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Abstract
Background: Handgrip strength assessment is a simple, quick and lowcost measure, and the presence of low values is predictive of adverse health
outcomes such as institutionalization, hospitalization, and death. Weakness and
frailty are two intrinsically linked concepts. The need to identify the older adults
at risk, living in the community, has led to the development of multidimensional
instruments for use in primary health care. The identification of predictors of
adverse events is an added value for the referral, development, and planning of
appropriate and prompt interventions.
Aim: This study aimed to 1) explore the associations between the HGS
and the different variables studied and 2) verify whether the HGS assessment
is sufficiently robust to be systematically and routinely used in PHC to identify
older people potentially at risk of adverse events over one year.
Methods: 71 men and 103 women aged ≥65 years, community residents
and primary health care users, were assessed on different anthropometric
parameters, muscle strength and performance, and the perceived risk of
institutionalization, hospitalization, and death at one year using the Community
Risk Assessment Instrument. T-Test and Spearman correlation were used to
identify the relations between variables. To identify the relationship between
HGS and the presence or absence of concerns and the perceived risk of
institutionalization, hospitalization, and death, an age-adjusted analysis of
variance was performed.
Results: Handgrip strength shows significant negative correlations with
age, number of diseases, and muscle performance assessed by TUG for both
genders. It presents a significant association with problems in Mental State
for women (p=0.004), Medical State for men (p=0.025), and ADLs for both
genders (Men p=0.001; Women p=0.037). General practitioner perceived risk
shows a significant association with the risk of institutionalization (p=0.001) and
hospitalization (p=0.004) in women.
Conclusions: The associations found, lead us to suggest the use of
handgrip strength measurement as a routine assessment in primary health care
services, for preventively identifying people at risk of adverse events. Those
assessed as 'weak', taking into account the HGS value, would be targeted for
a more in-depth assessment and then referred to interventions designed to
respond to the identified problems.
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Abbreviations
HGS: Handgrip Strength; SD: Standard Deviation; PHC: Primary
Health Care; CARI: Community Assessment of Risk Instrument; GP:
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Background
The assessment of handgrip strength (HGS) is a simple, rapid,
low cost, feasible [1], reliable and stable (not visibly altered by acute
illness) [2], and its use is recommended for the assessment of muscle
strength, both in clinical [3] and research [4]. Muscle strength
increases until early adulthood reaching its peak at around 32 years of
age in both men and women, although men show higher mean values
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than women in all age groups [5], with reference values having to be
defined and stratified taking into account gender and age [6].
Given the European Working Group on Sarcopenia in Older
People (EWGSOP) recommendations, weakness can be defined
as strength value at least 2.5 standard deviations below the mean
reference value, increases markedly with age, reaching a prevalence
of 23% in men and 27% in women at 80 years of age [1,5]. The
presence of low muscle strength (weakness) is the first parameter for
the diagnosis of sarcopenia, a progressive and generalized skeletal
muscle disorder common among older adults [1]. Low HGS values
are a strong predictor of adverse outcomes such as greater functional
limitations [7,8], hospitalization[9-11], institutionalization [12], and
all causes of death [10-14], being a risk factor for the development
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of cardiovascular disease [15] and changes in cognitive functioning
[16,17]. Analyzing HGS as a continuous variable, for every 5% loss
of strength an increased risk of all-cause mortality is observed [13].

whether the HGS assessment is sufficiently robust to be systematically
and routinely used in PHC to identify older people potentially at risk
of adverse events over one year.

Weakness and frailty are two intrinsically linked concepts, the first
being part of the second [18], and the latest being more complex and
comprehensive. Frailty is conceptualized as a state of decline in the
functional reserves of multiple physiological domains, leading to an
impairment of the individual's ability to cope with stressful situations,
making the older adults more vulnerable [19-22], increasing the risk
of adverse outcomes. Frailty is very prevalent in the Portuguese
population aged 65 and over (frail 21.5% and pre-frail 54.3%) [23],
being higher than the average values found in Europe over the age of
60 (frail 15% and pre-frail 48%) [24], with weakness being the most
prevalent criterion when compared to the other criteria [23].

Methods

Therefore, the identification of predictors of adverse events is
an added value for the identification, development and planning of
appropriate and prompt interventions. However, most measures/
instruments are focused on specific areas like functionality,
sarcopenia, cognition, etc., and in most cases provide a fragmented
view of the individual, without stratifying/quantifying the associated
risk. These assessments are time-consuming and complex, especially
for application in a clinical context, although crucial for identification
and referral in the primary health care (PHC) services. Short screening
should be regularly used, leading to more in deep assessment when
needed.
The need to identify people at risk, living in the community, led
to the development of instruments that combine a multidimensional
assessment and the respective stratification of the risk of occurrence of
three adverse events: institutionalization, hospitalization, and death
[25]. The Community Assessment of Risk Instrument (CARI) assesses
the individual's functionality in three domains (mental, ADLs and
medical) and the ability of their care network to meet the identified
needs. Following this assessment, the general practitioner (GP)
identifies the perceived risk of institutionalization, hospitalization,
and death at one-year [26], where the presence of frailty, cognitive
impairment and functional status are perceived risk markers [27].
However, although the use of multidimensional assessment
instruments in PHC services is the ideal scenario, this implies prior
knowledge of the health and social condition of the person, which,
associated with the limited time and resources, may lead to some
limitations to its application. This fact led us to question whether the
use of a simple, quick and low-cost measure such as the HGS, which
is recognized as a predictor of various risks, does not require prior
knowledge of the individual and can be applied by different healthcare
professionals, has a significant relationship with the perceived risk of
adverse outcomes at one year assessed by the GP.
This fact led us to question whether the use of a simple, quick and
low-cost measure such as the HGS, which is recognized as a predictor
of various risks, does not require prior knowledge of the individual
and can be applied by different healthcare professionals, has a
significant relationship with the perceived risk of adverse outcomes
at one year assessed by the GP.
Therefore, with this study we aimed to: 1) explore the associations
between the HGS and the different variables studied and 2) verify
Submit your Manuscript | www.austinpublishinggroup.com

Design
The sample used in this study is part of a research project
conducted between 2014 and 2016, which aims to characterize the
needs of Portuguese primary healthcare users in the mental health
domain, living in the community, aged 65 or older [28]. The study
was approved by the Ethics Committee of the Regional Health
Administration of the North (Opinion no. 6/2014), and the research
protocol and procedures were developed according to the Declaration
of Helsinki. After a screening phase, where GPs identified individuals
who presented problems namely in the mental state domain,
individuals who agreed to participate in the study were assessed by
the researcher and their GP. The screening instrument used was the
Risk Instrument for Screening in Community, a reduced version of
the CARI, whose Portuguese version was validated by Santos et al
[29].
The first author conducted a face-to-face interview with all
participants who agreed to participate in the study, with the following
data being collected: socio-demographic data (age, sex, and education
level), height and weight, muscle strength, muscle function, and
frequency of physical activity.
Height and weight were measured using, respectively, a
stadiometer and a calibrated digital scale with a maximum capacity
of 150kg and a precision of 100g. Muscle strength was measured
using a calibrated handgrip strength device [dynamometer (Takei
dynamometer, T.K.K. 5401, Japan)]. Grip strength was tested 4
times, two on each hand, are performed alternately. The final score
corresponds to the average value of the highest values obtained on
each hand. Values ≤27kg for men and ≤16kg for women [1,5], were
considered to identify people with muscle weakness. Mobility/Muscle
function was evaluated using gait speed by the Timed “Up and Go”
test (TUG) [30]. The person must stand up from an armchair, walk
3m, turn around, walk back to the chair, and sit down. To assess
the frequency of physical activity was made an isolated question
“How often do you practice any of the following activities (dancing,
walking, farming, gardening…)?”, considering a 3-point scale: 1Never/Almost never, 2- One to four times a month, 3-Two or more
times a week.
In parallel, the GP identifies the diagnosis present in each
individual and, using CARI, assessed the perceived risk of occurrence
of institutionalization, hospitalization, and death in the following 12
months (Global risk score). With this instrument, the GP assesses
the existence (Yes) or not (No) of problems in 3 domains: Mental
State, Activities of Daily Living (ADLs), and Medical State, their
severity (mild, moderate, severe), and the caregiver network's ability
to respond to them (Can Manage/Carer strain/Some gaps/cannot
manage/Absence [25,26,31]. After the identification of the presence of
the problem, the GP should specify which problems are at the source
of that assessment (e.g. mobility, transfer, dressing, and others, are
items of ADLs Domain). In our study, we will only use data regarding
the identification of the presence (Yes) or absence (No) of concerns
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Table 1: Characterization of the sample by sex.
Men

Woman

n=71

n=103

75.30 (7.13)

74.83 (7.09)

0

9 (12.7%)

27 (26.2%)

1-4

53 (74.6%)

73 (70.9%)

≥5

9 (12.7%)

3 (2.9%)

16 (22.5%)

22 (21.4%)

One to four times a month

5 (7.0%)

14 (13.6%)

Two or more times a week

50 (70.4%)

67 (65.0%)

Nº of diseases Mean (SD)

4.59 (2.23)

4.76 (2.49)

0.649

78.41 (10.04)

70.55 (11.79)

< 0.001*

167 (0.61)

153 (0.07)

< 0.001*

Body Mass Index (Kg/m )Mean (SD)

28.19 (3.40)

29.99 (4.67)

0.004*

Time up an Go (TUG) (seconds)Mean (SD)

18.43 (12.22)

21.38 (12.09)

0.118

Handgrip strength (Kg)Mean (SD)

28.04 (8.76)

14.81 (4.67)

<0.001*

Not Weak: >27 to Men and >16 to Woman N(%)

37 (52.1%)

46 (44.7%)

Weak: ≤27 to Men and ≤16 to Woman N(%)

34 (47.9%)

57 (55.3%)

P
Age (years) Mean (SD)

0.675

Formal education (years) n(%)

0.008*

Frequency of Physical Activity n(%)
Never/almost never

Weight (Kg) Mean (SD)
Height (cm) Mean (SD)
2

0.395

0.333

n – number of subjects | SD – Standard deviation | *p≤0,050

in each domain, increasing the similarity of this instrument with
the RISC, a screening instrument similar to the CARI, which has
already been validated, and which does not include the subdivision
of each domain into sub-items [29]. Based on the assessment carried
out, the GP will assess the global perceived risk for the occurrence
of institutionalization, hospitalization, and death, in the following 12
months, scoring from 1 (Minimum/Rare) to 5 (Extreme/Sure). The
assessment of the perceived risk is based on two pillars: the level of
severity and the protective capacity of the care network [49,69]. To
facilitate analysis, the risk value assessed in the Global Risk Score
was identified as minimal/no risk if assessed as 1 or 2, or maximum/
no risk if assessed as 3 to 5 [27]. The GPs who participated in the
study were trained in the use of CARI by the project investigators.
The training of the researchers was carried out by the authors of the
assessment tool and took place on two separate occasions, in Cork
(Ireland) and Porto (Portugal), for a total of 16 hours.
Only the participants who met assessments in all the variables
studied were included.
Statistics
As the reference values of the HGS are stratified by sex [6], the
sample characteristics are presented stratified by sex, the sample
characteristics are presented in the same way. To compare both
genders, for the categorical variables (formal education, frequency
of physical activity, presence of weakness), relative frequencies were
used, using the chi-square test for comparison between groups. For
the continuous variables (age, number of diseases, weight, height,
BMI, TUG, HGS) mean and standard deviation (SD) was presented,
and a T-test was used for comparison of means.
After studying the normality of all continuous variables and
considering that most of them do not present a normal distribution,
Submit your Manuscript | www.austinpublishinggroup.com

it was decided to use Spearman's correlation coefficient for analyzing
the correlations.
To identify the relationship between HGS and the presence
or absence of concerns and perceived risk of institutionalization,
hospitalization, and death, was performed an age-adjusted analysis
of variance. The HGS variable fitted the normal distribution for both
genders, as well as it was confirmed, in general, the existences of
homogeneity of variances through the Levene test.
Data were treated with IBM SPSS software version 27.0 (IBM
Corporation, New York, USA). A 5% significance level (p ≤ 0.05) was
considered to determine statistically significant associations.

Results
The sample is composed of 174 individuals, 103 women (56.1%)
and 71 men, with a mean age of approximately 75 years for both
genders (Table 1). There is a significant difference in the years
of education attended by men and women (p=0.008), being the
illiteracy rate approximately double in women when compared to
men (26.2% vs 12.7%). Regarding the practice of physical activity, the
data obtained do not present significant differences between men and
women. It should be noted that the majority of the participants in
the study (70.4% men and 65.0% women) state that they engage in
physical activity 2 or more times per week. Women have a slightly
higher mean number of diseases than men (4.76 SD: 2.49 vs 4.59 SD:
2.23), although this is not a significant difference.
Concerning weight and height, and as expected, there are
significant differences between men and women, as well as in BMI.
Regarding the assessment of muscle function through the TUG, the
time required to perform the test is longer in women when compared
to men, although not significant. Regarding the muscular weakness
J Fam Med 9(4): id1302 (2022) - Page - 03
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Table 2: Correlations between handgrip strength and others variables.
Men (n=71)

Women (n=103)

Spearman ρ

Spearman ρ

p

*

-0.248

0.012*

-0.234

0.017*

-0.025

0.800

p

Age (years)

-0.342

0.004

Nº of diseases

-0.287

0.015*

Weight (Kg)

0.247

0.038*
*

Height (m)

0.479

<0.001

0.130

0.190

Body mass index (Kg/m2)

-0.048

0.689

-0.085

0.393

Time up & Go (seconds)

-0.520

-0.471

<0.001*

<0.001

*

n – number of evaluations | ρ – Spearman correlation | p ≤0.050
*

Table 3: Relation between HGS and GPs evaluation for existence of concerns in CARI Domains.
Handgrip strength1
Men (n=71)
Presence of Concern
Mental State

ADLs

Medical State

No

n (%)

Mean (CI 95%)

20 (28.2)

29.97 [26.25-33.69]

Yes

51 (71.8)

27.29 [24.96-29.61]

No

42 (59.1)

30.88 [28.43-33.33]

Yes

29 (40.8)

23.93 [20.95-26.92]

No

14 (19.7)

32.50 [28.18-36.82]

Yes

57 (80.3)

26.95 [24.81-29.09]

Women (n=103)
ηp2

p

0.021

0.227

0.151

0.001*

0.072

0.025*

n (%)

Mean (CI 95%)

22 (21.49)

17.14 [15.37-18.91]

81 (78.6)

14.19 [13.27-15.11]

50 (48.5)

15.77 [14.55-16.99]

53 (51.5)

13.92 [12.73-15.11]

9 (8.7)

16.02 [13.13-18.91]

94 (91.3)

14.70 [13.81-15.59]

ηp2

p

0.079

0.004*

0.043

0.037*

0.007

0.391

n – number of evaluations | CI - Confidence Interval | ηp2 - Partial Eta Squared (Small effect: 0.01; Medium effect: 0.06; Large effect: 0.14) | *p≤0.050|
Values adjusted to age

1

evaluated through the HGS, there is a significant difference between
the results obtained by men and women, for men was 28.04Kg (SD:
8.76) and for women was 14.81Kg (SD: 4.67). When we classify the
individuals as "Weak" or “Not weak" considering the cut-off values
defined for the HGS (“Weak”: ≤27kg for men and ≤16kg for women)
[1,5], we verify that 55.3% of the women are below that value, contrary
situation to what is observed in men.
As expected, age shows a significant negative correlation with
HGS (ρ=-0.342 in men and ρ=-0.248 in women), as well as the
number of diseases (ρ=-0.287 in men and ρ=-0.234 in women) and
physical performance assessed by TUG (ρ=-0.520 in men and ρ=0.475 in women) (Table 2).
Weight and height only shows a significant correlation in men
(ρ= 0.247 in weight and ρ= 0.479 in height). The correlation with BMI
is not significant in either gender.
Table 3 shows the relationships between the mean values obtained
for the HGS and the presence of problems in mental state, ADLs, and
Medical state. In general, lower mean values are identified for the
group of people having problems in the three domains.
The difference between the means of the two groups is significant
in the Mental State for women (p=0.004), in the Medical State for men
(p=0.025), and in the ADLs for both genders (Men p=0.001; Women
p=0.037). In addition to the p-value, it is important to report the
effect size on the variation of the HGS means. Considering the cutoff values for the Partial Eta Squared [32] we found a large difference
(ηp2=0.15, value greater than 0.14) between the mean values of HGS in
the ADLs domain in men. There is a medium effect when we analyze
the difference between the means in medical status in men (ηp2=0.07,
value greater than 0.06) and in mental status for women (ηp2=0.08,
Submit your Manuscript | www.austinpublishinggroup.com

value greater than 0.06) and a small effect between the means present
in the ADLs domain for women (ηp2=0.04, value less than 0.06).
About the perceived risk of adverse events in the following
12 months, those at risk present a lower mean HGS, with an
exception for men identified at risk of institutionalization. However,
these differences are only significant in the perceived risk of
institutionalization (p=0.001) and hospitalization (p=0.004) in
women (Table 4).
This fact is reinforced by the size of the difference between
the means of the two groups (presence versus absence of the
problem), with a medium to large effect for the perceived risk of
institutionalization (ηp2=0.11, value greater than 0.06) and a medium
effect for hospitalization (ηp2=0.08, value greater than 0.06) in women.

Discussion
According to Dodds et al [5] the prevalence of weakness increases
very rapidly in the older age groups, reaching about ¼ of people
at age 80. In our sample, this percentage is more than double in
women (55.3% vs 26%) and men (47.9% vs 23%). The mean HGS
values obtained are lower 2.26kg for men and 3.19kg for women
than those described for the Portuguese population aged 65 or over
(Men: 30.3±9.2 vs 28.04±8.76; Women: 18.0±5.4 vs 14.81±4.67) [33],
which might be related to the fact that the participants in our study
were identified at a screening stage as having mental health problems.
A recent meta-analysis, which included nine longitudinal studies,
confirmed the presence of consistent and positive associations
between linear rates of change in handgrip strength and changes in
cognitive functioning [17]. Therefore, taking into account that 71.8%
of men and 78.6% of women were identified as having problems in
the Mental State Domain, this fact may justify the low values found.
J Fam Med 9(4): id1302 (2022) - Page - 04
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Table 4: HGS and GPs evaluation of the perceived risk of adverse outcomes by GP at 1-year.
Handgrip strength1
Men (n=71)
Perceived Risk

n (%)

Mean (CI 95%)

No

56 (78.9)

27.87 [25.63-30.12]

Yes

15 (21.1)

28.67 [24.30-33.05]

Institutionalization
No

42 (59.2)

29.62 [27.07-32.17]

Yes

29 (40.8)

25.10 [22.67-28.85]

No

55 (77.5)

28.26 [25.97-30.55]

Yes

16 (22.5)

27.30 [22.91-31.70]

Hospitalization

Death

Women (n=103)
ηp2

p

0.002

0.748

0.050

0.062

0.002

0.707

n (%)

Mean (CI 95%)

69 (70.0)

15.86 [14.86-16.87]

34 (33.0)

12.70 [11.23-14.16]

66 (64.1)

15.79 [14.74-16.83]

37 (35.9)

13.09 [11.68-14.51]

74 (71.8)

15.34 [14.33-16.35]

29 (28.2)

13.50 [11.83-15.27]

ηp2

p

0.107

0.001*

0.081

0.004*

0.032

0.072

n – number of evaluations | CI - Confidence Interval | ηp2 - Partial Eta Squared (Small effect: 0.01; Medium effect: 0.06; Large effect: 0.14) | *p≤0.050|
1
Values adjusted to age

Lower HGS values are also associated with the presence of
multimorbidity (2 or more diseases simultaneously) [10,34,35], the
increased probability of men having 5 simultaneous diseases [34], and
women being 2.57 times (OR 95% CI:1.30-5.07, p=0.007) more likely
to have multimorbidity [36]. The average number of diseases is higher
than 4.5 in both genders, and multimorbidity is present in more than
87% of the sample, with 48% having 5 or more diseases (values not
shown). This variable shows a significant negative correlation with the
values obtained for the HGS (Men: ρ=-0.287; Women: ρ=-0.234). Our
results corroborate and strengthen the idea that the use of HGS may
play an important role in the early identification of multimorbidity.
The TUG shows a moderate negative significant correlation with
the HGS (men:ρ=-0.520; women:ρ=-0.471). This test aims to measure
general physical performance [1,30,37], and the values obtained in our
sample suggest a poor overall physical performance, given the need
for more time to complete it than the general Portuguese population
[38]. This fact was expected considering that the first part of the TUG
involves the transition from sitting to standing position, reflecting the
muscular strength of the lower limbs. Taking into account that HGS
correlates moderately with strength in other body compartments
[1,39] and the HGS values collected are low, strength in the lower
limbs should also be low, leading to greater difficulty in performing
the tasks inherent to the test. These results were verified by Porta et
al, especially in women, who indicate experiencing greater problems
in postural transitions [40]. The data for women in our study support
these findings, spending almost twice as long as the recommended
time for the 65-85 age group (21 vs 12 seconds) [41]. A factor that may
also be associated with the need for more time to complete the test,
maybe the presence of mental health concerns. As the existence of
cognitive impairments explained 25.8% of the variance in TUG scores
in a sample aged 70-99 years [42], these appear as a possible moderator
of physical performance when associated with age and gender [43]. In
a study whose purpose was to identify normative functional fitness
standards for the Portuguese older adults, men achieved the fitness
standards better than women, indicating a possible premature loss of
physical independence [44]. At the same time, the levels of physical
activity performed by women, especially activities with more intensity
(high) are related to better HGS values in women [45]. In our view,
these data reinforce the importance of developing and implementing
tailor-made physical activity interventions, especially for women.
Height and weight show a significant positive correlation with
HGS only in males, being the correlation with height moderate
Submit your Manuscript | www.austinpublishinggroup.com

(ρ=0.479) and low with weight (ρ=0.247). According to Samson et
al, weight and height have a significant influence on the differences
found in HGS between young and old people, the low values being
a partial consequence of changes in height and weight over time
[46]. However, variations associated with height may not guarantee
adjustments about HGS [6], as happens to women, where the average
height is 153cm and the standard deviation is ±0.07, with values very
similar across the sample.
The results obtained through individual and specific measures
such as the low values of muscular strength (weakness) and low
performance in muscular performance, may reflect a decline in
functionality and reinforce the idea that we are facing a pre-frailty
(presence of 1 or 2 of the following criteria weakness, unintentional
weight loss, self-reported exhaustion, slow walking speed, and
low physical activity) or frail population [18], potentially at risk of
adverse effects. However, being fragile may not necessarily imply that
you are at imminent risk of adverse events occurring. Risk reflects
the probability of a hazard happening and its impact if it does, so
managing it includes identification, assessment and response [47].
CARI allows the assessment of risk, taking into account the severity
of the problems identified and the protective ability or lack of it, of
the care network [25,27]. Taking into account that the GPs had no
previous access to the values obtained in the HGS measurement, the
perception of risk of institutionalization, hospitalization, and death
was assessed taking into account their knowledge of the individual
in the three domains assessed. As expected, the mean HGS values
were lower in individuals assessed as having problems in any of the
domains and for those assessed at risk, a result that may indicate a
good overall knowledge of their patients’ condition.
T
h e HGS values showed a significant relationship with the ADLs
domain in both genders. The relationship found between the HGS
and the ADLs domain was expected taking into account that this
domain reflects the functional capacity through the performance
of basic and instrumental ADLs. Low HGS may affect the ability to
perform the tasks inherent to personal care, feeding, communication,
among others, which increases functional decline. These results
are in line with the results obtained in a prospective study carried
out over 15 years (Jerusalem Longitudinal Cohort Study), where it
was concluded that low HGS values predicted the subsequent onset
of ADLs dependence and cognitive problems at the follow-ups
performed [48]. In our sample, only in women, the relationship
between the HGS and the presence of problems in the Mental State
J Fam Med 9(4): id1302 (2022) - Page - 05
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Domain is significant. This may be related to the high prevalence
of illiteracy (26.2%) in women, approximately twice as high as in
men (12.7%). Illiteracy increases the possibility of having cognitive
problems by 2.92 times when compared to people with other levels
of education [49]. At the same time, the cumulative effect of muscle
weakness (higher prevalence in women) and BMI values that suggest
the presence of overweight (higher prevalence in women), may
indicate a deterioration of cognitive status [50] and frailty [23]. This
fact reaffirms the idea that the sample studied may be in a state of prefragility as had already been mentioned concerning the HGS values.
Being frailty is more prevalent in women [24], with weakness
being the most prevalent criterion of frailty [23,51] and sarcopenia
[52,53] in the Portuguese population aged ≥65 years. These findings
may justify the fact that the association between HGS and the risk of
institutionalization and hospitalization is significant only for women,
where 33% as being at risk of institutionalization, and of these 76.5%
(≤16Kg) have muscle weakness (value unknown by the GP as pointed
above). In a prospective study that aimed to analyze the association
of variables such as frailty with the risk of institutionalization (10
and 18-year follow-up), being woman and pre-fragile significantly
increased the risk of institutionalization by 1.85 times during the 18year follow-up, with the effective percentage of institutionalization
for women being higher than for men (48.9% vs 30.2%) [54].
Considering the strong relationship between low HGS and functional
decline [8,55,56] and the development of dependence on ADLs [16],
and also between this and the increased risk of hospitalization at one
year [57], we would expect the existence of a significant relationship
between HGS and the perceived risk of hospitalization, however, this
was only true for women. Low muscle strength is associated with an
increased risk of hospitalization in the mid-term [9,11,58], as well as
an increased length of hospitalization [59]. In addition to these facts, a
study in a Portuguese Hospital Centre (Porto) revealed increased costs
between 16.6-20% (356 to 428 euros per hospitalization) for those
with lower HGS values (1st and 2nd quartile) at hospital admission
[60]. In our sample, 36% of women were assessed by their GP as being
at risk of hospitalization, and of these, 76% of women were assessed as
weak. This high percentage reflects the perception of an imminently
frail and dependent female population, with a high number of
diseases susceptible to acute changes that imply hospitalization [6163]. Women in our sample have a higher prevalence of problems in
mental status, ADLs, and physical status when compared to men.
This fact suggests a greater vulnerability to the occurrence of adverse
events, a fact verified in the risk assessment performed by the GPs
which shows statistically significant associations with the mean values
of HGS for institutionalization and hospitalization, only for women.
Although this study has some strength, such as the number of
participants, one of the main limitations relates to the fact that the
sample was not probabilistic, as it was conditioned by the GPs who
agreed to participate in the study. This fact may have introduced
a bias in the sample selection, which is minimized by the fact that
the patients were randomly assigned to the GPs, as well as the fact
that they were randomly selected from the whole Northern area of
Portugal. At the same time, the GPs' participation in CARI instrument
was around 57%, which limited the access to a wider sample. This
fact may be related to the daily workload or the lack of motivation or
interest in the instrument used. This issue should be further analyzed
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and explored to understand the reasons for the non-compliance of
the instrument.

Conclusions
The perceived risk of being or not being institutionalized and
hospitalized in the next 12 months showed a significant association
with the mean HGS values for women, which did not occur for men.
Also, the associations found with the problems identified by the GP in
the domain of ADLs in both genders, in the mental state for women
and in medical state for men, reinforce the importance of using
a simple, quick and effective measure such as the HGS, in primary
health care as a routine preventive assessment to screen people at risk
of adverse outcomes. Increasing age and related changes in health
status lead people to make more frequent use of health services, which
could facilitate the implementation of an annual HGS assessment
from the age of 65 years. People identified as being weak would be
referred for more in-depth assessment to identify the existence, or
not, of problems in different domains (e.g. CARI), and target them for
intervention focused on the problems identified. Referral to exercise
interventions/programs with a focus on improving functionality
should be an essential part of the interventions.
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