder. BMI was used to assess
the influence of height and weight on the results.

All logistic regression models were stratified by sex
and age (2 groups: 65 to 74 and older than 74 years).
We calculated 3 models: the unadjusted model included
the respective gait parameter only, model 1 included in
addition BMI, disability, and frailty status as confounders
and model 2 which additionally to model 1 included
elevated drug intake and multimorbidity as confounders.
Results of the models were presented as Odds Ratios
(ORs) and corresponding 95% confidence intervals (Cls).
P-values <0.05 were considered as statistically signifi-
cant. All analyses were performed with SAS (version 9.2,
SAS Institute Inc, Cary, NC, USA).

Results

Study sample characteristics

A description of the study population can be found in
Table 1. The mean age of the study participants was
754 years (SD +6.3 years).Women fell more often than
men (16.6% vs. 10.4% falls in the last year, 2(1)=7.23,
p =0.0072) and reported almost twice as many recurrent
falls than men (c*(2) = 7.92, p = 0.0191). Another signifi-
cant sex difference could be found for disability status:
27.9% of women and 15.4% of men were classified as dis-
abled (c*(1)=11.6, p =0.0007). Regarding frailty, multi-
morbidity, BMI, and elevated drug intake, no significant
differences between men and women could be found.
Mean height and weight were significantly different be-
tween men and women (t(15.25) and t(29.89), p < .0001).

Gait parameter characteristics

In Table 2 spatio-temporal gait parameters stratified by
history of falls, frailty, multimorbidity, multiple medica-
tions and disability status as well as age groups and sex
are shown. Gait parameters for participants who re-
ported one or more falls in the last year (fallers) as well
as participants who did not report a fall in the last year
(non-fallers) differed significantly only for stride length
(t(-2.59), p = 0.0106) and normed stride length (t(-2.80),
p = 0.0052).

All examined spatio-temporal gait parameters differed
significantly between frail and non-frail people. Frail
people walked slower, with fewer steps per minute and
had shorter steps. Also the step width showed a signifi-
cant difference: frail people needed a wider walk to keep
their balance.

The same patterns were found for multimorbid com-
pared to not multimorbid participants, and disabled
compared to not disabled people. Participants using 5
and more different medications compared to persons
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Table 1 Study sample characteristics by gender (n (percentages) or means (+SD)

Variable Males (n=461) Females (n=429) All (n =890) t-value, czfvalue, and P Value
(t-test/ Chi-square test)

Mean age, y 755 (6.3) 753 (6.2) 754 (63) 1(0.59), p=0.5582

Falls, n (%) 48 (104%) 71 (16.6%) 119 (13.4%) c’(1)=723,p=00072
Recurrent falls, n (%) 14 (3.0%) 26 (6.1%) 40 (4.5%) c(2)=792, p=00191
Multimorbidity*, n (%) 283 (61.4%) 278 (64.8%) 561 (63.0%) A(1)=111,p=02918
Disability*, n (%) 70 (15.2%) 104 (24.2%) 174 (19.6%) (1)=116, p=00007
Frailty**, n (%) 176 (38.2%) 154 (35.9%) 330 (37.1%) c(1)=050,p=04816
Use of 2 5 prescribed drugs™, n (%) 146 (31.7%) 125 (29.1%) 271 (30.5%) (1)=0867,p=04120
Mean BM|, kg/m?* 283 (3.6) 282 (4.5) 282 (4.1) 1(0.12), p=0.9061

Mean weight, kg 827 (12.1) 705 (11.9) 76.8 (13.5) 1(1525), p < .0001

Mean height, cm 171 (68) 158 (6.2) 164.7 (9.2) 1(29.89), p < 0001

'Acmrding to criteria of Kirchberger et al. [33].
*According to Stanford Health Assessment Questionnaire [34], threshold 0.5 [35].

“Includes pre-frail and frail persons which fulfill at least one criteria of Fried et al. [30-32].

““recorded with IDOM-Software [36].

taking less than 5 medications and persons aged 75 years
and older compared to the age group 65 to 74 years also
showed a decreased stride length, velocity, and cadence
and an increased step width. Women showed signifi-
cantly lower values for the parameters velocity, stride
length, step with and higher values for cadence and
stride duration than men.

Logistic regression analysis

A positive association between velocity and history of
falls was found in the unadjusted models for the age-
group >74 years (OR per 10 cm/s decrease 1.14 (95%
CI 1.02-1.28) and for older men (OR 1.20 95% CI 1.01-
1.43). Further adjustment for relevant confounding
variables attenuated the associations, which became
non-significant (Table 3).

Regarding stride length, there was also no significant
association with history of falls in men or women aged
65-74 years. In the age-group 75 years and older, stride
length (per 10 em decrease) showed a significant rela-
tionship to falls in all models in men only (OR 1.34; 95%
CI 1.05-1.70; model 2) (Table 3).

As a sensitivity analysis, we adjusted for height and
weight instead of BMI in the logistic regression models.
However, the results remained quite the same.

Discussion

The present study includes a large population-representative
sample of men and women aged 65 to 90 years and pro-
vides a comprehensive overview regarding differences
in gait parameters among different subgroups. We
could show that increased age, frailty, multimorbidity,
disability, sex, and the use of multiple medications have
an influence on a person’s gait, probably/which more
likely leads to immobility and falls. We also found that a

decreased stride length is significantly associated with
falls in men aged older than 74 years and that a de-
creased walking speed was not related to the history of
falls in both elderly men and women from the general
population.

Description of gait parameters

The prevalence of gait disorders increases with age; e.g.
Verghese found a prevalence of 25% for persons 70 to
74 years old and nearly 60% for persons aged 80 to 84
[10]. This was confirmed by our results, because we
found that persons aged 75 years and older walked
significantly slower with shorter steps and with an
increased step width in comparison to the age-group 65
to 74 years. This result may represent an adaption to
changes in sensory or motor system to make walking
safer with increasing age [16]. In the present study we
also could identify sex-differences regarding gait param-
eters: elderly women showed significantly lower values
for the parameters velocity, stride length, step with and
higher values for cadence and stride duration than
elderly men. A finding which suggests that there may be
sex-specific changes in gait in older adults from the gen-
eral population. Literature suggests that using 3 or more
medications [24,25], or 5 and more medications [37],
leads to gait disorders and an increased fall risk. In our
study, the group of persons taking 5 or more medica-
tions walked slower, with shorter steps and an increased
step width (p < 0.05 for all parameters) in comparison to
persons taking less than 5 medications, confirming the
established observation.

In multimorbid and disabled persons we also saw a
slower walk, shorter steps and an increased step width.
These results demonstrate the large influence of multi-
morbidity and frailty on the gait of a person which could
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Table 2 Gait parameters stratified by history of fall, frailty, multimorbidity, multiple medications and disability status as well as age groups and gender o
Characteristics Velocity (cm/s) Cadence Time (s) Stride Stride Normed Step Normed 2
(steps/min) duration* (s) length (cm) stride length width (cm) step width %
[}
Fall participants (n=119) 1055 (24.7) 1063 (12.2) 4.12(1.29 1.14 (0.15) 118.9 (20.4) 1.34 (0.23) 879 (3.25) 010 (0.04) Q
]
Non-fall participants (n=771) 1089 (229) 1054 (13.1) 3.89 (1.14) 1.14 (0.16) 124.0 (18.1) 1.40 (0.19) 873 (3.22) 010 (0.04) %
t- and p-value t(-143), 1(0.77), 1(1.83), H(—0465), t(-2.59), t(-2.80), 1(0.18), 1(0.21), &
p=0.1550 p=0.4437 p =00686 p=05170 p =0.0106 p = 0.0052 p=0.8541 p=0.8310 =
Frail participants (n = 330) 95.5 (21.2) 101.9 (13.2) 4.53 (1.34) 1.19 (0.18) 112.5 (17.5) 1.28 (0.19) 9.58 (3.31) 0.09 (0.03) o
Non-frail participants (n = 560) 116.2 (20.7) 107.7 (12.4) 3.56 (0.87) 1.13 (0.15) 129.8 (15.9) 1.46 (0.16) 8.24 (3.06) 0.11 (0.04) E
t- and p-value t(14.16), 1(6.46), t(~13.09), (-6.13), t(14.74), t(-6.01), t(14.83), t(—6.46), "
p = <.0001 p = <.0001 p = <.0001 p = <.0001 p = <.0001 p = <.0001 p = <.0001 p = <.0001
Multimorbid participants (n =561) 104.4 (22.5) 104.6 (12.6) 4.09 (1.22) 1.16 (0.16) 119.7 (18.6) 1.46 (0.18) 9.06 (3.22) 0.09 (0.04)
Not multimorbid participants (n =329) 115.5 (22.6) 107.2 (13.4) 3.62 (0.99) 1.13 (0.17) 129.5 (16.6) 1.35 (0.19) 820 (3.15) 0.10 (0.04)
t- and p-value 4(7.12), t(2.84), t(-5.96), t(-2.30), t(7.86), t(-3.88), t(8.24), t(—4.15),
p = <.0001 p =0.0046 p = <.0001 p =0.0220 p =<.0001 p =0.0001 p = <.0001 p = <.0001
Disabled participants (n=174) 91.5(19.9) 101.3 (11.9) 4.76 (1.39) 1.20 (0.17) 108.6 (18.1) 1.43 (0.18) 9.68 (3.31) 0.10 (0.04)
Non-disabled participants (n=716) 112.6 (22.0) 106.6 (13.0) 3.71 (1.00) 1.14 (0.16) 126.9 (16.8) 1.33 (0.19) 851 (3.16) 0.11 (0.04)
t- and p-value (12.31), t(5.13), t(—11.45), t(-4.18), t(12.17), t(—4.22), t(12.19), t(—4.56),
p = <.0001 p = <.0001 p = <.0001 p = <.0001 p =<.0001 p = <.0001 p = <.0001 p = <.0001
Participants taking 5 and more 101.3 (23.2) 103.3 (13.9) 4.26 (1.34) 1.18 (0.18) 117.5 (18.7) 1.42 (0.19) 9.38 (3.48) 0.10 (0.03)
drugs (n=271)
Participants taking less than 5 111.6 (22.5) 106.5 (12.4) 3.77 (1.05) 1.14 (0.15) 125.9 (17.8) 1.32 (0.20) 8.46 (3.06) 0.11 (0.04)
drugs (n=619)
t- and p-value t(6.19), t(3.37), t(-5.93), t(-3.12), 1(6.22), t(-3.94), t(6.75), t(—3.99),
p = <.0001 p =0.0008 p = <.0001 p=0.0018 p =<.0001 p = <.0001 p = <.0001 p = <.0001
“Young old” (age < 75, n=410) 117.9 (21.5) 108.4 (11.8) 3.52 (0.91) 1.12(0.13) 130.5 (16.6) 1.47 (0.18) 8.26 (3.10) 0.09 (0.03)
‘Old Qld" (age > = 75, n=480) 100.5 (21.5) 103.0 (13.4) 4.36 (1.25) 1.18 (0.18) 117.2 (17.8) 1.32 (0.18) 9.15 (3.26) 0.10 (0.04)
t- and p-value t(12.03), t(6.31), (-9.99), t(-6.28), t(11.5), t(-4.17), (11.81), t(—4.54),
p = <.0001 p = <.0001 p = <.0001 p = <.0001 p =<.0001 p = <.0001 p = <.0001 p = <.0001
Men (n =461) 110.1 (23.0) 102.6 (11.7) 3.82 (1.13) 1.18 (1.17) 128.7 (19.1) 1.42 (0.20) 945 (3.43) 0.10 (0.04)
Women (n=429) 106.8 (23.2) 108.7 (13.5) 4.02 (1.20) 1.12 (1.10) 117.6 (15.9) 1.36 (0.18) 8.05 (2.94) 0.09 (0.03)
t- and p-value t(2.12), t(-7.14), t(-2.6), t(5.99), t(9.36), t(6.54), t(3.89), t(4.44),
p=00344 p=<.0001 p=0.0094 p=<.0001 p =<.0001 p=<.0001 p=0.0001 p=<.0001

*A stride begins with the foot contact and ends with the subsequent foot contact of one foot.
Significant differences are written bold.
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Table 3 Age- and gender-stratified results of logistic regression models for the association between velocity and stride

length and history of falls

Velocity (10 cm/s decrease) Unadjusted model Model 1 Model 2

Age 65 to 74 years 091 (0.78-1.05) 091 (0.77-1.08) 0.89 (0.75-1.06)
Men 097 (0.76-1.24) 1.06 (0.81-138) 1.06 (0.81-139)
Women 086 (0.72-1.04) 0.83 (0.67-1.03) 0.80 (0.64-1.00)
Age >74 years 1.14 (1.02-1.28) 1.10 (0.96-1.26) 1.09 (0.95-1.26)
Men 1.20 (1.01-1.43) 1.18 (0.97-143) 1.16 (0.96-142)
Women 107 (0.91-1.26) 1.00 (0.82-122) 1.00 (0.82-1.23)
Stride length (10 cm decrease) Unadjusted model Model 1 Model 2

Age 65 to 74 years 093 (0.77-1.12) 054 (0.77-1.16) 0.92 (0.75-1.14)
Men 087 (0.64-1.19) 094 (067-133) 0.93 (0.65-1.33)
Women 082 (0.61-1.10) 0.77 (055-1.07) 0.70 (0.50-1.00)

Age >74 years
Men

1.30 (1.12-1.50)
1.33 (1.09-1.63)

1.27 (1.07-1.51)
1.36 (1.07-1.72)

1.25 (1.04-1.49)
1.34 (1.05-1.70)

Women 1.18 (0.93-1.50)

1.10 (0.83-147) 1.08 (0.81-1.45)

Model 1: adjusted for BMI, disability, frailty.

Medel 2: in addition to model 1 adjusted for more than 5 drugs used and multimorbidity.

Significant results are written bold.

then lead to falls, an observation which is in agreement
with the work of Salzman [16], who summarized this in
his article about medical conditions and risk factors for
gait disorders.

In two prior publications, the association between gait
parameters and frailty was examined, using the same
criteria of Fried et al. [30] to classify frailty as in our
study. Just recently Guedes et al. reported that gait speed
could separate frail from pre- and non-frail persons [23]
and showed a decreased stride length (0.96 £0.16 vs.
1.35 +0.09 m) as well as a decreased cadence (105.36 +
13.39 vs. 11490 +6.40 steps/min) for frail persons.
Schoon et al. came to similar results in their publication
including 593 community-dwelling subjects 70 years and
older: gait speed was highly correlated with frailty and
had a high diagnostic value [22].

Association of gait parameters and falls

Gait speed is a widely used measure in geriatric assess-
ment [44] because it can be measured easily and quickly.
In a prior cross-sectional study it was shown that gait
speed influences gait variability in community-dwelling
older adults aged 65 and older (mean 79.4 + 3.37) [45]
and in a longitudinal study a decreased walking speed
predicted falls in patients with dementia living in nursing
homes [46]. One prior study including 597 community-
dwelling participants aged 70 and older (mean 80.5 + 5.4)),
showed that a decrease in gait speed increases the risk of
falls (OR 1.069). Contrary to our results regarding the
association of gait parameters and falls, in that study it
could be shown that the lower the speed the higher the
OR (1.54 for speed less than 70 cm/s, 1.28 for speed

between 70 and 100) [17]. An increased risk was also
found for swing phase, double support phase, swing time
variability and stride length variability with the strongest
result for stride length variability. However, contrary to
the present work, the analysis in that study was not strati-
fied by sex and/or age and a longitudinal fall assessment
was used, limiting the comparability of the results.

Another longitudinal analysis on gait parameters and
fall risk including only community dwelling women [18]
reported that inter limb differences in stride dynamics
showed an association with history of falls, but that no
gait variable predicted falls.

Already in 1997 investigations [6,47] found that stride-
to-stride variability increases fall risk, a finding con-
firmed in another study which also showed that stride-
to-stride fluctuations and stride and swing time variabil-
ity increase fall risk [2]. In our study it was not possible
to consider variables of gait variability in the analysis,
because there were not enough measured steps available
at one speed to draw significant conclusions [48].

Limitations

Our study certainly had limitations. First of all people
were asked to recall any fall in the previous year which
could bias the results, as people could have forgotten to
report a fall or simply didn’t want to report it to not ap-
pear frail. According to Ganz et al. [49] this question is
relatively specific (91-95%), but less sensitive (80-89%).
Furthermore, we recognize that capturing a greater
number of steps would have strengthened the present
results. The length of the walkway did not allow us to
collect enough steps per person in order to analyze gait
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variability measures which would possibly have given
additional information [6,17]. But with a mean of 6.8
(SD *1.5) steps on the walkway mat, we collected
enough steps to analyze velocity and stride length and
their association with falls [43,50]. Other publications
suggest that using a continuous walking protocol instead
of short walks would improve reliability [51]. Nonethe-
less, this was impractical in this geriatric assessment and
does not reflect daily life where multiple short distance
walks are common [43]. The cross-sectional design of
the study represents a further limitation for the analysis
of association with falls, implicating that cause and effect
relationships cannot be discerned. We cannot exclude
that unknown risk factors may have biased or con-
founded the present analysis.

Another limitation is that it was not possible to use
the dual-task data, which could have improved the re-
sults [21,48,52]. The walkway we used was too short and
the complexity of our secondary task not high enough
[53,54]. However, whether dual task tests for fall assess-
ment should be performed still remains controversial
[20,55-58]. The strength of the study is the inclusion of
a large number of individuals randomly drawn from the
general population and the availability of a number of
characteristics of the participants.

Conclusion

The present work summarizes cross-sectional spatio-
temporal gait data in a considerable sample of elderly
men and women randomly drawn from the general
population and therefore presents an important contri-
bution to the existing literature on walking parameters
in the elderly. Results indicate that age, sex, frailty, mul-
timorbidity, disability and multiple medications have an
influence on the gait of a person which may lead to im-
mobility and falls.

Our results also confirm that stride length measured
on an electronic walkway is strongly related to history of
falls in older men from the general population. The re-
sults of the present study extend the present knowledge
on gait parameters and falls to very old persons up to
90 years, and showed that there are sex-specific particu-
larities regarding this issue which should be considered
in fall prevention.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

KTK did the statistical analysis, generated all tables and drafted the manuscript.
All calculations were checked and recalculated by CM to guarantee correctness.
CM gave major suggestion on how to analyze and how to interpret the data
and on the manuscript draft. All authors contributed to the design of the study
and data collection. They also reviewed and edited the manuscript. All authors
approved the final version of the manuscript.

Page 7 of 8

Acknowledgements

The authors would like to thank all study participants, the KORA Augsburg
field staff and all members of the Institute of Epidemiology Il from the
Helmholtz Zentrum Miinchen who were involved in planning and/or
conducting the study

The KORA-Age study was part of the program “Health in Old Age”, which was fi-
nanced by the German Federal Ministry of Education and Research (BMBF FKZ
01ET0713). The KORA-Age project was conducted on the KORA platform (KORA,
Cooperative Health Research in the Region of Augsburg), which was initiated
and financed by the Helmholtz Zentrum Minchen, German Research Center for
Environmental Health, Neuherberg, and funded by the German Federal Ministry
of Education, Science, Research and Technology as well as the State of Bavaria.
The study ‘Functioning and Disability in Old Age" was funded by the German
Research Foundation (Deutsche Forschungsgemeinschaft) (GR 3608/1-1). The
funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

This research was supported by the Graduate School of Information Science
in Health (GSISH) and the TUM Graduate School.

Author details

"Institute of Epidemiology I, Helmholtz Zentrum Minchen, German Research
Center for Environmental Health, Ingolstadter Landstral3e 1, Neuherberg
85764, Germany. ?Institute for Medical Statistics and Epidemiology (IMSE),
Technical University Munich (TUM), Ismaninger Str. 22, Munich 81675,
Germany. *Institute of Medical Information Processing, Biometry and
Epidemiology, and German Center for Vertigo and Balance Disorders,
Ludwig-Maximilians Universitat (LMU), Marchioninistr. 15, Munich 81377,
Germany. “Department of Computer Science, MI&T Group, University of
Tromse, Tromse 9037, Norway. “Department of Clinical Medicine,
Telemedicine and eHealth Group, University of Tromse, Tromse 9037,
Norway. “Central Hospital of Augsburg, MONICA/KORA Myocardial Infarction
Registry, Klinikum Augsburg, Stenglinstr. 2, Augsburg 86156, Germany.

Received: 27 October 2014 Accepted: 18 March 2015
Published online: 25 March 2015

References

1. Bridenbaugh SA, Kressig RW. Laboratory review: the role of gait analysis in
seniors’ mobility and fall prevention. Gerontology. 2011;57(3):256-64

2. 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(8):1050-6.

3. Tinetti ME, Kumar C. The patient who falls: “it"s always a trade-off”. JAMA.
2010;303(3):258-66.

4. Rubenstein LZ. Falls in older people: epidemiology, risk factors and
strategies for prevention. Age Ageing. 2006;35(2):i37-41.

5. Panel on Prevention of Falls in Older Persons AGS, British Geriatrics S.
Summary of the Updated American Geriatrics Society/British Geriatrics
Society clinical practice guideline for prevention of falls in older persons.

J Am Geriatr Soc. 2011;59(1)148-57.

6. Maki BE Gait changes in older adults: predictors of falls or indicators of fear.
J Am Geriatr Soc. 1997;45(3)313-20.

7. Abellan van Kan G, Rolland Y, Andrieu S, Bauer J, Beauchet O, Bonnefoy M,
et al. Gait speed at usual pace as a predictor of adverse outcomes in
community-dwelling clder people an International Academy on Nutrition
and Aging (IANA) Task Force. J Nutr Health Aging. 2009;13(10):881-9.

8. Callisaya ML, Blizzard L, McGinley JL, Srikanth VK. Risk of falls in older people
during fast-walking—the TASCOG study. Gait Posture. 2012;36(3):510-5.

9. Tinetti ME, Speechley M, Ginter SF. Risk factors for falls among elderly
persons living in the community. N Engl J Med. 1988;319(26):1701-7.

10. Verghese J, LeValley A, Hall CB, Katz MJ, Ambrose AF, Lipton RB. Epidemiology
of gait disorders in community-residing older adults. J Am Geriatr Soc.
2006;54(2):255-61.

11. Alexander NB. Gait disorders in older adults. J Am Geriatr Soc
199644(4):434-51.

12, Winter DA, Patla AE, Frank JS, Walt SE. Biomechanical walking pattern
changes in the fit and healthy elderly. Phys Ther. 1990;70(6):340-7.

13. Elble RJ, Thomas SS, Higgins C, Colliver J. Stride-dependent changes in gait
of older people. J Neurol. 1991;238(1):1-5.

14. Sudarsky L. Gait disorders: prevalence, morbidity, and etiology. Adv Neurol.
2001,87:111-7



Publikation 2: Description of spatio-temporal gait parameters in elderly people
and their association with history of falls: results of the population-based
cross-sectional KORA-Age study

32

Thaler-Kall et al. BMC Geriatrics (2015) 15:32

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33

34.

35.

36.

37.

38.

Alexander NB. Differential diagnosis of gait disorders in older adults. Clin
Geriatr Med. 1996;12(4):689-703.

Salzman B. Gait and balance disorders in older adults. Am Farm Physician.
2010:82(1)61-8

Verghese J, Holtzer R, Lipton BB, Wang C. Quantitative gait markers and
incident fall risk in older adults. J Gerontol A Biol Sci Med Sci.
200964(8):896-901.

Paterson K, Hill K, Lythgo N. Stride dynamics, gait variability and prospective
falls risk in active community dwelling older women. Gait Posture.
2011;33(2):251-5.

Yamada M, Aoyama T, Arai H, Nagai K, Tanaka B, Uemura K, et al. Dual-task
walk is a reliable predictor of falls in robust elderly adults. ] Am Geriatr Soc.
2011;59(1):163-4.

Beauchet O, Annweiler C, Allali G, Berrut G, Dubost V. Dual task-related
changes in gait performance in older adults: a new way of predicting
recurrent falls? J Am Geriatr Soc. 2008,56(1):181-2.

Beauchet O, Annweiler C, Dubost V, Allali G, Kressig RW, Bridenbaugh S,

et al. Stops walking when talking: a predictor of falls in older adults?

Eur J Neurol. 2009;16(7):786-95.

Schoon Y, Bongers K, Van Kempen J, Melis R, Olde Rikkert M. Gait speed as
a test for monitoring frailty in community-dwelling older people has the
highest diagnostic value compared to step length and chair rise time.
Eur J Phys Rehabil Med. 2014;50(6):693-701.

Guedes RC, Dias RC, Pereira LS, Silva SL, Lustosa LP, Dias JM. Influence of
dual task and frailty on gait parameters of older community-dwelling
individuals. Braz J Phys Ther. 2014,0:0.

Leipzig RM, Cumming RG, Tinetti ME. Drugs and falls in older people: a
systematic review and meta-analysis: Il. Cardiac and analgesic drugs.

J Am Geriatr Soc. 199947(1):40-50.

Leipzig RM, Cumming RG, Tinetti ME. Drugs and falls in older people: a

systematic review and meta-analysis: |. Psychotropic drugs. J Am Geriatr Soc.

1999:47(1):30-9.

Kelly KD, Pickett W, Yiannakoulias N, Rowe BH, Schopflocher DP, Svenson L,
et al. Medication use and falls in community-dwelling older persons. Age
Ageing. 2003;32(5):503-9.

Peters A, Doring A, Ladwig KH, Meisinger C, Linkohr B, Autenrieth C, et al.

Multimorbidity and successful aging: the population-based KORA-Age study.

Z Gerontol Geriatr. 2011;44 Suppl 2:41-54.

Schwenk M, Schmidt M, Pfisterer M, Oster P, Hauer K. Rollator use adversely
impacts on assessment of gait and mobility during geriatric rehabilitation.
J Rehabil Med. 2011;43(5):424-9.

Statistics USNCFH. National Health and Nutrition Examination Survey
Questionnaire. Hyattsville: National Center for Health Statistics; 2003-2004
Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med
Sci. 2001;56(3):M146-156.

Pabst G ZAK, Huth C, Koenig W, Ludwig T, Zierer A, Peters A, et al.
Association of low 25-hydroxyvitamin D levels with the frailty syndrome in
an aged population: results from the KORA-AGE Augsburg study. J Nutr
Health Aging. 2014:n Press.

Johar H, Emeny RT, Bidlingmaier M, Reincke M, Thorand B, Peters A, et al.
Blunted diurnal cortisol pattern is associated with frailty: a cross-sectional
study of 745 participants aged 65 to 90 years. J Clin Endocrinol Metab.
201499(3):E464-468.

Kirchberger |, Meisinger C, Heier M, Zimmermann AK, Thorand B, Autenrieth
S, et al. Patterns of multimorbidity in the aged population. Results from
the KORA-Age study. PLoS One. 2012;7(1):e30556.

Bruce B, Fries JF. The Health Assessment Questionnaire (HAQ). Clin Exp
Rheumatol. 2005;23(5 Suppl 39):514-18

Tas U, Verhagen AP, Bierma-Zeinstra SM, Hofman A, Odding E, Pols HA,

et al. Incidence and risk factors of disability in the elderly: the Rotterdam
Study. Prev Med. 2007,44(3):272-8.

Muhlberger N, Behernd C, Stark T, Holle R. Datenbankgestitzte
Online-Erfassung von Arzneimitteln im Rahmen gesundheitswissenschaftlicher
Studien - Erfahrungen mit der IDOM-Software. Inform Biom Epidemiol Med
Biol. 2003;34:601-11.

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(2):218-23.

Ganz DA, Bao Y, Shekelle PG, Rubenstein LZ. Will my patient fall? JAMA.
2007;297(1):77-86.

39.

40.

41.

42

43.

45.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Page 8 of 8

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(10):1172-81.
Autenrieth CS, Karrasch S, Heier M, Gorzelniak L, Ladwig KH, Peters A, et al.
Decline in gait performance detected by an electronic walkway system in
907 older adults of the population-based KORA-Age study. Gerontology.
2013;5%2):165-73.

Inc. CS. The GAITRite electronic walkway measurements and definitions.
Haverton: CIR Systerns; 2006.

Owings TM, Grabiner MD. Measuring step kinematic variability on an
instrumented treadmill: how many steps are enough? J Biorech.
2003;36(8):1215-8.

Hollman JH, Childs KB, McNeil ML, Mueller AC, Quilter CM, Youdas JW.
Number of strides required for reliable measurements of pace, rhythm and
variability parameters of gait during normal and dual task walking in older
individuals. Gait Posture. 2010;32(1):23-8.

Peel NM, Kuys SS, Klein K. Gait speed as a measure in geriatric assessment
in clinical settings: a systematic review. J Gerontol A Biol Sci Med Sci.
2013,68(1):39-46.

Brach JS, Berthold R, Craik R, VanSwearingen JM, Newrnan AB. Gait variability in
community-dwelling older adults. J Am Geriatr Soc. 2001;49(12):1646-50.
Sterke CS, van Beeck EF, Looman CW, Kressig RW, van der Cammen TJ.

An electronic walkway can predict short-term fall risk in nursing home
residents with dementia. Gait Posture. 2012;36(1):95-101.

Hausdorff JM, Edelberg HK, Mitchell SL, Goldberger AL, Wei JY. Increased
gait unsteadiness in community-dwelling elderly fallers. Arch Phys Med
Rehabil. 1997;78(3).278-83.

Verghese J, Buschke H, Viola L, Katz M, Hall C, Kuslansky G, et al. Validity of
divided attention tasks in predicting falls in older individuals: a preliminary
study. J Am Geriatr Soc. 2002;50(9):1572-6.

Ganz DA, Higashi T, Rubenstein LZ. Monitoring falls in cohort studies of
community-dwelling older people: effect of the recall interval. J Am Geriatr
Soc. 2005;53(12):2190-4.

Besser MP, Kmieczak K, Schwartz L, Snyderman M, Wasko J, Seloy-Silverstein
L. Representation of temporal spatial gait parameters using means in adults
without impairment. Gait Posture. 1999,9:113.

Galna B, Lord S, Rochester L. Is gait variability reliable in older adults and
Parkinson's disease? Towards an optimal testing protocol. Gait Posture.
2013;37(4):580-5.

Beauchet O, Dubost V, Herrmann F, Rabilloud M, Gonthier R, Kressig RW.
Relationship between dual-task related gait changes and intrinsic risk factors
for falls among transitional frail older adults. Aging Clin Exp Res.
2005;17(4)270-5.

Muhaidat J, Kerr A, Evans JJ, Pilling M, Skelton DA. Validity of simple gait-related
duahask tests in predicting falls in community-dwelling older adults. Arch Phys
Med Rehabil. 2014;95(1)58-64.

Patel P, Larar M, Bhatt T. Effect of type of cognitive task and walking speed
on cognitive-motor interference during dual-task walking. Neuroscience.
2014;260:140-8.

Beauchet O, Allali G, Poujol L, Barthelemy JC, Roche F, Annweiler C.
Decrease in gait variability while counting backward: a marker of “magnet
effect’? J Neural Transm. 2010;117(10):1171-6.

Montero-Odasso M, Verghese J, Beauchet O, Hausdorff JM. Gait and
cognition: a cornplementary approach to understanding brain function and
the risk of falling. J Am Geriatr Soc. 2012;60(11):2127-36.

Kressig RW, Herrmann FR, Grandjean R, Michel JP, Beauchet O. Gait
variability while dual-tasking: fall predictor in older inpatients? Aging Clin
Exp Res. 2008;20(2):123-30.

Smulders K, Esselink RA, Weiss A, Kessels RP, Geurts AC, Bloem BR.
Assessment of dual tasking has no clinical value for fall prediction in
Parkinson’s disease. J Neurol. 2012,259(9):1840-7.



Literaturverzeichnis 33

2

10.

11.

12.

13.

14.

15.

16.

17.

Literaturverzeichnis

Rubenstein LZ, Josephson KR: The epidemiology of falls and syncope.
Clinics in geriatric medicine 2002, 18(2):141-158.

Kinsella KP, D.;: Global Aging: The Challenge of Success. In. Edited by
Bureau PR. Washington DC; 2005.

Division P: The World at Six Billion. In. Edited by Affairs DoEaS: United
Nations Secretariat; 1999.

Bundesamt S: Gesundheitsberichterstattung des Bundes. In. Edited by
Bundesamt S; 2008.

Loza E, Jover JA, Rodriguez L, Carmona L, Group ES: Multimorbidity:
prevalence, effect on quality of life and daily functioning, and variation
of this effect when one condition is a rheumatic disease. Seminars in
arthritis and rheumatism 2009, 38(4):312-319.

Fortin M, Dubois MF, Hudon C, Soubhi H, Almirall J: Multimorbidity and
guality of life: a closer look. Health and quality of life outcomes 2007, 5:52.
Schoenberg NE, Kim H, Edwards W, Fleming ST: Burden of common
multiple-morbidity constellations on out-of-pocket medical expenditures
among older adults. The Gerontologist 2007, 47(4):423-437.

Kirchberger I, Meisinger C, Heier M, Zimmermann AK, Thorand B, Autenrieth
CS, Peters A, Ladwig KH, Doring A: Patterns of multimorbidity in the aged
population. Results from the KORA-Age study. PloS one 2012,
7(1):e30556.

Demografischer Wander in Deutschland. In. Edited by Lander SAdBud,
vol. Heft 2; 2008.

Peters A, Doring A, Ladwig KH, Meisinger C, Linkohr B, Autenrieth C,
Baumeister SE, Behr J, Bergner A, Bickel H et al: Multimorbidity and
successful aging: the population-based KORA-Age study. Zeitschrift fur
Gerontologie und Geriatrie 2011, 44 Suppl 2:41-54.

Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J,
Seeman T, Tracy R, Kop WJ, Burke G et al: Frailty in older adults:
evidence for a phenotype. The journals of gerontology Series A, Biological
sciences and medical sciences 2001, 56(3):M146-156.

Collard RM, Boter H, Schoevers RA, Oude Voshaar RC: Prevalence of
frailty in community-dwelling older persons: a systematic review.
Journal of the American Geriatrics Society 2012, 60(8):1487-1492.

Gill TM, Gahbauer EA, Han L, Allore HG: Trajectories of disability in the
last year of life. The New England journal of medicine 2010, 362(13):1173-
1180.

Strobl R, Muller M, Emeny R, Peters A, Grill E: Distribution and
determinants of functioning and disability in aged adults--results from
the German KORA-Age study. BMC public health 2013, 13:137.

Bruce B, Fries JF: The Health Assessment Questionnaire (HAQ). Clinical
and experimental rheumatology 2005, 23(5 Suppl 39):S14-18.

The prevention of falls in later life. A report of the Kellogg International
Work Group on the Prevention of Falls by the Elderly. Danish medical
bulletin 1987, 34 Suppl 4:1-24.

Zecevic AA, Salmoni AW, Speechley M, Vandervoort AA: Defining a fall and
reasons for falling: comparisons among the views of seniors, health
care providers, and the research literature. The Gerontologist 2006,
46(3):367-376.



Literaturverzeichnis 34

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Lamb SE, Jorstad-Stein EC, Hauer K, Becker C, Prevention of Falls Network
E, Outcomes Consensus G: Development of a common outcome data set
for fall injury prevention trials: the Prevention of Falls Network Europe
consensus. Journal of the American Geriatrics Society 2005, 53(9):1618-
1622.

Nevitt MC, Cummings SR, Kidd S, Black D: Risk factors for recurrent
nonsyncopal falls. A prospective study. JAMA : the journal of the
American Medical Association 1989, 261(18):2663-2668.

Tinetti ME, Speechley M, Ginter SF: Risk factors for falls among elderly
persons living in the community. The New England journal of medicine
1988, 319(26):1701-1707.

Tinetti ME, Williams CS: Falls, injuries due to falls, and the risk of
admission to a nursing home. The New England journal of medicine 1997,
337(18):1279-1284.

Nevitt MC, Cummings SR, Hudes ES: Risk factors for injurious falls: a
prospective study. Journal of gerontology 1991, 46(5):M164-170.

Tromp AM, Smit JH, Deeg DJ, Bouter LM, Lips P: Predictors for falls and
fractures in the Longitudinal Aging Study Amsterdam. Journal of bone
and mineral research : the official journal of the American Society for Bone
and Mineral Research 1998, 13(12):1932-1939.

Narayanan MR, Lord SR, Budge MM, Celler BG, Lovell NH: Falls
management: detection and prevention, using a waist-mounted triaxial
accelerometer. Conference proceedings : Annual International Conference
of the IEEE Engineering in Medicine and Biology Society IEEE Engineering in
Medicine and Biology Society Conference 2007, 2007:4037-4040.

Lord SR, Sherrington C, Menz HB: Falls in older people. Risk factors and
strategies for prevention. . In: Cambridge University Press. Cambridge;
2001.

Heinrich S, Rapp K, Rissmann U, Becker C, Konig HH: Cost of falls in old
age: a systematic review. Osteoporosis international : a journal established
as result of cooperation between the European Foundation for Osteoporosis
and the National Osteoporosis Foundation of the USA 2010, 21(6):891-902.
Deandrea S, Lucenteforte E, Bravi F, Foschi R, La Vecchia C, Negri E: Risk
factors for falls in community-dwelling older people: a systematic
review and meta-analysis. Epidemiology 2010, 21(5):658-668.

Penninx BW, Guralnik JM, Onder G, Ferrucci L, Wallace RB, Pahor M:
Anemia and decline in physical performance among older persons. The
American journal of medicine 2003, 115(2):104-110.

Chaves PH, Carlson MC, Ferrucci L, Guralnik JM, Semba R, Fried LP:
Association between mild anemia and executive function impairment in
community-dwelling older women: The Women's Health and Aging
Study Il. Journal of the American Geriatrics Society 2006, 54(9):1429-1435.
Cesari M, Penninx BW, Lauretani F, Russo CR, Carter C, Bandinelli S,
Atkinson H, Onder G, Pahor M, Ferrucci L: Hemoglobin levels and skeletal
muscle: results from the INCHIANTI study. The journals of gerontology
Series A, Biological sciences and medical sciences 2004, 59(3):249-254.
Chaves PH, Ashar B, Guralnik JM, Fried LP: Looking at the relationship
between hemoglobin concentration and prevalent mobility difficulty in
older women. Should the criteria currently used to define anemia in
older people be reevaluated? Journal of the American Geriatrics Society
2002, 50(7):1257-1264.

Dharmarajan TS, Avula S, Norkus EP: Anemia increases risk for falls in
hospitalized older adults: an evaluation of falls in 362 hospitalized,
ambulatory, long-term care, and community patients. Journal of the
American Medical Directors Association 2007, 8(3 Suppl 2):e9-e15.



Literaturverzeichnis 35

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

Duh MS, Mody SH, Lefebvre P, Woodman RC, Buteau S, Piech CT:
Anaemia and the risk of injurious falls in a community-dwelling elderly
population. Drugs & aging 2008, 25(4):325-334.

Penninx BW, Pluijm SM, Lips P, Woodman R, Miedema K, Guralnik JM, Deeg
DJ: Late-life anemia is associated with increased risk of recurrent falls.
Journal of the American Geriatrics Society 2005, 53(12):2106-2111.

Pandya N, Bookhart B, Mody SH, Funk Orsini PA, Reardon G: Study of
anemia in long-term care (SALT): prevalence of anemia and its
relationship with the risk of falls in nursing home residents. Current
medical research and opinion 2008, 24(8):2139-2149.

Bowling CB, Muntner P, Bradbury BD, Kilpatrick RD, Isitt JJ, Warriner AH,
Curtis JR, Judd S, Brown CJ, Allman RM et al: Low hemoglobin levels and
recurrent falls in U.S. men and women: prospective findings from the
REasons for Geographic And Racial Differences in Stroke (REGARDS)
cohort. The American journal of the medical sciences 2013, 345(6):446-454.
Al Tehewy MM, Amin GE, Nassar NW: A Study of Rate and Predictors of
Fall Among Elderly Patients in a University Hospital. Journal of patient
safety 2014.

Lewin R: Human evolution: An illustrated Introduction, 3 edn. Cambridge:
Blackwell Scientific; 1993.

Winter DA, Patla AE, Frank JS, Walt SE: Biomechanical walking pattern
changes in the fit and healthy elderly. Physical therapy 1990, 70(6):340-
347.

Menz HB, Lord SR, Fitzpatrick RC: Age-related differences in walking
stability. Age and ageing 2003, 32(2):137-142.

Scott V, Votova K, Scanlan A, Close J: Multifactorial and functional
mobility assessment tools for fall risk among older adults in community,
home-support, long-term and acute care settings. Age and ageing 2007,
36(2):130-139.

Hausdorff JM, Edelberg HK, Mitchell SL, Goldberger AL, Wei JY: Increased
gait unsteadiness in community-dwelling elderly fallers. Archives of
physical medicine and rehabilitation 1997, 78(3):278-283.

Hausdorff JM, Rios DA, Edelberg HK: Gait variability and fall risk in
community-living older adults: a 1-year prospective study. Archives of
physical medicine and rehabilitation 2001, 82(8):1050-1056.

Maki BE: Gait changes in older adults: predictors of falls or indicators of
fear. Journal of the American Geriatrics Society 1997, 45(3):313-320.
Bridenbaugh SA, Kressig RW: Laboratory review: the role of gait analysis
in seniors' mobility and fall prevention. Gerontology 2011, 57(3):256-264.
H. BKBMSSLDR: Sturzprophylaxe bei alteren Menschen in ihrer
personlichen Wohnumgebung. In: Health Technology Assessment (HTA).
Edited by Information DAfHTAdDIfMDu; 2012.

Freiberger E, Menz HB, Abu-Omar K, Rutten A: Preventing falls in
physically active community-dwelling older people: a comparison of two
intervention techniques. Gerontology 2007, 53(5):298-305.

Coll-Planas L, Kron M, Sander S, Rissmann U, Becker C, Nikolaus T:
Accidental falls among community-dwelling older adults: improving the
identification process of persons at risk by nursing staff. Zeitschrift fur
Gerontologie und Geriatrie 2006, 39(4):277-282.

T. D: Pflegeabhéngigkeit, Sturzereignisse, Inkontinenz, Dekubitus:
Erhebung 2008. In. Berlin; 2008.



Danksagung 36

8 Danksagung

Diese Arbeit entstand zwischen Januar 2011 und September 2014 am Institut
fur medizinische Statistik und Epidemiologie der Technischen Universitat
Minchen in enger Zusammenarbeit mit dem Institut fir Epidemiologie 1l des
Helmholtz Zentrum Miinchen.

Mein Dank gilt an erster Stelle meiner Betreuerin Frau Dr. Christine
Meisinger, die mich wéhrend der gesamten Dissertation begleitet hat und mir
viel wertvollen Input fir meine Forschung gegeben hat. Sie war mir als
Wissenschaftlerin immer ein hervorragendes Beispiel.

Bedanken mochte ich mich auch beim Leiter unserer Arbeitsgruppe fur
Biosensoren, Prof. Dr. Alexander Horsch, der es mir Uberhaupt erst
ermdglicht hat diese Dissertation zu schreiben, indem er mir die noétigen
Kontakte zum Helmholtz Zentrum sowie zur GSISH verschafft hat. Au3erdem
hat er mir stets hilfreiches Feedback gegeben und mir die Moglichkeit
verschafft die Arbeit an der Uni kennenzulernen.

AuRerdem bedanke ich mich bei all meinen Koautoren, die wertvolle Beitrage
zu meiner Arbeit lieferten: Frau Dr. Eva Grill, Frau Dr. Annette Peters, Frau
Dr. Barbara Thorand, Herr Dr. Wolfgang Konig, Frau Dr. Christine Autenrieth
und besonders Frau Angela Do6ring, die mir den Anfang sehr viel leichter
gemacht hat.

Mein Dank gilt auch der Graduate School of Information Science in Health
(GSISH) ohne deren finanzielle Forderung ich diese Arbeit nicht hatte
schreiben konnen. Einen speziellen Dank mdchte ich hier Frau Katharina
Lang aussprechen, die mich stets unterstitzt hat und mir jede
organisatorische Frage beantwortet hat.

AuBBerdem mdchte ich noch die Gelegenheit nutzen, allen Mitarbeiterinnen
und Mitarbeitern des KORA Studienzentrums zu danken, die die in diesen
Studien verwendeten Daten erhoben haben.

Weiters moéchte ich mich noch bei meinen Kollegen der Biosensor
Arbeitsgruppe Sandra Ortlieb, Lukas Gorzelniak, André Dias und Chen Chen
fur die Hilfsbereitschaft und nette Zusammenarbeit bedanken.

Zuletzt gilt mein Dank noch meiner Familie, die mir die notigen Freirdume
verschafft haben diese Arbeit fertigzustellen.

Danke!

Miinchen, Februar 2016



