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Abstract

Objectives: To assess the association between poor handgrip strength (HGS) determined by clinical criterion
and incidence of falls in older women. Methods: The cohort included 195 women (68.1+6.2 years) who were
assessed for HGS (Jamar Dynamometer) at baseline and were prospectively followed for 18 months. FNIH
Sarcopenia threshold of HGS adjusted for body mass index (<0.56) was used for clinical determination of poor
HGS. Association between poor HGS and incidence of falls was analyzed using Cox hazard models in the total cohort
and in a stratified analysis by balance status. Results: During the follow-up, 53 (27%) women experienced at
least one fall. In a multivariable model, poor HGS was associated with approximately 3-fold increased risk for falls
[Hazard Ratio (HR)=2.73, 95% Confidence Interval (Cl)=1.28-5.82, p=0.0091. In a stratified analysis, women
with impaired balance exhibited even greater risk for falls (HR=3.85, 95%CI=1.47-10.12, p=0.01 1), although no
association was found in women with normal balance (p=0.459). Conclusions: Poor HGS based on clinical criterion
is independently associated with higher risk of falls in older women, particularly in those with impaired balance.
These results suggest potential prognostic value of FNIH Sarcopenia threshold for risk stratification and referring

high-risk individuals to fall prevention programs.
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Introduction

Falls in older age are a major public health issue and
the leading cause of fatal and nonfatal injuries among
adults 65 years and older'2, A fall is often defined as
“inadvertently coming to rest on the ground, floor or other
lower level, excluding intentional change in position to rest
in furniture, wall or other objects”3. The annual incidence
of falls in older population ranges from 28% to 42% and
the consequences of falls can be devastating®. Extensive
body of literature demonstrated that falls caused fractures
(64%), hospital admissions (32%), becoming dependent
(32%), confusion (22%), severe disability as bed-bounded
(12%), negative psychological consequences and reduced
activity of daily living and poor quality of life?3. Additionally,
falls are considered as a main reason for a nursing home
admission, accounting for 40% of all injury death among
the older people®.

Compared to men, women are more likely to experience
nonfatal falls and injuries®3. Large population-based studies
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reported that women had 40% to 60% higher overall injury
rate, more than double the risk for fractures and 80%
increased risk for hospitalization due to fall injury“S. Falls are
also associated with tremendous economic burden. In the
United States, the direct medical costs for falls are estimated
to be $50 billion per year®, where the expenses among
women approximately 7 1% of the total medical costs”.
Falls have a multifactorial etiology and muscle weakness
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is the most significant risk factor?38'2, The World Health
Organization reported that individuals with muscle weakness
are five-times more likely to fall compared to those with
normal muscle strength®. A meta-analysis of prospective
studies found that upper limb muscle weakness (primarily
measured by handgrip strength (HGS)) was associated
with 53% higher risk for falls®. Although previous studies
consistently demonstrated an increased risk of falls among
individuals with poor HGS, these studies have limitations
in terms of inconsistent methodology for determining poor
HGS, lack of consideration for physiological differences
between sexes and absence of appropriate anthropometric
adjustments®®1213, For instance, individuals exhibited the
poorest HGS (lowest quartile or quantile or 10" percentile)
were compared to individuals with the highest HGS (highest
quartile or quantile or 10" percentile), while aclinical criterion
for muscle weakness has not been applied®® 2, Additionally,
women compared to men, have lower muscle strength and
body size, where the latter is correlated with lower absolute
muscle strength'. These important considerations and
appropriate adjustments have not been taken in previous
studies and require further exploration®°:'2,

To address these shortfalls, Foundation for the National
Institutes of Health (FNIH) Sarcopenia Project was
implemented, aiming at using multiple data-set sources
to identify cutoff values for clinically meaningful muscle
weakness. These thresholds, however, needs to be further
explored and in different older populations before can be
used in clinical practice. Therefore, the current study aimed
to assess the association between poor HGS determined
by clinical criterion from FNIH Sarcopenia Project and the
incidence of falls in older women.

Methods
Design and participants

The study was conducted at the University of Brasilia,
Brasilia, Brazil and has been previously described'5.
In brief, a prospective study among community-dwelling
women, assessing the relationship between physiological
functions and health-related outcomes was conducted
between July 2015 to January 201 8. Potential participants
were contacted through phone calls, flyers, and visits to local
community social groups. A comprehensive questionnaire,
the Mini-Mental State Examination and the Katz index were
used to verify their medical history and eligibility prior to
enrolment'®'?, Physical inactivity and sedentary behavior
were evaluated using the short version of the International
Physical Activity Questionnaire'®. Knee extensors isometric
peak torque relative to body weight was measured using
an isokinetic dynamometer (Biodex 4, Biodex Medical, Inc.,
New York, United States)'4. The QuickScreen® Clinical Falls
Risk Assessment was utilized for identifying established
risk factors for falls'®. The instrument assesses falls in the
last 12 months, usage of four or more medications per
day (excluding vitamins and minerals), any psychotropic
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medication use, low contrast visual acuity, peripheral
sensation, postural balance, reaction time, and lower limb
muscle strength. The total number of risk factors provides
four levels probability for future falls (O-1 risk factors=7%
probability, 2-3=13%, 4-5=27%, or 6+=49%)'°.

All participants provided written informed consent,
and the study was approved by the University of Brasilia
Research Ethics Committee (protocol 1.223.636). Eligibly
criteria were volunteering to participate in the study,
age between 60 and 85 years and ability to walk without
assistance. Those who had conditions that could interfere
with the study measures such as severe musculoskeletal
disorders, neurological illness, diagnosis of cancer, 6-month
postoperative condition, cognitive impairment, or functional
dependency were excluded.

Exposure (handgrip strength)

Handgrip strength was measured using a calibrated
Jamar hydraulic hand dynamometer (Sammons Preston,
Bolingbrook, USA) according to the American Society of Hand
Therapists quidelines?®. All measurements were performed
in the sitting position, elbow joint at 90°, forearm in neutral
position, and wrist between O° and 30° of extension?®. Three
trials of maximal dynamometer squeezing were performed
using both right and left hands. The average of these trials
in both hands was used for HGS analyses. The average
HGS was divided by body mass index according to the FNIH
Sarcopenia Project recommendations, and a clinical criterion
of muscle weakness (<0.56) was applied dichotomously?'.
This threshold was determined by pooling data from nine
sources of community-dwelling older adults and a series
of six clinical trials and reviewed by representatives from
academia, professional organizations, government, and the
private sector who have an interest in aging and muscle?'.
Participants with HGS adjusted for body mass index below
the threshold (<0.56) were determined as having poor
muscle strength, whereas participants with values =0.56
were considered as having normal muscle strength?!.

Postural balance status was evaluated by near tandem
stand test, which measures the time that participants can
stand with their eyes closed and their bare feet in a near
tandem position (feet parallel and separated laterally by 2.5
cm, and the heel of the front foot 2.5 cm anterior to the great
toe of the back foot)'. The inability to maintain this position
for at least 10 seconds was determined as impaired balance
status, whereas ability to maintain this position for 10
seconds or more was considered as normal balance status'®.

Outcome ascertainment (incidence of falls)

Incidence of falls was assessed according to procedures
described elsewhere'4'5, In brief, a fall was defined as “‘an
unexpected event in which the participants come to rest
on the ground, floor, or lower level’’*22, This definition
was explained to the participants during the baseline
assessment, and incident falls were recorded at the end
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Figure 1. Flowchart diagram of participants in the study.

Characteristic Total cohort (n=195) Normal handgrip strength Poor handgrip strength
(n=174) (n=21)

Age (years) 68.0 (6.0) 67.6 (5.7) 70.1(7.3) 069 $
Body mass index - bmi (kg/m?) 27.7 (4.9) 27.3(4.0) 31.3(5.9) .006 5
Handgrip strength (kgf) 21.7(5.2) 22.7(45) 14.1 (3.6) <.0015
Adjusted handgrip strength (kgf/ bmi) 0.80(0.22) 0.85(0.19) 0.46 (0.10) <.001°5
Knee extensors peak torque (Nm/ kq) 157.7 (47.0) 161.5(45.8) 123.3(49.3) <.001°
Use of 4 or more medications per day 71(36.4) 64 (36.8) 7(33.3) 815¢
Any psychotropic medication use 35(17.9) 31(17.8) 4(19.0) 1.000 &
Low contrast visual acuity 14(7.2) 14 (8.0) 0(0.0) Sl
Low peripheral sensation 23(11.8) 20(11.5) 3(14.3) 720¢
Impaired postural balance 87 (44.6) 72 (41.4) 15(71.4) O11°¢
Slow reaction time 74(37.9) 62 (35.6) 12(57.1) 061 £
Poor lower-limb muscle strength 66 (33.8) 60 (34.5) 6(28.6) .808¢
Number of risk factors for falls 2.2(1.5) 2201.6) 2.6(1.5) 21075
Hypertension 106 (54.6) 95 (54.9) 11(52.4) 822¢
Diabetes mellitus 29(14.9) 26 (15.0) 3(14.3) 1.000 £
Osteoporosis 42 (21.8) 38(22.1) 4(19.0) 1.000 &
Lower-limb injury 60 (30.8) 51(29.3) 9(42.9) 217¢
Alcohol consumption 65 (33.3) 60 (34.5) 5(23.8) 463 ¢
Current smoker 7 (3.6) 6 (3.5) 1(4.8) .560¢
Physical inactivity @ 142 (72.8) 125(71.8) 17(81.0) 477 ¢
Sedentary behaviour ° 40 (20.5) 33(19.0) 7(33.3) 151 %

Note: Continuous data presented as mean and standard deviation. Categorical data presented as absolute number and proportion. °Physical
activity level was evaluated using the short version of the Intemational Physical Activity Question-naire — IPAQ. ®Sitting time =8 hours/day.
SIndependent t-test; £Fisher’s exact test.

Table 1. Characteristics of the sample.
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Variable

HR (95% CI)

2.20(1.09-4.44) .027
1.69(0.71-4.04) .237
0.77 (0.32-1.82) 547
1.40(0.79-0.97) .245
1.35(1.12-1.62) .001
0.99 (0.46-2.10) 973
0.87 (0.45-1.67) 679
0.99 (0.56-1.77) .982
0.68(0.37-1.24) .210
2.00(0.62-6.51) 247
1.97 (0.97-3.94) .055
1.27 (0.67-2.40) 470

Age-adjusted analysis
Poor handgrip strength
Low contrast visual acuity
Low peripheral sensation
Postural balance impairment
Number of risk factors for falls

Diabetes

Osteoporosis
Lower-limb injury
Alcohol consumption
Current smoker

Physical inactivity

Sedentary behavior

Multivariable analysis

273128582  .009
1.68(0.61-466) 320
0460.16:129) 139
084(043-161) 592
1.51(1.20-1.91) <001
053022-127)  .156
| Osteoporosis

0.45(0.20-1.01) .052
0.71(0.37-1.37) .308
0.71(0.37-1.35) .292
1.17(0.32-4.27) .809
1.87 (0.87-4.03) .109
0.77 (0.37-1.60) 481
Abbreviations: HR= hazard ratio; Cl= confidence interval.

Osteoporosis
Lower-limb injury
Alcohol consumption
Current smoker

Physical inactivity

Sedentary behavior

Table 2. Age-adjusted and multivariable risk models of falls in older
women.

of the follow-up period through telephone surveys with
the question “During the past 18 months, did you fall
any time?”. Responses to the question were recorded as
a dichotomous variable of whether or not participants
experienced falling down at least once during the follow-
up. All telephone calls were made by the same researcher
experienced with telephone surveys. At least ten contact
attempts were made to each participant with missed calls.

Statistical analysis

Descriptive data of continuous variables were expressed
as mean and standard deviation, while categorical variables
were expressed as absolute numbers and proportion. To test
for normality of the data distribution, the Shapiro-Wilk test

n
o))

was performed. For exploratory analysis, correlation between
HGS and knee extensors peak torque was assessed using
Pearson’s correlation test. Between-group comparisons
were conducted using independent t-test and Fisher’s exact
test for the continuous and categorical data, respectfully.
Hazard ratios (HR) and 95% confidence intervals (Cl) were
calculated using Cox proportional hazard analysis both
in the total cohort and stratified by balance status. Model
1 was adjusted for age. Model 2 was adjusted for age,
diabetes, osteoporosis, lower limb injury, physical inactivity,
sedentary behaviour, alcohol consumption, smoking status,
low contrast visual acuity, peripheral sensation, balance
status and number of risk factors for falls. Kaplan-Meier
curves were constructed for cumulative incidence of falls
and analyzed using and a log-rank test. Statistical analyses
were conducted using Statistical Package for Social Sciences
software version 20.0 (SPSS Inc, Chicago, lllinois). The
significance level was set at p<0.05.

Results

Five hundred potential participants were initially
contacted and 335 agreed to participate in the study.
After exclusion criteria were applied, a total of 246 women
underwent baseline assessment. From the baseline sample,
195 volunteers were successfully tracked for ascertainment
of falls over the 18-month follow-up period and were included
in the current analyses (Figure 1). Participants with poor HGS
had lower knee extensors peak torque and higher prevalence
of impaired postural balance compared to participants with
normal HGS (Table 1). There were no significant differences
in all characterization variables between the final sample and
the participants who were lost to follow-up (all p>.05).

During the follow up, 53 (27%) participants experienced
incident of fall. Both in the age-adjusted and the multivariable
models, participants with poor HGS had a higher risk of
falls (HR=2.20, 95%Cl=1.09-4.44, p=.027), (HR=2.73,
95%Cl: 1.28-5.82, p=.009), respectively (Table 2). Kaplan
Meir curve showed that poor HGS was associated with higher
incidence of falls (p=0.015; Figure 2). In a stratified analysis
by balance status, poor HGS was associated with falls only
in women with impaired postural balance (Figure 3). The
corresponding HR were 2.44 (95%Cl: 1.07-5.60, p=.035)
and 3.85 (95%Cl: 1.47-10.12, p=.006) for age-adjusted
and fully adjusted models, respectively. Exploratory analysis
showed that HGS adjusted for BMI was moderately correlated
(r=0.55, p<.001) with knee extensors peak torque relative
to body weight.

Discussion

The present study examined the association between poor
HGS, determined by FNIH clinical criterion, and the incidence
of falls in older women. The findings showed that poor HGS
is independently associated with significantly higher risk of
falls, particularly in women with impaired balance. Although
large prospective studies of FNIH Sarcopenia criterion
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Figure 2. Comparison of cumulative incidence of falls between poor and normal handgrip strength in older women.
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Figure 3. Fall incidence risk of poor handgrip strength stratified by balance status in older women. Chart (A) presents age-adjusted models. Chart
(B) presents multivariable model. Balance status was evaluated by near tandem stand test.

are still warranted?', these results support the potential strength, balance and functional training?3.

prognostic value of this method for fall risk stratification The findings of the present study are consistent with
in clinical and research settings. Individuals with poor previous reports with respect to the association between
HGS could be referred to fall prevention programs such as poor HGS and falls in older population?38%12, A meta-
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analysis found that poor HGS is associated with 53%
increased risk of falling®. Other study reported that a greater
decline compared to normal age-related decline in HGS
was associated with 25% higher risk for falls'2. Recently,
a study showed that poor HGS is a significant predictor of
fractures due to falling®. Our findings also align with the well-
established data with respect to the associations between
poor HGS, general morbidity and mortality242°.

The relationship observed in the current study is stronger
than the observed in these earlier reports and add novel
and important information that have clinical and public
health implications for risk stratification and falls prevention
programs. To our knowledge, the current study is the first
to demonstrate the risk association between poor HGS
determined by the FNIH Sarcopenia clinical criterion and
incidence of falls in older women?'. Although previous
studies have demonstrated an increased risk of falls among
individuals with poor HGS, these studies have limitations
in terms of inconsistent methodology for determining poor
HGS, lack consideration for physiological differences between
sexes and absence anthropometric adjustments®®'213, The
current study overcame these limitations by utilizing an
established clinical criterion of muscle weakness from FNIH
Sarcopenia project?', which has specific threshold for women
and is adjusted for body mass index?'. Since both poor
muscle strength and higher body mass index are important
risk factors for falls2”, combing these variables into an index
seems like improving the risk stratification and prognostic
value. The results showed that poor HGS is independently
associated with higher risk of falls in the total cohort and in a
stratified analysis by balance status.

Althoughthe exact mechanismsinvolvedinthe association
between poor HGS and falls have yet to be fully understood,
several potential explanations should be mentioned. Muscle
weakness is a well-established health marker associated
with many chronic conditions, mortality outcomes and falls
in older people?3824262829  Stronger skeletal muscles,
on the other hand, have been consistently demonstrated
to be associated with better clinical outcomes and lower
mortality risk, especially among older people?526282° The
correlation between HGS and knee extensors peak torque
observed in the current study further suggests the potential
representation of HGS of other muscles groups and overall
body strength, particularly when expressed relative to body
weight or body mass index3°. This aligns with established
literature that relative rather than absolute muscle strength
is @ more sensitive prognostic marker for falls, supporting
the utilization of FNIH Sarcopenia threshold in the clinical
and research fields'''4,

The study has strengths and limitations. The strengths
include application of clinical criterion for poor HGS,
prospective evaluation of the outcomes (incidence of falls),
relatively lengthy follow up time (18 months), and analysis of
both age-adjustment and multivariable models for extracting
the independent association between exposure and outcome.
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Certain limitations are also acknowledged. First, although
the number of participants and cases of falls were sufficient
to conduct a multivariable analysis, the sample size was
relatively small and thus additional research is required.
Second, the study cohort included women participants only
and the mean age was 68=6 years; thus, the application for
men and older populations needs to be examined in future
studies. Finally, although mental examination was performed
at baseline for excluding cognitive impairments, recall bias of
falls incidence in utilizing a retrospective telephone surveys
could affect the results.

Conclusions

Insummary, poor HGS determined by the FNIH Sarcopenia
clinical criterion is independently associated with higher risk
of falls in older women, particularly in those with impaired
postural balance. Given the simplicity and the low-cost of
the applied method, the findings support the utilization FNIH
criterion as risk stratification for falls and refer individuals
having poor HGS to fall prevention programs.
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