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Risk assessment for falls in the
elderly population

Kenji Toba

Department of Geriatric Medicing, Kyorin University, Tokyo, Japan

Objective: To evaluate whether a simple questionnaire compased of 22 items, including
several environmental factors, could establish predictive validity for identifying fallers.

Patients and methods: The study included 2439 community-dwelling elderly pecple
(76.3 £ 7.4 years old). Scores on the guestionnaire contairiing only dichotomous ques-
tions (yes or no) were compared between fallers and non-fallers. A multivariate analysis
was performed to identify independent risk factors for falls in a longitudinal study
(n = 342).

Results: A logistic regression analysis revealed that advanced age, a history of falls,
cognitive dysfunction, a round back and knee joint pain were independent risks for falls.
On the other hand, no environmental factors were found as independent risks for falls.

Conclusion: A simple fall predicting score is useful for identifying high-risk individuals

in clinical settings.

Keywords: elderly, falls, risk assessment.

Introduction

Falls are the third leading cause of a bed-ridden state in
the elderlyin Japan.! Previous studies evaluating the risk
factors for falls have used a history of falls, results of
physical performance tests, activity of daily living (ADL)
and balance and gait as predictors.** On the contrary,
environmental factors have not been evaluated due to
difficulty in estimating geographic, climatic and cultural
variations. In the present study, we present an easy
screening method for finding high-risk individuals for
falls, based on the results obtained from our large-scale
epidemiological research on falls.

Patients and methods

The research involved 2439 older adults (932 men and
1507 women), with a mean age of 76.3 years
(76.3 = 7.4), living in seven different communities in
Japan. The communities were located in Holkkaido, the
northern area of Japan — which is cool in summer and
heavily snowy in winter - and in Kochi, the southern
area — which is subtropical. Other places were Tokyo
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and Miyagi, and Nagano and Gunma, characterized as
flat and the mountainous regions, respectively.

A new fall assessment guestionnaire (Table 1) devel-
oped by our group - unlike the previous ones, which
required a large number of staff and expensive machin-
ery — was designed to be easy for respondents to com-
plete and to involve a smaller number of staff and no
equipment

The more “yes” answers a subject had to these ques-
tions, the higher incidence of falls in this person was
observed (Fig. 1).

Results

Among those who participated in this survey, 29%
experienced a fall and 1.5% suffered a fall-related frac-
ture over the previous year. This finding is consistent
with the results of studies carried out in other countries.

The incidence rates of falls, slightly higher in the
cold latitudes, varied from 20-40% in the sites exam-
ined for this study and therefore no correlation was
observed between the falls rate and topographic and
climatic variations. Furthermore, a decline in fall rates,
being found in all locations except snowy Hokkaido
in our prospective study, implies that the survey per
se is an effective intervention program to reduce
falls.
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Risk assessment for falls in the elderly population

Table 1 Questionnaire

For identifying risk factors for falls
Q1. Have you fallen during the last Yes/No
12 months?
If “yes”, how many times?
Q2. Have you tripped during the last ~ Yes/No
12 months?
Q3. Do you need handrails when Yes/No
climbing stairs?
Q4. Do you feel your walking speed Yes/MNo
has declined recently?
Q5. Isit hard to cross the road Yes/No
within the green signal
interval?
Q6. Isithard towalk 1 km withouta Yes/No
rest?
Q7. Isit hard to stand on one foot Yes/No
for about 5 seconds?
Q8. Do you use a cane when you Yes/No
walk?
Q9. Isit hard to squeeze a towel Yes/No
tightly?
Q10. Do you feel dizzy at times? Yes/No
Q11. Is your back bent? Yes/No
Q12. Do you have knee pain? Yes/No
Q13. Do you have visual problems? Yes/No
Q14. Do you have hearing problems?  Yes/No
Q15. Do you think you are forgetful?  Yes/No
Q16. Do you worry about falling when  Yes/No
you walk?
Q17. Do you take more than five Yes/No
prescribed medicines?
Q18. Isit dark in your home? Yes/No
Q19.  Are there any obstacles inside Yes/No
your house?
Q20. Is there any difference in level Yes/No
inside your home?
Q21. Do you have to use stairs in Yes/No
daily living?
Q22. Do you have to walk up ordown  Yes/No

a steep slope around your
house?

In a logistic regression analysis using the incidence
of falls as a dependent variable, the risk of falls was
3.8-fold higher in subjects who had experienced trip-
ping during the last 12 months. Also, fall rates were
twice as high for those who had declined physically,
for example, by needing handrails while climbing stairs
and noticing a slowed walking speed. On the contrary,
environmental factors increased the risk of falls by less
than twofold, and especially using stairs in daily living
was associated negatively (0.6-fold) with the risk of
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falls, There was no significance found in age and
gender differences.

Furthermore, a multivariate analysis using the predic-
tion of future falls as a dependent variable (n=2342)
found that an odds rato (OR) for future falls was 5.8
and was highest for those who had reported a history of
falls. Advanced age (increasing every 10 years) was an
additional risk factor (OR, 2.9), followed by forgetful-
ness (OR, 2.1), kyphosis (OR, <2.0) and knee-joint pain
(OR, <2.0). Dizziness was identified as a factor reducing
fall risk (OR, 0.56) and gender difference was not an
independent predictor of future falls.

Discussion

A history of falls has been defined as the most important
risk factor for falls and showed an average OR of 3.8 in
studies performed by both domestic and overseas
researchers.™ In our prospective study, a history of falls
also showed the highest OR of 5.8, and moreover, only
physical risk factors - such as aging (OR 2.9), kyphosis
associated with osteoporosis (OR, 1.8), forgetfulness
(OR 2.1) with dementia, and knee-joint pain with
osteoarthritis deformans - significantly predicted future
falls. However, weakness in lower-extremity muscles or
environmental hazards did not indicate a statistically
significant relationship.

The subjects who had fallen in the past are likely to
have been exposed to environmental hazards and have
had lower extremity weakness. Thus, it seems reason-
able to understand that environmental hazards or
lower-extremity muscle weakness decreased impact on
future falls when the analysis was performed by using a
history of falls as an independent variable,

In order to identify high-risk individuals, emphasis
should be placed on careful inquiry about the number
of previous falls, instead of spending a great deal of time
on questionnaires regarding environmental risks or
lower-extremity function tests (walking speed or one-
foot standing), which we had done in the past. In addi-
tion, we introduce the Fall Predicting Score, which is
designed to efficiently detect persons at risk for future
falls, by simply summing the presence of three physical
risk factors for falls (osteoporosis, dementia and knee-
joint pain).

Finally, a round back, being found as a significant
predictor in our prospective study, raises important
questions, particularly whether a prolonged false
posture may predispose individuals toward a round
back, or whether sarcopenia and osteopenea may share
the same exacerbating mechanism such as vitamin D
deficiency, thereby leading to a round back.
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Summary

Toll-like receptors (TLRs) play an important role in innate immunity. Meanwhile, o;-adrenergic
receptors (,AR) provide the key linkages for the sympathetic nervous system to regulate the immune
system; however, its role in macrophages remains uncertain. Here, we demonstrated the cross-talk
between AR and TLR signaling pathways. mAR expression was down-regulated by TLR4 ligand
lipopolysaccharide (LPS) stimulation. To investigate the physiological consequence of the
down-regulation, the macrohege cell line, RAW264 cells were transfected with a; AR expression
vector (RAWar). LPS-stimulated inducible nitric oxide synthase (NOS II) expression and NO
production were markedly suppressad in RAWar cells. The activation of nuclear factor aB (NF-aB)
and degradation of the inhibitor of NF-aB (loBa)‘in response to LPS were markedly decreased in
these cells. The level of c-arrestin 2, which regulates mAR signaling, was also reduced in RAW264
cells after stimulation with LPS, but not in RAWar cells. Overexpression of a-arrestin 2 (RAWarr2)
also inhibited NO production and NOS II expression. Further, we demonstrated that a-arrestin 2
interacted with cytosolic IaBa and that the level of IaBa co-immunoprecipitated by anti-c-arrestin 2
antibodies was decreased in RAW264 cells but not in RAWar or RAWarr2 cells. These findings
suggest that LPS-stimulated signals suppress oz AR expression, leading to down-regulation of
o-arrestin 2 expression, which stabilizes cytosolic IaBa and inhibits the NF-aB activation essential for
NOS II expression, probably to ensure rapid and sufficient production of NO in response to microbial
attack,



Introduction

The ability of the innate immune system to recognize and respond to microbial components has
been chiefly attributed to a family of type I transmembrane receptors termed Toll-like receptors
(TLRs), which are expressed abundantly on antigen-presenting cells such as macrophages and
dendritic cells and can discriminate among the distinct molecular patterns associated with microbial
components [1, 2]. TLR-initiated activation of NF-oB is essential for the regulation of inducible
nitric oxide synthase (NOS II) and several proinflammatory cytokines in response to invading
pathogens. NO produced by NOS II has a number of important biological functions, including roles
in host defense against intracellular pathogens and tumor-cell killing, Although this basic definition
is still accepted, over the past decade, NO has been shown to play a much more diverse role in the
immune system as well as in other organ systems, including not only beneficial but also detrimental
effects [3, 4]. For example, the systemic inflammatory response syndrome, which includes severe
septic shock and multiple organ system failure, remains a leading cause of death in critically ill
patients. Therefore, it is necessary to clarify the molecular mechanisms of TLR-initiated signaling
that leads to NO production in response to microbial components.

NF-aB is found predominantly in the cytoplasm complexed with members of the inhibitor of
NF-oB (laB) family. The release of NF-aB from IoB proteins is an essential step in the generation
of transcriptionally competent NF-oB. The consensus is that IoB proteins mask the nuclear
localization signals of NF-aB proteins, thereby regulating NF-oB activity, primarily by limiting their
nuclear translocation. Recent studies, however, have indicated that loBa is detected in both the
nucleus and cytoplasm and that although the NF-aB complexes shuttle between the nucleus and
cytoplasm under all conditions, they are unable to bind DNA due to their association with proteins of
the laB family [5-7]. Nuclear laBa is not sensitive to signal-induced degradation. Therefore,
following stimulation, NF-aB activities are dependent on the level of cytoplasmic NF-oB/luBa
complexes.

Recently, we demonstrated that the level of o adrenergic receptor (AR) expression influsnces
TLR4 signaling [8]. AR is a member of a family of G protein-coupled receptors (GPCRs) and is
the key link involved in immune system regulation via the sympathetic nervous system [9, 10].
Primary and secondary lymphoid organs, such as the thymus, spleen, and lymph nodes, receive
extensive sympathetic/noradrenergic innervation, and lymphocytes, macrophages, and many other
immune cells bear functional wAR. Therefore, mAR stimulation regulates proinflammatory
cytokine production, lymphocyte traffic and proliferation, and antibody secretion through cAMP
generation and protein kinase A (PKA) activation [10, 11]. However, the role of AR in the TLR
signaling pathway in macrophages remains vague. On the other hand, we others showed that
arrestins are cytosolic proteins that play a critical role in the regulation of GPCR signaling [12, 13].
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Recent studies have shown that they also interact with their partner molecules in a variety of signaling
pathways, including NF-oB signaling [14-16]). 1In the present study, we investigated the
physioclogical consequence of the down-regulation of ;AR expression in macrophages and analyzed
the cross-talk between the signaling of . AR and TLRs.

Materials and Methods

Cell Culture

The murine macrophage cell line RAW264 (RCB0535) was purchased from RIKEN Cell Bank
(Tbaraki, Japan) and cultured as described in our previous study [17]. The cells were stimulated with
1 pg/ml lipopolysaccharide (LPS) from E. coli 055 (Sigma-Aldrich, St. Louis, MO). Cell viability
was assessed by using the trypan blue dye exclusion test. Cell size was measured by flow cytometric
analysis of forward light scatter characteristics (FSC) using a FACSCalibur flow cytometer (Becton
Dichinson, Mountain View, CA).

Electrophoretic mobility shift assay

Nuclear extracts were prepared as described [18]. The NF-aB oligonucleotide probe (5'-AGT TGA
GGG GAC TTT CCC AGG-3") was purchased from Promega (Madison, WI) and labeled with biotin
atits 3' end. The nuclear protein (2 pg) and excess amount of labeled oligonucleotide probes were
incubated in 20 ul EMSA buffer [20 mM HEPES, pH 7.6, 10 mM (NH:),SO., 1 mM DTT, 1 mM
EDTA, 0.2% Tween, 30 mM KCI, 1 pg poly (dI-dC), 1 ug poly L-lysine] at room temperature for 15
min, electrophoresed in 7% polyacrylamide gels, transferred onto the Biodyne Plus Membane (Pall
BioSupport Division, port Washington, NY), and UV cross-linked. To detect signals, the blots were
incubated with streptavidin-horseradish peroxidase conjugate in a blocking reagent for 15 min and
with 2 chemiluminescent reagent for 5 min. The blots were then exposed to Kodak X Omat AR film
(GE Healthcare Bio-Science, Piscataway, NJ).

Western Blotting Analysis

Cell membrane proteins were prepared using the Plasma Membrane Protein Extraction Kit (Bio Vision,
Mountain View, CA). Cytoplasmic protein extracts were prepared as described (30). The protein
concentration was determined using the Bradford reagent (Bio-Rad, Hercules, CA), and equal amounts
of membrane proteins or cytoplasmic proteins were loaded. The samples were separated by 10%
SDS-PAGE and transferred onto polyvinylidene difluoride membranes (Applied Biosystems, Foster
City, CA). The membranes were blocked with 10% non-fat dried milk in Tris-buffered saline (TBS)
and incubated with goat polyclonal antibodies (Abs) against mAR, goat polyclonal Abs against
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ce-arrestin 2, or rabbit polyclonal Abs against IaBa'and NOS I (Santa Cruz Biotechnology, Santa
Cruz, CA); this was followed by incubation with appropriate secondary Abs (horseradish
peroxidase-conjugated rabbit anti-goat or goat anti-rabbit IgG; DAKO, Kyoto, Japan). To ensure
equal protein loading, the membranes were incubated with rebbit anti-actin  or
anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (Santa Cruz) for detection of cytoplasmic
or cell surface GAPDH [19] after stripping. Immunoreactivity was visualized using an enhanced
chemiluminescence reagent (ECL; GE Healthcare Bio-Science).

Immunoprecipitation

The cells were lysed with lysis buffer (20 mM Tris/HCI, pH 7.6, 150 mM NaCl, 2 mM EDTA, 0.5%
Nonidet P-40, and protease inhibitors). The samples were clarified by centrifugation at 21,000 g at
4°C for 30 min. The protein concentration was determined using the Bradford reagent (Bio-Rad),
o-Arrestin 2 was immunoprecipitated with anti-o-arrestin 2 monoclonal Abs (Santa Cruz
Biotechnology) from equal amount of samples, followed by treatment with 10 wl of protein
G-Sepharose beads (GE Healthcare Bio-Science). After extensive washing, the complexes were
analyzed by SDS-PAGE and Western blotting by using rabbit polyclonal Abs against IoBa!

Determination of Nitrite Concentration

Nitrite in the cell culture supernatants was measured using the assay system of Ding et al. [20]. The
nitrite concentration was calculated by comparing with sodium nitrite that was used as a standard. [n
some experiments, 200 uM pyrrolidine dithiocarbamate (PDTC, Sigma) was added to the cultures.

Determination of Intracellular cAMP Concentration

Cells were cultured with or without LPS for 6 h and were stimulated with Salbutamol (1 x 10 M) for
final 30 min. Cell supernatants were then removed and cells were lyzed, Intracellular cAMP was
determined with a commercially available enzyme immunoassay (GE Healthcare Bio-Science).

Real-time PCR

Total cellular RNA was extracted from cells using the RNeasy Mini Kit (Qiagen), and aliquots of 2 ug
were reverse-transcribed with ReverSeript I (Wako Pure Chemical Industries, Osaka, Japan) and an
oligo(dT)15 primer (Roche Diagnostics, Indianapolis, IN) at 42°C for 30 min. c¢DNAs were
amplified by PCR under the following conditions by using the oligonucleotide primers and cycles
listed in Table 1: 94 °C for 30 sec, 55°C for 30 sec, and 72°C for 30 sec for NOS I and 188 fRNA,
and 94 °C for 30 sec, 60°C for 30 sec, and 72°C for 30 sec for total and transfected ;AR and
a-arrestin 2. The guantity of the ¢cDNA template included in these reactions and the number of
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amplification cycles were optimized to ensure that the reactions were stopped during the linear phase
of product amplification, thus permitting semiquantitative comparisons of mRNA abundance between

different RNA preparations.

K3AR and x-arrestin 2 Plasmid Constructs and Stable Transfecrion

Full-length murine qzAR (x;ar) and c-arrestin 2 (xarrestin2) cDNAs were obtained by PCR using the
primers 5-GCTGAATGAAGCTTCCAGGA-3'(sense) and 5-GCCT GTATTACAGTGGCGAG-3'
(antisense) for AR and 5.GGCGGGCGGAGGGCGGCGAG-3"(sense) and
5'".CGTCCTAGCAGAACTGGTCA-3' (antisense) for c-arrestin 2. The amplified AR and
cearrestin 2 fragments were subcloned into the pGEM-T Easy vector (Promega) and then into
Notl-digested pcDNA4 (Invitrogen, Carlsbad, CA). The amplified PCR products were sequenced
using an automatic DNA sequencer (Applied Biosystems). The plasmid DNA used for transfection
was prepared using the EndoFree Plasmid Kit (Qiagen). RAW264 cells were transfected with the
pcDNA4 vector, pcDNA4-agar, or peDNA4-oarrestin2 using Lipofect AMINE Reagent (Invitrogen).
Selection was initiated in a medium containing 500 pg/ml Zeocine (Invitrogen).

Luciferase Assays

The full-length murine NOS II promoter fragment was cloned into the pGL3-enhancer luciferase
reporter gene vector (Promega) (pGL3-NOS 1I) as described [21]. RAW264 cells were transfected
using the LipofectAMINE Reagent with constructs containing the luciferase reporter gene, and
luciferase activity was determined using the Dual Luciferase Assay System Kit (Promega) as
described [21]. Activity was normalized relative to an internal co-transfected constitutive control
(Renilla luciferase expression vector, pRL-TK; Promega). In some experiments, RAW264 cells were
transiently co-transfected with NF-tdB-responsive promoter reporter-luciferase construct pNF-aB-Luc
(Clontech, Palo Alto, CA) or pGL3-NOS II and pcDNA4-cuar or laBa dominant-negative vector
pCMV-IaBaM (Clontech).

Statistical Analysis

The Student’s t test for unpaired samples was used to compare two means. For more than two groups,
statistical significance of the data was assessed by ANOVA. Where significant differences were
found, individual comparisons were made between groups using the t statistic and adjusting the critical
value accerding to the Bonferroni method. Differences were considered significant at P < 0.05.

Data in the text and figures are expressed as means + SEM.



Results

Preventing the Down-regulation of 53AR Inhibits LPS-stimulated NOS Il Expression

oz AR protein and mRNA levels were markedly decreased in RAW264 cells following LPS stimulation
(Fig. 1A). To investigate the role of AR down-regulation in response to LPS, a stable ;AR
transfectant (RAWar) and a vector control (RAWvec) were established. Although the levels of both
AR protein and mRNA expression were notably decreased in RAWvec cells following LPS
stimulation, the down-regulation of o, AR expression was prevented in the RAWar cells (Fig. 1B).
Because the transfected cw AR protein did not have a tag sequence capable of modifying cpAR function,
the protein levels of only transfected AR could not be analyzed. The mRNA levels of transfected
AR were low in unstimulated RAWar cells but markedly increased in the cells following LPS
stimulation (Fig. 1C). In our previous study, we showed that the levels of both protein and mRNA of
transfected cDNA cloned into the pcDNA4 vector were low in unstimulated RAW264 cells but
markedly increased in the cells following LPS stimulation [17). Therefore, it appears that the levels
of total oy AR expression in unstimulated RAWar cells were not so higher than those in RAWvec cells
and that decrease in the level of intrinsic o;AR expression in the LPS-stimulated RAWar cells was
masked by the increased expression of transfected oy AR due to the LPS stimulation. Although, the
intracellular cAMP concentration in RAWar cells stimulated with salbutamol was similar to those in
RAWvec cells, LPS stimulation decreased an accumulation of intracellular cAMP in RAWvec cells
but increased it in RAWar cells (Fig. 1D), suggesting that the transfected oz AR is functionally active.
The similar histograms of the distribution of FSC were observed in RAWvec and RAWar cells,
suggesting that the o AR transfection did not alter the cell size (Fig. 1E). Also, cell viabilities were
more than 98 % in both cells.

The effects of forced mAR expression on NO production were examined. The nitrite
concentration in the culture supernatants of the LPS-stimulated RAWar cells was considerably lower
than in the culture supernatants of the RAWvec cells (Fig. 2A). After stimulation with LPS for6 h, a
distinct 130-Kd NOS I protein band was observed in the RAWvec cells but not in the RAWar cells
(Fig. 2B). Although a protein band corresponding to NOS II was observed in the RAWar cells after
stimulation with LPS for 24 h, the expression level was apparently lower than in the RAWvec cells.
Similar results were obtained on RT-PCR. analysis of NOS II mRNA expression (Fig. 2B).

Preventing the Down-regulation of x3AR Inhibits LPS-stimulated NF-xB Activation.

Next, the effects of forced a; AR expression on NF-aB activation in response to LPS were analyzed.
As illustrated in Fig. 3A, marked NF-oB activation was observed in the RAWvec cells stimulated with
LPS for 3 and 6 h but not in the RAWar cells. The level of cytoplasmic IoBa was definitely



