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Objective

To investigate the association between various chronic diseases, multimorbidity, and handgrip strength in
community dwelling older adults in Southern Brazil.

Methods

A cross-sectional study  carried out with 477 older adults (60 years and older) who resided in Antônio Carlos,
Santa Catarina state. Subjects aged 60-79 years were selected by probability sampling (n=343) and all subjects
aged 80 years or older (n=134) were evaluated. Chronic diseases were identified by self-report. A mechanical
dynamometer verified handgrip strength (i.e., the outcome). Adjustments variables were age, literacy, living
arrangement, smoking, body mass index, cognitive function, and comorbid chronic diseases. Sex-stratified
analyses were conducted with simple and multiple linear regression.

Results

A total of 270 women (73.2±8.8 years) and 207 men (73.3±9.0 years) were assessed. In the adjustment analysis,
cancer (β=-3.69; 95%CI=-6.97 to -0.41) and depression (β=-1.65; 95%CI=-3.20 to -0.10) were associated
with lower handgrip strength in women. For men, diabetes (β=-5.30; 95%CI=-9.64 to -0.95), chronic lung
disease (β=-4.74; 95%CI=-7.98 to -1.50), and coronary heart disease (β=-3.07; 95%CI=-5.98 to -0.16) were
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associated with lower handgrip strength values. There was an inverse trend between number of diseases and
handgrip strength for men only.

Conclusion

The results showed an independent association between chronic diseases and handgrip strength. As such,
handgrip strength is a valid measure to use for prevention or intervention in chronic disease and multimorbidity.

Keywords: Aging. Chronic disease. Hand strength.

R E S U M O

Objetivo

Analisar associação entre doenças crônicas, multimorbidade e força de preensão manual em idosos de uma
comunidade do Sul do Brasil.

Métodos

Estudo epidemiológico, transversal, de base populacional e domiciliar, realizado com 477 indivíduos com idade
a partir de 60 anos, residentes em Antônio Carlos, Santa Catarina. Os idosos de 60 a 79 anos foram selecionados
por amostragem probabilística (n=343), e todos os indivíduos com 80 anos ou mais (n=134) foram avaliados.
As doenças crônicas foram identificadas por autorrelato. A força de preensão manual (desfecho) foi mensurada
por meio de dinamômetro mecânico. As variáveis de ajuste foram idade, escolaridade, arranjo familiar, tabagismo,
índice de massa corporal, estado cognitivo e doenças crônicas. As análises, estratificadas por sexo, foram
realizadas por meio de regressão linear simples e múltipla.

Resultados

Foram avaliados 270 mulheres (73,2± 8,8 anos) e 207 homens (73,3± 9,0 anos). Na análise ajustada, câncer
(β=-3,69; IC95%=-6,97 a -0,41) e depressão (β=-1,65; IC95%=-3,20 a -0,10) foram associados à menor força
de preensão manual nas mulheres. Para os homens, diabetes (β=-5,30; IC95%=-9,64 a -0,95), doença pulmonar
(β=-4,74; IC95%=-7,98 a -1,50) e doença coronariana (β=-3,07; IC95%=-5,98 a -0,16) foram associados a
menor força de preensão manual. Houve tendência inversa entre número de doenças e força de preensão
manual apenas para os homens.

Conclusão

Os resultados mostraram associação independente entre doenças crônicas e força de preensão manual. Sendo
assim, a força de preensão manual é uma medida válida para ser utilizada na prevenção ou na intervenção das
doenças crônicas e nas multimorbidades.

Palavras-chave: Envelhecimento. Doença crônica. Força da mão.

I N T R O D U C T I O N

The multimorbidity or simultaneous
presence of disease of cognitive and physical
functional limitations1 is a common problem in
older adults. In Brazil, data from the 2003 Brazilian
National Household Sample Survey showed that
75.5% of Brazilian older adults had at least one
chronic disease and 64.4% had more than one
disease2.

In older adults, the presence of chronic
diseases is associated with a reduction in muscle
strength3. It is suggested that multimorbidity may
create synergistic interactions between the

diseases, increasing the risk of reduced muscle

strength4. The mechanisms underlying this

relationship are still unclear. Nutritional depletion,

reduced physical activity, and inflammatory

condition5 are some of the potential factors that

mediate this relationship.

Handgrip strength is a tool that is used in

both a clinical and epidemiological context4,6. It

is a non-invasive, easy to use, and low cost method

for checking muscle function, with predictive

potential for the occurrence of chronic diseases3.

The handgrip strength is nutritional status
indicator6, a surrogate measurement of overall
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muscular strength7, and can be used for
nutritional risk assessment in hospitals6 and in
health surveillance4.

In Brazil, there are no population studies
that have assessed chronic disease, multimorbidity,
and handgrip strength in older adults. However,
the assumptions about these factors as predictors
of disability8, disease severity, and mortality9

indicate the importance of this research for the
development of public policies that strengthen
health services.  Thus, the aim of this study was
to investigate the association between chronic
disease, multimorbidity, and handgrip strength in
a community dwelling older adults from Southern
Brazil.

M E T H O D S

This is epidemiological cross-sectional
study based on data from a population and
household-based survey (“Effectiveness of health
actions, physical activity and nutrition among
older adults of the municipality of Antônio Carlos,
Santa Catarina”). The survey was carried out in
2010 and 2011 in the city of Antônio Carlos in
Southern Brazil.

In 2010, Antônio Carlos had 7,458
inhabitants, of which 914 (12.3%) were aged 60
or older. Approximately 70.0% of the population
lived on small farms. The human development
index of the municipality was 0.749 and electricity

reached 100.0% of households. Of all households,
29.4% had water plumbing, 52.8% had access
to water through a well or spring on their property,

and 17.8% accessed water in other ways10.
Access to primary health care is performed by a
basic health unit and three teams (composed of

a doctor, nurse, nursing assistants, and community
health workers) of the Family Health Program,
which attended to the entire population of the

county.

Details of the sample and population were
previously published11 and will be briefly described.
The population consisted of all persons aged 60

years or older (rural and urban) who were
registered at Family Health Program (n=917) in
2009.  For older adults (60-79 years) the sample
consisted of 343 individuals (error margin of
5.4%, prevalence of 50.0% for unknown outcome,
power test of 80.0% and sample loss of 15.0%)
selected by probability sampling, stratified by
Family Health Program area. All individuals aged
80 years and over were interviewed (n=134).
Exclusion criteria were lack of an appropriate
informant, inability to reach older adults after
three attempts on alternate days, and lack of
access to the residences because of the conditions
of the rural roads.

Data were collected during a home visit
by trained interviewers. For the collection of data,
a form based on the questionnaire of the Saúde,
Bem-Estar e Envelhecimento (SABE, Well-Being,
and Aging) survey was used. The SABE survey was
conducted in seven cities/countries in Latin America
and the Caribbean, including São Paulo/Brasil12.

The research Protocol nº 189/09 was
approved by the Ethics Committee on Research
in Human Beings from the Universidade Federal
de Santa Catarina.

The independent variables of the study
were self-reported chronic diseases and history
of falls in the previous year. The occurrence of
chronic diseases (yes/no) was identified through
the following question: “Has a doctor or nurse
ever told you that you have...” (hypertension,
diabetes, cancer, chronic lung diseases, coronary

heart disease, cerebrovascular disease, arthritis/
rheumatism/arthrosis, and depression). The
occurrence of falls (yes/no) was measured by the

question: “Did you fall in the past 12 months?”.

The handgrip strength (dependent variable)
was measured by a mechanical Dynamometer
(Takei Kiki Kogyio - TK 1201, Japan), adjusted

according to individual hand size. The test was
applied to the dominant hand as indicated by each
participant.

Adjustment variables were age, literacy
(both reading and writing [yes, no]), living
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arrangements (lives alone/lives accompanied),
smoking habits (never, former, and current). Body
Mass Index (BMI) was obtained from body mass
and height (BMI=body mass/[height]²), which
were measured by standard procedures13. When
interviewees were unable to obtain body mass or
height measurements (n=9) equations to estimate
body mass13 and height14 were used. Cognitive
function (normal/altered) was assessed using the
Mini-Mental State Examination (MMSE), according
to Bertolucci et al.15 criteria: ≤12 points, altered.

Means, standard deviations, and proportions
were used for descriptive analysis. Determination
of the differences between means was made
using the Student’s t test (continuous variables)
and the Chi-square test (categorical variables).

Simple and multiple linear regression and
95% Confidence Intervals (95%CI) verified the
association between various chronic diseases and
handgrip strength. We considered three regression
models for chronic disease and handgrip strength
association: 1) adjusted by age, literacy, and living
arrangements; 2) adjusted by age, literacy, living
arrangement, smoking habits, BMI, and cognitive
function, 3) elimination of the possible confounding
effect of comorbidities by adjusting the final
model for all other chronic diseases. Among the
adjustment variables, age and BMI were entered
in the models as continuous variables and the
others were entered as categorical variables.

In the trend analysis between the mean
handgrip strength values (kg/force) and number
of chronic diseases, we used multiple linear
regression adjusted for age, literacy, living
arrangement, smoking, BMI, and cognitive
function.

In all analyses, a significance level of 5%
was used. Data were double entered in Statistical
Package for the social Sciences (SPSS Inc.,
Chicago, Illinois, United States) 16.0 program and
the analyses were performed using Stata (Stata
Corporation, College Station, Texas, United
States) 11.0 software. The analyses were
weighted by poststratification weights to account
for the sampling design.

R E S U L T S

The study sample consisted of 477 older
adults (73.3±8.9 years). Of this population, 3.4%
(n=16) were physically unable to perform the
handgrip strength test, and one person (0.2%)
refused to perform the test.

The mean female age was 73.2±8.9 years
and the mean male age was 73.3±9.0 years. The
mean handgrip strength values were higher in
men (32.9±8.8 kg/force) than in women
(21.2±5.8 kg/force). This difference was significant
(p<0.001).

The prevalence of people who could read
and write (87.0%) and who had never smoked
(92.7%) was higher in women than in men. Men
were more likely to live accompanied (94.4%).
Hypertension, diabetes, arthritis/rheumatism/
arthrosis, depression, osteoporosis, and a history
of falls were more prevalent in women than in
men (Table 1).

The associations between various chronic
diseases and handgrip strength in women and
men are shown in Tables 2 and 3, respectively. In
the simple analysis, cancer, cerebrovascular
disease, and depression were associated with
lower handgrip strength in women. When the
adjustment variables were added to the model
(age, literacy, living arrangement, smoking, BMI,
and cognitive function), cancer, cerebrovascular
disease and depression remained associated with
handgrip strength. In the final model, after
adjusting for other chronic diseases, only cancer
(β=-3.69; CI95%=-6.97 to -0.41; p=0.028) and
depression (β=-1.65; CI95%=-3.20 to -0.10;
p=0.037) remained significant. For these chronic
diseases, the handgrip strength was almost 4%
lower when compared to the simple analysis
(Table 2).

In men (Table 3), the results of the simple
analysis showed that chronic lung disease and
coronary heart disease were associated with lower
handgrip strength. After adjusting for age, literacy,
living arrangement, smoking, BMI, and cognitive
function, chronic lung disease and coronary heart
disease remained significant, whereas diabetes
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Table 1. Characteristics of the study population, according sex. Antônio Carlos (SC), Brazil (2010-2011).

Literacy*

Yes

No

Living arrangement

Lives alone

Lives accompanied

Smoking

Never

Former/current

Altered cognitive function*

Disability - basic activities of daily living

Disability - instrumental activities of daily living*

Hypertension

Diabetes*

Cancer

Chronic lung disease

Coronary disease*

Cerebrovascular disease

Arthritis/rheumatism/arthrosis

Depression*

Osteoporosis

History of falls

Characteristics

158

49

13

194

80

127

16

42

72

124

23

15

24

58

17

42

53

8

39

n

76.2

23.8

05.6

94.4

39.3

60.7

06.6

21.9

32.9

59.1

12.1

07.0

11.6

25.9

07.6

21.8

26.9

04.1

15.8

%

Men (n=207)

235

34

52

218

253

17

39

83

146

218

66

10

29

80

22

105

98

82

87

n

87.0

13.0

18.8

81.2

92.7

07.3

11.9

29.9

51.5

80.7

25.2

04.1

10.6

28.4

07.7

40.1

36.7

32.1

31.4

%

Women (n=207)

<0.005

<0.001

<0.001

<0.056

<0.070

<0.001

<0.001

<0.001

<0.191

<0.753

<0.563

<0.984

<0.001

<0.035

<0.001

<0.001

p-value

Note: *Dropped data. p-value was calculated by Chi-squared test; p≤0,05 values are in bold.

Table 2. Linear regression analysis (simple and multiple) for each chronic disease and handgrip strength in women (n=262). Antônio

Carlos (SC), Brazil (2010-2011).

Hypertension

Diabetes

Cancer

Chronic lung disease

Coronary disease

Cerebrovascular disease

Arthritis/heumatism/arthrosis

Depression

Osteoporosis

History of falls

Variables

Note: Values in bold are statistically significant (p≤0.05).

Model 1: Age, literacy, living arrangement; Model 2: Age, literacy, living arrangement, smoking habits, nutritional status (body mass index),

cognitive function; Model 3: Ajusted for all the previous variables and other chronic diseases.

95%CI: 95% Confidence Interval.

-0.74

-1.02

-3.67

-1.22

-0.37

-3.55

-0.63

-1.56

-0.96

-1.47

-1.07; 2.55

-2.78; 0.73

-6.78;-0.56

-1.65;4.10

-1.93;1.19

-6.43;-0.66

-2.16;0.89

-3.11;-0.02

-2.55;0.63

-3.10;0.17

95%CIβ

Simple analysis

-0.82

-1.01

-3.52

-1.08

-0.13

-3.68

-0.82

-1.87

-0.67

-1.01

-0.99; 2.63

-2.74; 0.73

-7.11;0.08

-1.76;3.93

-1.65;1.40

-6.89;-0.46

-2.30;0.65

-3.37;-0.37

-2.24;0.90

-2.64;0.63

95%CIβ

Model 1

-0.25

-1.22

-3.47

-0.99

-0.29

-3.51

-0.87

-1.79

-0.73

-1.24

-1.71; 2.21

-3.00; 0.56

-6.96;0.03

-1.82;3.80

-1.80;1.23

-6.82;-0.21

-2.38;0.64

-3.29;-0.29

-2.32;0.85

-2.86;0.37

95%CIβ

Model 2

-1.00

-1.42

-3.69

-1.86

-0.92

-3.12

-0.26

-1.65

-0.40

-0.95

-2.05; 2.25

-3.27; 0.44

-6.97;-0.41

-0.84; 4.55

-0.56; 2.40

-6.52;0.28

-1.82; 1.29

-3.20;-0.10

-2.18;1.37

-2.63; 0.72

95%CIβ

Model 3

and hypertension also became significant. When
adjusting for other chronic diseases (model 3),
diabetes (β=-5.30; CI95%=-9.64 to -0.95;
p=0.017), chronic lung disease (β=-4.74;

CI95%=-7.98 to -1.50; p=0.004), and coronary
heart disease (β=-3.07; CI95%=-5.98 to -0.16;
p=0.039) remained associated with lower handgrip
strength (Table 3).
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Figure 1 shows the trend chart for the
number of chronic diseases and handgrip strength

for men and women. The analysis was adjusted
for age, literacy, living arrangement, smoking,
BMI, and cognitive function. In men with four or

more diseases, the handgrip strength was 4.5 kg/
force smaller compared to those with two to three
diseases (β=-2.26; CI95%=-4.35 to -0.17). There

was an inverse trend between the variables
(β=-4.24; CI95%=-6.34 to -2.15; p<0.001), but
only for men.

D I S C U S S I O N

In the present study, the associations
between various chronic conditions and lower
handgrip strength in men and women were
different. Cancer and depression were associated
with lower handgrip strength values in women.
For men, the diseases associated with handgrip
strength were diabetes, chronic lung disease, and
coronary heart disease. In addition, the number
of coexisting chronic diseases showed a significant
inverse trend among men.

The association between cancer and lower
handgrip strength values is still controversial.
Cheung et al.3 and Ihira et al.16 did not find an
association between handgrip strength and
cancer. However, Norman et al.6 showed that
malnourished cancer patients had a lower
handgrip strength. Differences in equipment,
assessment protocol, participant selection,
primary outcomes, and the disease stage may be
responsible for discrepancy between the two
study results. It is known that the occurrence of
cancer is related to alterations in the metabolism
of nutrients and hormonal changes, which can
result in cachexia and thus reduced muscle
strength17. Additionally, in the presence of cancer,
subclinical inflammation seems to participate in
the mechanisms of muscle strength reduction18.

Table 3. Linear regression analysis (simple and multiple) for each chronic disease and handgrip strength in men (n=196). Antônio

Carlos (SC), Brazil (2010-2011).

Hypertension

Diabetes

Cancer

Chronic lung disease

Coronary disease

Cerebrovascular disease

Arthritis/heumatism/arthrosis

Depression

Osteoporosis

History of falls

Variables

Note: Values in bold are statistically significant (p≤0.05).

Model 1: Age, literacy, living arrangement; Model 2: Age, literacy, living arrangement, smoking habits, nutritional status (body mass index),

cognitive function; Model 3: Ajusted for all the previous variables and other chronic diseases.

95%CI: 95% Confidence Interval.

-2.06

-3.16

-0.05

-6.21

-4.77

-4.35

-2.00

-0.77

-2.22

-2.82

-4.65; -0.53

-8.21; -1.89

-4.04;-4.14

-9.23;-3.20

-7.95;-1.60

-11.04;-2.33

-5.40;-1.40

-4.21;-2.67

-7.82;-3.38

-6.08;-0.44

95%CIβ

Simple analysis

-2.04

-4.81

-1.60

-3.38

-3.39

-3.65

-1.54

-1.37

-2.44

-0.21

-4.19; -0.11

-9.27; -0.34

-4.71;-1.51

-6.34;-0.42

-6.53;-0.25

-9.49;-2.20

-4.38;-1.29

-4.40;-1.66

-6.45;-1.56

-3.31;-2.89

95%CIβ

Model 1

-2.48

-5.39

-1.56

-3.59

-3.82

-3.68

-1.61

-1.47

-1.87

-0.24

-4.75;-0.20

-9.88;-0.89

-4.81;-1.68-

-6.60;-0.59

-7.02;-0.62

-9.34;-2.04-

-4.45;-1.23-

-4.46;-1.52-

-6.38;-2.64-

-3.28;-2.80-

95%CIβ

Model 2

-1.75

-5.30

-1.22

-4.74

-3.07

-1.02

-1.04

-0.29

-3.47

-0.68

-3.95; 0.44

-9.64;-0.95

-4.57; 2.13

-7.98;-1.50

-5.98;-0.16

-6.01; 3.97

-4.09; 2.00

-2.88; 2.29

-7.86; 0.92

-1.98; 3.34

95%CIβ

Model 3

Figure 1. Mean handgrip strength (kg) and number of chronic

diseases in men (n=196) and women (n=292) (trend

analysis graph). Antônio Carlos (SC), Brazil (2010-2011).

Note: Adjusted analysis for: age, literacy, living arrangement, smoking

habits, nutritional status (body mass index), cognitive function. Multiple

linear regression analysis.
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Some studies19,20 showed an association
between depression and lower handgrip strength
in women, as verified in this present investigation.
In contrast, other studies9,21 showed no such
association. The differences in the results of these
studies may be due to the methods used to
diagnose depression, variability in the equipment,
and the protocol for measuring handgrip strength.
Although depression has a multifactorial
background, it is known that individuals with
depression may have high concentrations of
proinflammatory cytokines Tumor Necrosis
Factor - alpha (TNF-α) and interleukin 622, which
have an impact on reduced muscle strength. In
addition, people with depression may feel less
motivated to perform the test.

The association between handgrip strength
and diabetes in men is consistent with previous
studies23,24. Insulin resistance can have an effect
on muscle weakness and produce a subsequent
reduction in muscle strength25. In the Stenholm
et al.26 study, long-term exposure to obesity was
associated with lower handgrip strength later in
life. Stenholm et al.26 suggested that this decrease
in strength can be indicative of inflammation and
alterations in glucose metabolism. However,
Cheung et al.3 found no association between
diabetes and handgrip strength. The divergence
between studies may be due to methodological
differences.

This study’s results showed that coronary
heart disease was associated with handgrip
strength in males, as shown previously27. In a
cohort study with 24.4 year follow-up27 that
evaluated 1,145,467 men, handgrip strength was
the best predictor for coronary heart disease.
According to Artero et al.28, lower insulin resistance,
reduced chronic inflammation, lower body
weight, and abdominal adiposity are some
mechanisms by which muscle strength can
improve the prognosis of coronary heart disease.

The observed association between chronic
lung disease and lower handgrip strength in men
is consistent with the literature4,29. Muscle
weakness appears to be a common problem in

patients with chronic lung disease. Impaired
physical condition as caused by chronic inactivity
can be an important factor in the loss of muscle
mass and strength. Some mechanisms that explain
the effect of chronic lung disease on muscle mass
are systemic hypoxia and increased levels of
proinflammatory cytokines (i.e., interleukin 6,
TNF-α, and C-reactive protein)30.

The negative relationship between the
number of comorbid conditions and handgrip

strength has also been identified in previous
studies3,4. It is believed that there may be synergistic
interactions between chronic diseases, which can

increase the risk of strength decline. Even though
fragility was not been evaluated in the present
study, handgrip strength is an important criterion

for the definition of this condition31. Both
handgrip strength3 and fragility31 are associated
with multimorbidity, enhancing the relationship

between chronic diseases and muscle function.
The exact contribution of multimorbidity in reduced
muscle strength still requires investigation. Further

studies are required to investigate the set of
diseases that may predispose the elderly declining
muscle strength and function4.

The results showed that the chronic

conditions associated with lower handgrip
strength in men and women were different;
Cheung et al.3 found similar results. Physiological
factors, especially those related to sex hormones,

may explain this difference. These factors have
mechanisms that are specific to each sex and may
have different effects on handgrip strength in men

and women3. In addition to biological factors,
socioeconomic differences between the sexes
have repercussions on the health of older adults32.
Since men and women have differences in health
conditions, the identification of specific care needs
for each sex allows the development of health
actions directed to real needs of older adults.

Study limitations include the cross-sectional
design and the use of self-reported information.
The instrument used to collect information on
chronic diseases did not allow for the investigation
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of disease stage, type, or severity of the diseases.
Study strengths include the fact that this was the
first Brazilian study to investigate the association
between chronic various diseases, multimorbidity,
and handgrip strength in older adults. The use of
a representative sample of older adults from the
municipality ensured the study’s external validity.
In the future, longitudinal studies are needed to
identify possible changes in muscle strength and
handgrip strength in older adults with chronic
diseases and multimorbidity.

C O N C L U S I O N

The results of this study indicate the
association between various chronic diseases,
multimorbidity, and handgrip strength differs by
sex. In women, cancer and depression are
associated with lower handgrip strength. In men,
diminished handgrip strength was associated with
coronary heart disease and chronic lung disease.
For men, there was an inverse trend between the
number of chronic diseases and handgrip strength.
Thus, handgrip strength is a valid measure for use
in prevention and intervention of chronic diseases
and multimorbidity. In addition, differences
between men and women show the importance
of tailoring healthcare programs by gender, since
the profile of the decline in muscle strength, as
well as chronic diseases, differs between the
sexes.
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