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Abstract 

Aim This study examined the association of low handgrip strength (HGS) for falls in middle-aged adults and older 
adults every half-decade of life.

Methods This cross-sectional study was conducted using the public data from the first wave of the Brazilian Longitu-
dinal Study of Aging (ELSI-Brazil). The participants were allocated into seven age groups 50–54, 55–59, 60–64, 65–69, 
70–74, 75–79, and ≥ 80 years. Binary logistic regression analysis was performed to identify the odds ratio (OR) of low 
HGS to the falls regardless of confounding variables such as sex, balance, gait speed, and total number of health 
conditions.

Results A total of 8,112 participants aged 50–105 years (median = 62.0 years): 3,490 males (median = 60.0 years) 
and 4,622 females (median = 63.0 years) attended the study. Altogether, 21.5% of participants experienced at least one 
fall. HGS gradually decreases over each half-decade of life. In addition, low HGS presented a significative OR (p < 0.05) 
for falls for age groups, until 80 s, even when considering confounding variables.

Conclusions Low HGS is associated with falls in middle-aged adults over their 50 s and remained a strong measure 
of falls across each subsequent half-decade of life, until 80 s.
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Text box 1. Contributions to the literature

1 - Low handgrip strength (HGS) is associated with falls in middle-aged 
adults and older adults, regardless of sex, functional performance, 
and health conditions, significantly contributing to the understanding 
of fall prevention in public health.

2 - We highlight HGS as a risk marker throughout aging, especially 
for falls, which is relevant in preventive health policies.

3 - Including HGS in risk assessment can guide interventions and pub-
lic health policies, emphasizing the need to strengthen musculature 
to reduce the impact of falls in middle-aged adults and older adults.

Background
The global demographic landscape is undergoing a sig-
nificant shift characterized by an increasing aging popu-
lation. This phenomenon is ubiquitous, with every nation 
experiencing a rise in both the absolute number and rela-
tive proportion of older adults within their demographic 
composition [1]. Projections from the World Health 
Organization indicate that, by the year 2050, an esti-
mated 80% of the older population will be concentrated 
in low- and middle-income countries [1]. According to 
World Health Organization forecasts, the worldwide 
population aged 60 and above is anticipated to reach 2 
billion by 2050, constituting a noteworthy one-fifth of the 
global populace [1]. Furthermore, data from the Ministry 
of Health reveals that Brazil ranked fifth globally in terms 
of its older population in the year 2016 [2]. Projections 
suggest that by 2030, the number of older adults in Brazil 
will surpass the total count of children aged zero to 14 
[2]. This demographic shift demands careful considera-
tion and strategic planning to address the ensuing impli-
cations for public health.

Aging is characterized by a complex interplay of many 
physiological changes and by the accumulation of chronic 
conditions over time that impact overall well-being and 
functional abilities in older adults [3, 4]. Amongst oth-
ers, falls are important age-related outcomes strongly 
associated with disability, and institutionalization [5]. In 
terms of the epidemiology of falls, a global meta-analysis 
[6] assessed the occurrence of falls in community-dwell-
ing older adults aged over 65 years. In the review of 104 
studies, encompassing a total sample size of 36,740,590 
individuals, a global prevalence of falls in older adults 
was noted at 26.5%. There was a notable variation in fall 
rates across countries and by sex [6]. In a meta-analysis 
published in 2019, which examined 37 studies assess-
ing falls in older adults in Brazil, it was found that over 
a 12-month period, there was a prevalence of 27% in the 
occurrence of falls. Falls were more frequent in females, 
individuals of advanced age, and participants from the 
Central region of Brazil [7].

Despite the multifactorial etiology of falls, substantial 
evidence indicates that they are predominantly attrib-
uted to physiological changes associated with the natural 
aging process. This suggests that over 70% of falls could 
be anticipated and potentially prevented through early 
identification and intervention [8]. To this end, falls can 
be predicted through clinical assessments such as physi-
cal function performance tests, since deficits associated 
with physical function performance significantly increase 
the falls risk [9]. Physical function, which encompasses 
cardiorespiratory capacity, gait speed, and muscular 
strength, has been proposed as a biomarker of healthy 
aging, as it is predictive of adverse health events, disabil-
ity, morbidity, and mortality [10]. Similarly, muscular grip 
strength (also known as handgrip strength; HGS), is a 
measure of body function that has also been suggested as 
a biomarker of healthy aging [11–13]. Because of its prac-
tical and inexpensive use, and its value as a prognostic 
tool of future adverse health outcomes, HGS assessment 
and performance has long been the focus of researchers 
and clinicians [13–15].

For instance, in aging adults, reduced muscular 
strength or significant muscular strength asymmetry, 
measured as HGS, has been strongly associated with a 
variety of poor health outcomes including but not limited 
to functional disabilities and falls [16–19]. For example, 
researchers have recently observed in a large sample of 
middle-aged and older adults (i.e., ≥ 50 years) that HGS 
asymmetry and low HGS increased the likelihood of 
developing future disability to perform activities of daily 
living [17]. In terms of falls and risk of falls, a study of 
meta-analysis conducted in the past observed that low 
HGS was associated with 53% higher risk for falls in older 
adults [20]. Similarly, a more recent study conducted in 
the central-west region of Brazil by Neri et al. [18] evalu-
ated 195 community-dwelling females (68.1 ± 6.2 years). 
The authors observed that poor HGS was independently 
associated with a higher risk of falls in older females.

Although some Brazilian studies, such as Neri et  al. 
[18], Benedetti et al. [21], and Carneiro et. al. [22], have 
investigated the occurrence of falls in Brazilian older 
adults, these inquiries have primarily centered on indi-
viduals aged 60 and over. Additionally, previous stud-
ies consistently revealed an elevated incidence of falls 
among individuals with low/poor HGS; however, these 
investigations have predominantly focused on high-
income countries. Thus, it is imperative to conduct fur-
ther studies involving Brazilian older adults to assess 
diverse approaches to the relationship between HGS and 
the occurrence of falls. Additionally, not much is known 
about the association between low HGS and falls in 
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low-to-middle income countries and middle-aged adults 
(≥ 50 years old) examining such association every half-
decade (i.e., 5 years). This is important because muscular 
weakness is regarded as the most significant risk fac-
tor for falls. Because previous work has demonstrated 
a strong association between low HGS and lower limb 
strength [23] it would provide an early window of oppor-
tunity for fall prevention strategies and interventions.

Muscular strength begins to decline around the age 
of 30 [11] and accelerates its decline with each passing 
year, being an underappreciated measure until before the 
age of 60–65 [17]. However, monitoring HGS in adults, 
starting in their 50 s, can be an important marker for pre-
dicting falls and, consequently, a starting point for appro-
priate interventions to prevent falls at ages when the 
outcome can be more detrimental. We hypothesize that  
low HGS is associated with falls in adults upon their 50 s 
and in the following years of their lives, regardless of con-
founding variables such as sex, balance, gait speed, and total 
number of health conditions. Therefore, this study aimed 
to examine the association of low HGS for falls in middle-
aged adults and older adults every half-decade of life.

Methods
ELSI‑Brazil
The ELSI (Estudo Longitudinal da Saúde do Idoso) sur-
vey was initiated in 2015 in Brazil. It is a longitudinal 
study designed to assess the health and aging of the Bra-
zilian older population. The survey was established to be 
conducted every three years, aiming to provide insights 
into the health conditions, lifestyles, and various aspects 
affecting the aging process over an extended period. 
Details about ELSI-Brazil can be founded on the research 
homepage (https:// elsi. cpqrr. fiocr uz. br/ en/ home- engli sh/).

Study design
This cross-sectional study was conducted using data 
from the first wave of the ELSI-Brazil, conducted in 
2015–2016. To ensure that the sample represented the 
urban and rural areas of the small, medium, and large 
municipalities, the ELSI-Brazil adopted a multistage 
stratified cluster sampling design. The municipalities 
were allocated in four strata according to their popula-
tion size. For the first three strata (municipalities up to 
750,000 inhabitants), the sample was selected in three 
stages: municipality, census tract, and household. In the 
fourth stratum, which included the largest municipali-
ties, the sample selection was performed in two stages: 
census tract and household. The drawing of households 
occurred in a systematic way, which consisted of a jump 
of four houses after an interview was carried out or after 
three unsuccessful contact attempts. The systematic 
jump was not performed in cases of refusal or ineligibility 

[(1) when there was no resident aged 50 years and over; 
(2) when the household was vacant; (3) when the house-
hold was collective (pension, asylum, republic, shelter, or 
hostel); (4) when the interviewee had some disability that 
prevented him/her from answering the questionnaire and 
there was no substitute informant (proxy)]. When the 
interviewer found any of these cases, he/she proceeded 
to the next household, following the right-hand rule. All 
residents aged 50 years and over in the selected house-
holds, including those with disabilities, bedridden, and 
wheelchair users, were eligible for research. The ELSI-
Brazil is a nationally representative study of 9,412 peo-
ple aged 50 years or older, residing in 70 municipalities 
across the five Brazilian regions. Further details on the 
ELSI Brazil’s sample and its national representativeness 
have been previously published [24]. Other details can 
also be seen on the research homepage (http:// elsi. cpqrr. 
fiocr uz. br/ en/ home- engli sh/). ELSI-Brazil was approved 
by the ethics board of FIOCRUZ, Minas Gerais (CAAE: 
34,649,814.3.0000.5091). Participants signed separate 
informed consent forms for the interviews and physical 
measurements, and access to administrative records.

Data collection
Sociodemographic and anthropometric variables
Face-to-face interviews verified sociodemographic char-
acteristics including age (years), and sex (male; female). 
Additionally, through self-reported data gathered from 
the participants, we collected information on their medi-
cal history, including diagnoses for health conditions 
such as hypertension, diabetes, hypercholesterolemia, 
history of heart attack, angina, cardiac insufficiency, 
stroke, asthma, emphysema, bronchitis, lung disease, 
arthritis, rheumatism, osteoporosis, chronic back prob-
lems or pain, depression, cancer, chronic renal failure, 
Parkinson’s disease, and Alzheimer’s disease. We then 
compiled all health conditions reported by each partici-
pant to create a new variable: the total number of health 
conditions.

Height was measured in centimeters (cm) using a port-
able vertical stadiometer (NutriVida®, Brazil) with the 
participants barefoot with legs and feet parallel, weight 
distributed on both feet, arms relaxed at the sides, palms 
facing the body, and head in the Frankfurt horizontal 
plane. Weight was measured in kilograms (kg) using a 
portable digital scale (SECA®, Germany) with partici-
pants barefoot. Body mass index (BMI) was calculated 
as the ratio between weight in kilograms (kg) and height 
in square meters  (m2). BMI cutoff points were based on 
the World Health Organization recommendation: under-
weight (< 18.5 kg/m2), eutrophic (18.5 to < 25.0 kg/m2),  
overweight (25.0 to < 30.0 kg/m2), and obese (≥ 30.0 
kg/m2) [25]. We dichotomized the BMI’s participants 

https://elsi.cpqrr.fiocruz.br/en/home-english/
http://elsi.cpqrr.fiocruz.br/en/home-english/
http://elsi.cpqrr.fiocruz.br/en/home-english/
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in < 30.0 kg/m2 (normal) and (≥ 30.0 kg/m2) obese. Obe-
sity was also included in the number of health condi-
tions. All anthropometric variables were measured twice 
during the home visit by trained interviewers and the 
average of the measurements was used in the analyses. 
Further information can be seen in the handbook on the 
survey homepage (http:// elsi. cpqrr. fiocr uz. br/ en/ home- 
engli sh/ quest ionna ires/).

Falls
The study’s dependent variable was the occurrence of at 
least one fall, which was obtained from the question: "In 
the last 12 months, have you had any falls?" Falls were 
defined as "an unintentional displacement of the body to 
a lower level than the initial position, with an inability to 
correct promptly, determined by multifactorial circum-
stances that compromise stability" [26].

Handgrip strength
HGS was measured by trained interviewers during the 
home visit using a hydraulic hand dynamometer with an 
adjustable handle (SAEHAN®, South Korea) JAMAR. 
The participants performed the test in a sitting position 
in an armless chair with the test arm held at the side of 
the body, the elbow flexed at 90º, the forearm in a neu-
tral position (thumb up), and the wrist in a comfortable 
position. The mobile handle of the device was placed in 
the second position or adjusted, if necessary, according to 
the size of the participant’s hand. The test was performed 
with the dominant hand and participants were instructed 
to squeeze the dynamometer handle as hard as possi-
ble for two seconds. Dominant hand was determined 
by asking participants if they were right- or left-handed. 
The examiner provided verbal encouragement during 
the test. After demonstrating the test to the respondent, 
three measurements were taken with a one-minute rest 
interval between each test. All readings were taken in 
kilograms (kg). The highest value among the three meas-
urements was used in the current analyses. In the current 
study, participants with HGS values lower than the 20th 
percentile by age group and sex were considered as hav-
ing muscle weakness [27].

3‑m Gait speed test
All participants were evaluated in their homes. The test 
was carried out in a flat area, free of irregularities on the 
floor, and without other obstacles that made walking dif-
ficult. A 3-m steel chain was used to delimitate the space 
required for the test performance. Masking tapes were 
placed on the floor to indicate the starting and ending 
points of the course. Participants were instructed to wear 
the footwear they usually use (shoes, sneakers, sandals, 
or slippers) and to walk with their gait assistance device 

(cane or walker), if necessary. The evaluator explained the 
test procedures to the participants, who performed one 
or two walks for learning purposes. After a few minutes 
of rest, the participants were positioned standing with 
their feet aligned, looking forward, behind the starting 
line. The following verbal command was provided: “Walk 
at the same speed as your regular walk daily (usual pace), 
without running or leaving the path. Attention, go, now!” 
The timer was started when the participants’ first foot 
touched the floor immediately after the starting line and 
was stopped when either foot crossed the finishing line. 
The evaluator walked behind the participants to prevent 
falls if they lost balance. The test was performed twice 
with no acceleration and deceleration distances and with 
a one-minute rest interval between measurements. Gait 
speed (m/s) was calculated as distance (3 m) divided by 
the time taken to walk (seconds). We classified the gait 
speed performance of the participants in normal > 0.8 
m/s, and low ≤ 0.8 m/s [28].

Balance test
ELSI-Brazil adopted the first three stages from the four-
stage balance test (Four-Stage) [29]. For this study, we 
considered the last stage. In that stage participant’s bal-
ance was assessed at the position “one foot behind the 
other, touching the toes on the heel”. The maximum com-
pletion time for this test was 10 s for the participant’s 
age ≥ 70 years old, and 30 s for the participant’s age < 69 
years old. For scoring the balance, participants received 1 
point for holding the position < 9 or 29 s and 0 points for 
holding = 10 or 30 s, respectively for ages ≥ 70 and < 69 
years old [29].

Statistical analysis
After downloading ELSI’s Brazil data into a Microsoft 
Excel® spreadsheet format, two researchers indepen-
dently coded the data. Validation was performed by 
double-checking in Microsoft Excel® to minimize the 
risk of bias in data tabulation. The Kolmogorov–Smirnov 
test was used to assess the normality of the data distri-
bution. The variables, including sex (male [code = 0]; 
female [code = 1]), age group (50 to 54; 55 to 59; 60 to 
64; 65 to 69; 70 to 74; 75 to 79; and ≥ 80 years); falls (no 
[code = 0]; yes [code = 1]); BMI (kg/m2) (eutrophic and 
overweight [code = 0]; obese [code = 1]); HGS (normal 
[code = 0]; low [code = 1]); balance (normal [code = 0]; 
low [code = 1]), and gait speed (normal [code = 0]; low 
[code = 1]) were presented as absolute (n) and relative (%) 
frequency, and were considered independent variables. 
The total number of health conditions was presented as 
a continuous variable, and it was considered as independ-
ent variable as well. Binary logistic regression was con-
ducted to indicate the odds ratio (OR) of people with low 

http://elsi.cpqrr.fiocruz.br/en/home-english/questionnaires/
http://elsi.cpqrr.fiocruz.br/en/home-english/questionnaires/
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HGS to the occurrence of fall. Thus, for logistic regres-
sion, the following independent variables were included 
as “confounding variables”. The statistical analysis was 
performed using the SPSS® version 20.0 program with a 
significance level of α = 5%.

Results
Figure  1 describes the flowchart of the participants 
throughout the study. A total of 1300 was excluded 
according to the reasons below.

The data did not show normal distribution. Our ana-
lytical sample was composed of 8,112 participants 
aged 50–105 years (median = 62.0 years]): 3,490 males 
(median = 60.0 [min = 50.0; max = 105.0 years]) and 
4,622 females (median = 63.0 [min = 50.0; max = 105.0 
years]). In Table  1, a similar value for the number of 
falls (21.5%) was observed regardless of age group. 
The highest frequency of falls occurred in people aged 
75–79 (23.4%), and the lowest frequency in those aged 
65–69 (19.1%). There is a higher proportion of females 
in the sample (n = 4622) and a greater proportion of 
females within each age bracket. Approximately one-
third of the sample within each age group was classified 
as obese. Regarding HGS, the absolute values (median 
kilograms) are around 24.3, with the 25th – 75th per-
centiles ranging from 18.3 to 34.0, respectively. The 

relative frequency of individuals classified as having 
low grip strength gradually decreases with each half-
decade of life. As for balance, there is a proportional 
distribution, with only one-third of individuals classi-
fied as having poor balance in each age grouping. Con-
cerning gait speed, there is an approximately twofold 
higher frequency of individuals with low gait speed 
between each age grouping. Regarding the total num-
ber of health conditions, the median value stands at 2 
diseases within each age group, with the highest varia-
tion occurring in the age group of 50 to 54 years, rang-
ing from 0 to 14 health conditions.

In Table 2, it can be observed that low HGS was asso-
ciated with falls in all age groups except those ≥ 80. 
HGS increased the odds of this occurrence by 36%, 
106%, 78%, 85%, 72%, and 113% for the age groups 
50–54, 55–59, 60–64, 65–69, 70–74, and 75–79 years, 
respectively, even when considering the confounding 
variables. The confounding variable "total health condi-
tions" was statistically significant across all age groups. 
For the 55–59 age group, the variables sex, balance, and 
gait speed were significant. For the 70–74 age group, 
gait speed was significant. For the 75–79 age group, the 
balance was significant.

For didactic purposes, the odds ratio of low HGS is 
presented in Fig. 2, showing an observed increase in the 
likelihood of falls in each half-decade of life.

Fig. 1 Study flowchart
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Discussion
Low HGS is associated with falls in adults (from their 50 
s) and at every half-decade of life, until before the 80 s. 
Even after controlling for confounding variables, includ-
ing sex, balance, gait speed, and total number of health 
conditions, low HGS remained high associated with falls. 
To the best of our knowledge, this is the first study to 
examine the odds ratio of low HGS for fall occurrence 
every five years of life, highlighting HGS as an important 
measure for fall monitoring in adults starting from their 
50 s. Our findings emphasize the need for monitoring 
muscular strength from the age of 50 and the importance 

of implementing appropriate intervention strategies to 
enhance strength and mitigate the likelihood of falls. 
Moreover, our study substantiates the significance of 
assessing HGS as an indicator of overall strength, encom-
passing the muscles of the lower limbs [30, 31]. There-
fore, training interventions should consider the overall 
quality of muscular work, considering both upper and 
lower limb muscles.

Findings of the current study showed a prevalence 
of ~ 21% of fallers (Table  1), which is like the values 
found for older adults around the world (26.5% [95% CI 
23.4–29.8%]) and in the Americas specifically (27.9% 

Table 1 Sex, falls, BMI, total number of health conditions, and performance test classification by age grouping. ELSI-Brazil 2015–2016

Clas Classification, BMI Body Mass Index, Eutr. Over Eutrophic and Overweight, HGS Handgrip strength, Min Minimum, Max Maximum, Kg Kilogram

Variables Clas Age grouping (years)

50–54
(n = 1903)

55–59
(n = 1503)

60–64
(n = 1340)

65–69
(n = 1115)

70–74
(n = 880)

75–79
(n = 691)

 ≥ 80
(n =680)

Falls n; % No 1490; 78.3 1174; 78.1 1044; 77.9 902; 80.9 690; 78.4 529; 76.6 539; 79.2

Yes 413; 21.7 329; 21.9 296; 22.1 213; 19.1 190; 21.6 162; 23.4 141; 20.9

Sex n; % Male 920; 48.3 723; 48.1 539; 40.2 443; 39.7 341; 38.8 266; 38.5 258; 38.2

Female 983; 51.7 780; 51.9 801; 59.8 672; 60.3 539; 61.3 425; 61.5 422; 61.8

BMI n; % Eutr. Over 1330; 69.9 1060; 70.5 931; 69.5 790; 70.9 622; 70.7 502; 72.6 495; 72.8

Obese 573; 30.1 443; 29.5 409; 30.5 325; 29.1 258; 29.3 189; 27.4 185; 27.2

HGS Kg (median); 25th – 75th 24.7; 
18.7–33.3

24.0; 
18.3–31.7

23.7; 
18.3–31.7

24.3; 
19.3–33.3

25.0; 
19.3–32.3

24.7; 
18.3–34.0

24.0; 
18.4–31.4

HGS n; % Normal 1109; 58.3 901; 59.9 880; 65.7 800; 71.7 699; 79.4 563; 81.5 625; 92.1

Low 794; 41.7 602; 40.1 460; 34.3 315; 28.3 181; 20.6 128; 18.5 55; 7.9

Balance n; % Normal 1363; 71.6 1035; 68.9 956; 71.3 786; 70.5 628; 71.4 499; 72.2 485; 71.6

Low 540; 28.4 468; 31.1 384; 28.7 329; 29.5 252; 28.6 192; 27.8 195; 28.4

Gait speed n; % Normal 672; 35.3 539; 35.9 499; 37.2 410; 36.8 323; 36.7 233; 33.7 241; 35.5

Low 1231; 64.7 964; 64.1 841; 62.8 705; 63.2 557; 63.3 458; 66.3 439; 64.5

Total num‑
ber of health 
conditions

Median Continuous 2 2 2 2 2 2 2

Min–Max 0–14 0–11 0–12 0–10 0–10 0–10 0–10

Table 2 The odds ratio for the occurrence of falls in individuals with low hand grip strength, considering age group and the presence 
of cofounding variables. ELSI-Brazil, 2015–2016

Occurrence of Fall is the outcome (dependent) variable

HGS Handgrip strength, OR Odds Ratio, bold = statistically significant (p < 0.05)
a The independent variable is: HGS (main), adjusted for cofounding’s, sex, balance, gait speed, and total number of health conditions

Independent  variablea Age grouping (years) Wald p‑value OR 95% C.I. for OR

Lower Upper

HGS (normal = 0; low = 1) 50–54 5.528 0.019 1.362 1.053 1.763

55–59 21.771  < 0.001 2.067 1.524 2.805

60–64 13.286  < 0.001 1.783 1.307 2.434

65–69 10.592 0.001 1.855 1.279 2.692

70–74 6.398 0.011 1.720 1.130 2.618

75–79 9.368 0.002 2.138 1.314 3.478

 ≥ 80 1.775 0.134 1.821 0.495 4.173
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[95% CI 22.4–34.2%]) [6]. The prevalence rates of falls 
vary across countries due to differences in population 
demographics, healthcare systems, environmental fac-
tors, and cultural influences [30]. Regarding sex dif-
ferences in the occurrence of falls, although females 
commonly report more falls [6], sex-based distinctions 
in fall incidence among older populations may dimin-
ish with advancing age [32]. Despite the identification 
of risk factors for falls, such as low bone mineral den-
sity and increased gait variability in females [33], there 
is currently no consensus on the general mechanisms 
that underlie the heightened frequency of falls among 
females. A study of community-dwelling older adults in 
the US showed that approximately 3.5 million reported 
recent falls, with over a third expressing moderate to 
high levels of fear of falling [34]. Additionally, the study 
reported concern among older adults who experienced 
falls, as they did not make changes to their lifestyle (i.e., 
physical activity and nutrition) after the fall [34]. There-
fore, the prevalence of falls among middle-aged and 
older adults warrants attention, primarily due to the 
lack of subsequent behavior modification. For instance, 
individuals who experience a fall may not proactively 
address contributing factors or adopt preventive meas-
ures. This lack of behavior change can result in persis-
tent muscle weakness and diminished mobility [35]. 
Additionally, our study aligns with other findings in the 
literature that have shown an increase in the prevalence 
of low HSG with each five-year age increment. In other 
words, the occurrence of participants with low strength 
was higher in older age groups. This suggests that, 
beyond being a potential predictor of falls, HSG could 
also be considered an indicator of mortality [36, 37].

Low HGS, indicative of reduced muscular function and 
overall physical frailty, is physiologically associated with 
an increased risk of falls due to multiple factors. These 
include impaired balance and coordination, diminished 
proprioception, reduced muscle mass and strength, 
slower reaction times, and weakened neuromuscular 
control. Additionally, individuals with low HGS may 
experience joint instability and decreased endurance, fur-
ther compromising their ability to maintain posture and 
recover from perturbations. These factors collectively 
contribute to a heightened susceptibility to falls [37, 38]. 
Lower HGS was associated with a high occurrence of falls 
(27%) in both sexes even after being adjusted by socio-
demographic, anthropometric, physical activity, and 
health state variables [37]. Like in our study, gait speed 
was weakly associated with fall risk in comparison to 
HGS [37]. Cross Sectionally, fallers Egyptian seniors have 
low HGS in both hands compared to non-fallers, being 
the correlation between the mean HGS and the number 
of falls negative (p = 0.003) [39]. The HGS decline in one 
year is an independent risk factor for predicting a fall 
even in chronic liver disease patients (n = 100; 71 ± 10.2 
years) living independently. HGS could be a simple and 
inexpensive method to predict falls. In a prospective Bra-
zilian study, 195 females (68.1 ± 6.2 years) were accom-
panied for 18 months, and 27% had at least one fall [18]. 
Low HGS was associated with approximately threefold 
increased risk for falls, being impaired balance females 
exhibited even greater risk for falls (~ fourfold increased 
risk) [18]. Even in physically active older females (n = 135; 
50- 90 years old) a cross-sectional study demonstrated 
that HGS is significant associated with falls (Tinetti scale) 
[40]. 1-kg increase in maximum HGS after adjusting for 

Fig. 2 - Odds ratio for low handgrip strength to increase the chance of falls grouped by half-decade of life. Note: * = p < 0.001; # = p < 0.005
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age and sex showed a protective factor (3%) for risk of 
falls within the last 12 months in a three years follow-
up conducted with 808 individuals (≥ 65 years) from the 
KORA-Age Study [41]. In the KORA-Age Study [41], the 
association between HGS and falls is partially mediated 
by balance problems. In our study, balance showed a sig-
nificant association with falls in the group age 55–59 and 
75–79. A study evaluating 93 older females diagnosed 
with knee osteoarthritis in the central region of Minas 
Gerais, Brazil, investigated factors correlated with the 
fear of falling. Among multiple variables including fall 
history, obesity, and medication use, diminished HGS 
emerged as an independent predictor for the onset of 
the fear of falling [42]. A prospective study conducted in 
São Paulo, Brazil, assessed factors influencing the occur-
rence of falls in 91 older adults undergoing hemodi-
alysis. It was observed that most falls transpired among 
individuals exhibiting sarcopenic obesity (BMI > 27 kg/
m2 in conjunction with diminished HGS or reduced leg 
circumference) [43]. This pattern, elucidating the associa-
tion between diminished HGS and the occurrence of falls 
among older adults, irrespective of pre-existing health 
conditions, is similarly corroborated by findings in inter-
national research studies. In a longitudinal study which 
verified the association between HGS, gait speed and risk 
of serious falls in a community-dwelling older popula-
tion, 16,445 participants (75.29 ± 4.36 years) followed by 
4.0 ± 1.3 years, 1,533 had at least one serious, (involving 
hospital presentation) [37].

The current investigation has several strengths. As far 
as we know, this is the first national and international 
study that examines the odds ratio of low HGS for fall 
occurrence every five years of life in middle-aged and 
older adults. Additionally, we highlight the relevance of 
our findings in a representative population from a low-
to-middle-income country like Brazil. This emphasizes 
the importance of implementing a cost-effective and 
easily operable muscular strength monitoring tool, such 
as HGS, which holds potential as a predictive indicator 
for falls. This implies that HGS could be a crucial meas-
ure for fall monitoring in middle-aged and older adults, 
especially in low-to-middle-income countries. Another 
positive point is the sample size included a large range 
of ages and characteristics amplifying the generaliz-
ability of our findings. Despite all the research efforts in 
this study, there were still some limitations. Firstly, the 
cross-sectional design must be considered when inter-
preting the results of the study. Furthermore, although 
the ELSI-Brazil study provides self-reported data on 
health conditions, it was not the objective of our study 
to examine which health conditions may increase the 
risk of falling. Another limitation is the assessment of 
falls based on HGS. We utilized absolute values, which 

might misrepresent the strength of middle-aged and 
older adults with smaller body sizes [44]. This approach 
tends to categorize lighter and shorter individuals as hav-
ing low strength, potentially mischaracterizing those who 
maintain motor independence. Conversely, heavier and 
taller individuals might be underestimated in terms of 
their health risk [45]. To address this issue, considering 
allometry or power scaling to characterize the nonlinear 
relationship between HGS and body size could be ben-
eficial [44, 45]. However, our study did not explore this 
method, presenting a methodological constraint that 
requires further consideration.

Our findings reinforce the value of employing sim-
ple and quick measures, such as HGS assessments, to 
monitor falls in middle-aged and older adults. Geriatric 
healthcare professionals can use HGS data to identify 
high-risk groups, tailor individualized interventions, 
and evaluate the effectiveness of these interventions. 
Additionally, public policies and health promotion pro-
grams can leverage this information to propose educa-
tional initiatives aimed at maintaining adequate HGS 
levels. Integrating this approach with technologies, such 
as smartphone apps, can enhance fall monitoring and 
prevention efforts within the population. For future 
research, we suggest carrying out the same experimental 
design in other nationalities and with other simple and 
quick measures (e.g., chair stand test, walking in 6 min, 
Short Physical Performance Battery). Moreover, longitu-
dinal studies could investigate if HGS is associated with 
falls over time.

Conclusion
Our study supports the hypothesis that low HGS is sig-
nificantly associated with occurrence of falls in adults 
aged ≥ 50 years regardless of sex and other confounding 
variables. We found that low HGS is associated with falls 
in adults starting from their 50 s and remained a strong 
measure associated with falls across each subsequent 
half-decade of life, up until before the 80 s. These results 
highlight the need to initiate monitoring of HGS in adult-
hood, particularly from the age of 50 onwards to mitigate 
the likelihood of falls that occur with aging.

Abbreviations
HGS  Handgrip strength
ELSI-Brazil  Nationally representative Brazilian Longitudinal Study of Aging
BMI  Body mass index

Acknowledgements
Not applicable.

Authors’ contributions
All authors on this paper meet the four criteria for authorship as identified 
by the International Committee of Medical Journal Editors; all authors have 
contributed to the drafting or been involved in revising it, reviewed the final 
version of this manuscript before submission, and agree to be accountable for 
all aspects of the work. Conceptualization and Methodology: A.P. Santos, J.F.C. 



Page 9 of 10dos Santos et al. Archives of Public Health          (2024) 82:172  

Cordeiro, J. Mota, D.R.L. Machado. Formal Analysis: A.P. Santos, L.S.L da Silva, 
P.P. Abdalla. Funding Acquisition: A.P. Santos. Investigation: A.P. Santos, M.F. 
Tasinafo-Júnior, A.C.R. Venturini, L. Bohn, E. Sebastião, A. Andaki, E.L. Mendes, 
P.M.J. Prado. Methodology: A.P. Santos, J.F.C. Cordeiro, J. Mota, D.R.L. Machado.

Funding
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior—Brasil 
(CAPES)—Finance Code 001. Grant number (88882.317622/2019–01), and 
from the Conselho Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq) Grant number (201126/2022–2). CIAFEL: (UIDB/00617/2020:https://
doi.org/10.54499/UIDB/00617/2020and UIDP/00617/2020:https://doi.
org/10.54499/UIDP/00617/2020). Foundation for Research Support of the 
State of Minas Gerais (FAPEMIG), Brazil [grant APQ-05247- 23], scholarship 
grand code (35857).

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
ELSI-Brazil was approved by the ethics board of FIOCRUZ, Minas Gerais (CAAE: 
34649814.3.0000.5091). Participants signed separate informed consent forms 
for the interviews and physical measurements, and access to administrative 
records.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Faculty of Sport of the University of Porto, Street Dr. Plácido da Costa 91, 
Porto 4200-450, Portugal. 2 College of Nursing of Ribeirão Preto, University 
of São Paulo, Ribeirão Preto, Brazil. 3 School of Physical Education and Sport 
of Ribeirão Preto, University of São Paulo, Ribeirão Preto, Brazil. 4 Study 
and Research Group in Anthropometry, Training and Sport, School of Physical 
Education and Sport of Ribeirão Preto, University of São Paulo, Ribeirão Preto, 
Brazil. 5 Human Exposome and Infectious Diseases Network (HEID), Ribeirão 
Preto, Brazil. 6 Center for Research in Sport, Physical Education, Exercise, 
and Health (CIDEFES), Lusófona University - University Center of Porto, Porto, 
Portugal. 7 Research Center in Physical Activity, Health and Leisure (CIAFEL) 
and Laboratory for Integrative and Translational Research in Population 
Health (ITR), Faculty of Sports, University of Porto, Porto, Portugal. 8 Depart-
ment of Health and Kinesiology, University of Illinois Urbana-Champaign, 
Urbana, United States. 9 Federal University of Triângulo Mineiro, Uberaba, 
Brazil. 10 Department of Education, Faculty of Education Sciences, University 
of Almería, Almería, Spain. 11 Centro de Investigación para el Bienestar y la 
Inclusión Social (CIBIS Research Center), SPORT Research Group (CTS-1024), 
Almería, Spain. 12 School of Education and Communication (ESEC), University 
of Algarve, Penha Campus, Faro, Portugal. 

Received: 23 April 2024   Accepted: 3 July 2024

References
 1. World Health Organization. Aging and health. 2022. Available from: 

https:// www. who. int/ news- room/ fact- sheets/ detail/ ageing- and- 
health. Accessed 15 Aug 2023

 2. Brazil. Censo of 2022. Available from: https:// censo 2022. ibge. gov. br/ 
panor ama/. Accessed 26 Sept 2024.

 3. Guo J, Huang X, Dou L, Yan M, Shen T, Tang W, et al. Aging and aging-
related diseases: from molecular mechanisms to interventions and treat-
ments. Signal Transduct Target Ther. 2022;7(1):391.

 4. Agostini D, Gervasi M, Ferrini F, Bartolacci A, Stranieri A, Piccoli G, Barbieri 
E, Sestili P, Patti A, Stocchi V, Donati ZS. An integrated approach to skeletal 

muscle health in aging. Nutrients. 2023;15(8):1802. https:// doi. org/ 10. 
3390/ nu150 81802.

 5. Clemson L, Stark S, Pighills AC, Fairhall NJ, Lamb SE, Ali J, et al. Environ-
mental interventions for preventing falls in older people living in the 
community. Cochrane Database Syst Rev. 2023;3(3):Cd013258.

 6. Salari N, Darvishi N, Ahmadipanah M, Shohaimi S, Mohammadi M. Global 
prevalence of falls in the older adults: a comprehensive systematic review 
and meta-analysis. J Orthop Surg Res. 2022;17(1):334.

 7. Elias Filho J, Borel WP, Diz JBM, Barbosa AWC, Britto RR, Felício DC. 
Prevalence of falls and associated factors in community-dwelling older 
Brazilians: a systematic review and meta-analysis. Cad Saúde Publica. 
2019;35(8):e00115718.

 8. Nascimento MdM. An overview of fall risk factors, assessment measures 
and interventions in older adults. Geriatr Gerontol Aging. 2018;12:219–24.

 9. Feil M, Gardner LA. Falls risk assessment: a foundational element of falls 
prevention programs. Pa Patient Saf Advis. 2012;9(3):73–81.

 10. Garber CE, Greaney ML, Riebe D, Nigg CR, Burbank PA, Clark PG. Physical 
and mental health-related correlates of physical function in community 
dwelling older adults: a cross sectional study. BMC Geriatr. 2010;10:6. 
https:// doi. org/ 10. 1186/ 1471- 2318- 10-6.

 11. Sayer AA, Kirkwood TB. Grip strength and mortality: a biomarker of age-
ing?. Lancet. 2015;386(9990):226–7.

 12. Bohannon RW. Grip strength: an indispensable biomarker for older adults. 
Clin Interv Aging. 2019;14:1681–91.

 13. Di Stefano V, et al. Motor conduction studies and handgrip in hereditary 
TTR amyloidosis: simple tools to evaluate the upper limbs. Front Neurol. 
2022;13:835812. https:// doi. org/ 10. 3389/ fneur. 2022. 835812. eCollection 
2022.

 14. Bohannon RW. Muscle strength: clinical and prognostic value of hand-
grip dynamometry. Curr Opin Clin Nutr Metab Care. 2015;18(5):465–70.

 15. Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A Jr, Orlandini 
A, et al. Prognostic value of grip strength: findings from the Prospective 
Urban Rural Epidemiology (PURE) study. Lancet. 2015;386(9990):266–73.

 16. McGrath RP, Kraemer WJ, Snih SA, Peterson MD. Handgrip strength and 
health in aging adults. Sports Med. 2018;48(9):1993–2000.

 17. McGrath R, Vincent BM, Jurivich DA, Hackney KJ, Tomkinson GR, Dahl LJ, 
et al. Handgrip strength asymmetry and weakness together are associ-
ated with functional disability in aging Americans. J Gerontol A Biol Sci 
Med Sci. 2021;76(2):291–6.

 18. Neri SGR, Lima RM, Ribeiro HS, Vainshelboim B. Poor handgrip strength 
determined clinically is associated with falls in older women. J Frailty 
Sarcopenia Falls. 2021;06(02):43–9.

 19. Wang Y, Huang Y, Chen X. The relationship between low handgrip 
strength with or without asymmetry and fall risk among middle-aged 
and older males in China: evidence from the China health and retirement 
longitudinal study. Postgrad Med J. 2023;99(1178):1246–52. https:// doi. 
org/ 10. 1093/ postmj/ qgad0 85.

 20. Moreland JD, Richardson JA, Goldsmith CH, Clase CM. Muscle weakness 
and falls in older adults: a systematic review and meta-analysis. J Am 
Geriatr Soc. 2004;52(7):1121–9.

 21. Benedetti TRB, Binotto MA, Petroski EL, Gonçalves LHT. Physical activity 
and prevalence of falls among elderly living in southern Brazil. Rev Bras 
Geriatr Gerontol. 2008;11:145–54.

 22. Carneiro JA, Ramos GCF, Barbosa ATF, Vieira ÉDS, Silva JSR, Caldeira AP. 
Falls among the non-institutionalized elderly in northern Minas Gerais, 
Brazil: prevalence and associated factors. Rev Bras Geriatr Gerontol. 
2016;19:613–25.

 23. Strandkvist V, Larsson A, Pauelsen M, Nyberg L, Vikman I, Lindberg A, et al. 
Hand grip strength is strongly associated with lower limb strength but 
only weakly with postural control in community-dwelling older adults. 
Arch Gerontol Geriatr. 2021;94:104345. https:// doi. org/ 10. 1016/j. archg er. 
2021. 104345.

 24. Lima-Costa MF, de Andrade FB, de Souza PRB Jr, Neri AL, Duarte YAO, 
Castro-Costa E, et al. The Brazilian longitudinal study of aging (ELSI-Brazil): 
objectives and design. Am J Epidemiol. 2018;187(7):1345–53.

 25. World Health Organization. Obesity: preventing and managing the global 
epidemic: report of a WHO consultation on obesity, Geneva, 3–5 June 
1997. Geneva: World Health Organization; 1998.

 26. Studensk S, Wolter L. Instabilidade e quedas. Duthie EH, Katz PR (organi-
zadores). Geriatria prática. 2002;3:193–200.

https://doi.org/10.54499/UIDB/00617/2020
https://doi.org/10.54499/UIDB/00617/2020
https://doi.org/10.54499/UIDP/00617/2020
https://doi.org/10.54499/UIDP/00617/2020
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://censo2022.ibge.gov.br/panorama/
https://censo2022.ibge.gov.br/panorama/
https://doi.org/10.3390/nu15081802
https://doi.org/10.3390/nu15081802
https://doi.org/10.1186/1471-2318-10-6
https://doi.org/10.3389/fneur.2022.835812
https://doi.org/10.1093/postmj/qgad085
https://doi.org/10.1093/postmj/qgad085
https://doi.org/10.1016/j.archger.2021.104345
https://doi.org/10.1016/j.archger.2021.104345


Page 10 of 10dos Santos et al. Archives of Public Health          (2024) 82:172 

 27. de Souza MB, de Souza Andrade AC, Lustosa Torres J, de Souza BL, de 
Carvalho BA, de Melo Mambrini JV, et al. Nationwide handgrip strength 
values and factors associated with muscle weakness in older adults: 
findings from the Brazilian longitudinal study of aging (ELSI-Brazil). BMC 
Geriatr. 2022;22(1):1005.

 28. Studenski S. Gait speed and survival in older adults. JAMA. 2011;305(1):50.
 29. Thomas JC, Odonkor C, Griffith L, Holt N, Percac-Lima S, Leveille S, et al. 

Reconceptualizing balance: attributes associated with balance perfor-
mance. Exp Gerontol. 2014;57:218–23.

 30. Muollo V, Tatangelo T, Ghiotto L, Cavedon V, Milanese C, Zamboni M, 
et al. Is handgrip strength a marker of muscle and physical function of 
the lower limbs? Sex differences in older adults with obesity. Nutr Metab 
Cardiovasc Dis. 2022;32(9):2168–76.

 31. Tatangelo T, Muollo V, Ghiotto L, Schena F, Rossi AP. Exploring the associa-
tion between handgrip, lower limb muscle strength, and physical func-
tion in older adults: a narrative review. Exp Gerontol. 2022;1(167):111902.

 32. Luukinen H, Koski K, Hiltunen L, Kivela SL. Incidence rate of falls in an 
aged population in northern Finland. J Clin Epidemiol. 1994;47:843e850.

 33. Johansson J, Nordström A, Nordström P. Greater fall risk in elderly women 
than in men is associated with increased gait variability during multitask-
ing. J Am Med Dir Assoc. 2016;17(6):535–40.

 34. Boyd R, Stevens JA. Falls and fear of falling: burden, beliefs and behav-
iours. Age Ageing. 2009;38(4):423–8.

 35. Yamada M, Kimura Y, Ishiyama D, Otobe Y, Suzuki M, Koyama S, et al. 
Combined effect of lower muscle quality and quantity on incident falls 
and fall-related fractures in community-dwelling older adults: a 3-year 
follow-up study. Bone. 2022;162.

 36. Lopez-Bueno R, Andersen LL, Koyanagi A, Nunez-Cortes R, Calatayud J, 
Casana J, et al. Thresholds of handgrip strength for all-cause, cancer, and 
cardiovascular mortality: a systematic review with dose-response meta-
analysis. Ageing Res Rev. 2022;82:101778. https:// doi. org/ 10. 1016/j. arr. 
2022. 101778.

 37. Pham T, McNeil JJ, Barker AL, Orchard SG, Newman AB, Robb C, et al. 
Longitudinal association between handgrip strength, gait speed and 
risk of serious falls in a community-dwelling older population. PLoS One. 
2023;18(5):e0285530. https:// doi. org/ 10. 1371/ journ al. pone. 02855 30. 
eCollection 2023.

 38. Villamizar-Pita PC, Angarita-Fonseca A, de Souza HCD, Martínez-Rueda 
R, Villamizar García MC, Sánchez-Delgado JC. Handgrip strength is 
associated with risk of falls in physically active older women. Health Care 
Women Int. 2022;43(10–11):1301–14. https:// doi. org/ 10. 1080/ 07399 332. 
2022. 20557 59.

 39. Wahba H, Abdul-Rahman S, Mortagy A. Handgrip strength and 
falls in community-dwelling Egyptian seniors. Adv Aging Res. 
2013;02(04):109–14.

 40. Arvandi M, Strasser B, Volaklis K, Ladwig K-H, Grill E, Matteucci Gothe R, 
et al. Mediator effect of balance problems on association between grip 
strength and falls in older adults: results from the KORA-age study. Geron-
tol Geriatr Med. 2018;4:233372141876012.

 41. de Oliveira FV, de Souza MB, de Melo GASC, de Avelar NCP, Costa HS, de 
Carvalho BA. Factors associated with fear of falling in older women with 
knee osteoarthritis: a cross-sectional study. Geriatr Nurs. 2024;55:333–8.

 42. Rodrigues RG, Dalboni MA, Correia MDA, Dos Reis LM, Moyses RM, Elias 
RM. Calf circumference predicts falls in older adults on hemodialysis. J 
Ren Nutr. 2023;33(2):363–7.

 43. Maranhao Neto GA, Oliveira AJ, Pedreiro RC, et al. Normalizing handgrip 
strength in older adults: an allometric approach. Arch Gerontol Geriatr. 
2017;70:230e234.

 44. Pua Y-H. Allometric analysis of physical performance measures in older 
adults. Phys Ther. 2006;86:1263e1270.

 45. Abdalla PP, Carvalho AS, Santos AP, et al. Cut-off points of knee extension 
strength allometrically adjusted to identify sarcopenia risk in older adults: 
a cross-sectional study. Arch Gerontol Geriatr. 2020;89:104100. https:// doi. 
org/ 10. 1016/j. archg er. 2020. 104100.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.arr.2022.101778
https://doi.org/10.1016/j.arr.2022.101778
https://doi.org/10.1371/journal.pone.0285530
https://doi.org/10.1080/07399332.2022.2055759
https://doi.org/10.1080/07399332.2022.2055759
https://doi.org/10.1016/j.archger.2020.104100
https://doi.org/10.1016/j.archger.2020.104100

	Low handgrip strength is associated with falls after the age of 50: findings from the Brazilian longitudinal study of aging (ELSI-Brazil)
	Abstract 
	Aim 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	ELSI-Brazil
	Study design
	Data collection
	Sociodemographic and anthropometric variables
	Falls
	Handgrip strength
	3-m Gait speed test
	Balance test

	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


