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Abstract: Background: The combination of multiple disease statuses, muscle weakness, and sarcope-
nia among older adults is an important public health concern, and a health burden worldwide. This
study evaluates the association between chronic disease statuses, obesity, and grip strength (GS)
among older adults in Taiwan. Methods: A community-based survey was conducted every 3 years
among older adults over age 65, living in Chiayi County, Taiwan. Demographic data and several
diseases statuses, such as diabetes mellitus, hypertension, cerebrovascular disease, cardiovascular
disease, and certain cancers, were collected using a questionnaire. Anthropometric characteristics
were measured using standard methods. Grip strength was measured using a digital dynamometer
(TKK5101) method. Results: A total of 3739 older individuals were recruited (1600 males and 2139 fe-
males) with the mean age of 72.9 years. The mean GS was 32.8 & 7.1 kg for males and 21.6 + 4.8 kg for
females. GS significantly decreased most in males with cerebrovascular disease (from 33.0—29.5 kg,
p < 0.001) and in females with diabetes mellitus (from 21.8—21.0 kg, p < 0.01). GS was highest in
older adults with obesity (body mass index > 27 kg/m?); however, there was no significant change
of GS as the disease number increased. Conclusion: Older adults who have two, rather than one or
greater than three chronic diseases, have significantly lower GSs than those who are healthy. Stroke
and CKD for males, and hypertension and diabetes for females, are important chronic diseases that
are significantly associated with GS. Furthermore, being overweight may be a protective factor for
GS in older adults of both sexes.

Keywords: disease status; weight status; grip strength; older adults

1. Introduction

Multimorbidity is commonly defined as the coexistence of two or more adverse health
conditions or diseases [1] and is an important issue among the ageing population. Its
prevalence is approximately one in four adults below age 65 and increases as age increases.
In the United States, three in four adults over age 65 have multimorbidity [2,3]. In Taiwan,
the prevalence of multimorbidity was around four in five people above 80 [4]. Meanwhile,
the ageing population increased significantly because of fertility decline and added residual
life. The condition of multimorbidity also grows with ageing, and it is associated with an
increased burden on healthcare costs [4,5]. Multimorbidity among older adults indicates a
serious and crucial challenge not only for patient care but also for the healthcare systems in
modern countries.
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For older adults, progressive physiological muscle weakness not only contributes
to age-related reductions in muscle capacity but also to declining neural activation [6];
muscle function and balance are more important than muscle mass [7]. Measurement
of grip strength (GS) is a simple, quantifiable, and portable method used for evaluating
the physical performance and nutritional status of older adults [8]. GS not only indicates
sarcopenia, but is also a convenient, objective goal to assess physical performance, and an
indispensable biomarker for all cause- and disease-specific mortality for older adults [9].
The aetiologies of sarcopenia include multiple complex factors, such as age-related hormone
reduction, declined physical activity, and possible changes in the metabolic system (such as
dysregulation of glucose metabolism [10] and the autonomic nervous system [11]). Apart
from the age-related physiologic decline, multimorbidity is also important. In the past,
the impact of GS on disease was usually discussed with a single chronic disease, such
as cardiovascular disease (CVD), diabetes mellitus (DM), cerebrovascular disease (CVA),
chronic kidney disease, or hypertension. Several recent studies investigated the impact of
GS on multimorbidity and reported an inverse association between them [12-17].

The purpose of this study was to evaluate the association between different disease
statuses and grip strength, as well as possible potential sex differences. We also examined
the change in grip strength in multiple disease statuses and different weight statuses
among elder adults in Taiwan. We also tried to identify GS in earlier stages and prevent
the condition from worsening if people have other chronic diseases.

2. Materials and Methods
2.1. Study Population

From 2017 to 2019, we conducted a series of community-based health surveys among
people age 65 or older, living in Chiayi County, Taiwan. The survey was conducted in
each county every 3 years. The inclusion criteria were adults, 65-85 years of age, and the
absence of infection or acute disorders within the last 3 weeks.

2.2. Questionnaire

Data on general demographics and lifestyle patterns (such as dietary pattern, status
of smoking, and alcohol intake) were collected using a standard structured questionnaire.
Disease statuses, such as diabetes mellitus, hypertension, CVD, CVA, chronic kidney
disease, hyperlipidaemia, and certain cancers, were also obtained from the questionnaire
and medical records. The participants were asked the following questions: “Did a doctor
tell you that you have a disease such as [name of the disease]? Have you regularly been
taking medications for chronic disease?”

2.3. Anthropometric Measurements

Anthropometric characteristics were measured using standard methods. Using a
standard beam balance scale, we measured the body weight (BW) of participants, who
were barefoot and wearing light indoor clothing, to an accuracy of 0.1 kg. Body height
(BH) was also recorded to the nearest 0.5 cm using a stadiometer. We calculated the BMI
as BW (kg) divided by the square of height (m?) and classified the BMI into the follow-
ing four categories: normal weight (18.5-24 kg/m?), overweight (24-26.9 kg/m?), and
obese (>27 kg/ mz), according to the definition of the Health Promotion Administration
in Taiwan.

2.4. Grip Strength Measurement

Grip strength was measured with a digital hand dynamometer (TKK 5101Grip D;
Takey, Tokio, Japan), which is a tool with an adjustable grip span, ranging from 3.5-7 cm
and weighing from 5-100 kg [18]. Its precision is 0.1 kg All participants were seated
following the procedure described by Espafia-Romero et al. [19], with their elbows fully
extended. Then, we measured the GS of either the right or left hand after 2-3 min of resting.
We recorded two GS measurements and calculated the mean value for the analyses.
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Grip strength (kg)

2.5. Approval by the Institutional Review Board (IRB)

All participants provided written informed consent as well as all information related
to the study, and agreed to provide their general demographic data, questionnaire answers,
anthropometric data, and blood samples. The IRB of Tri-service General Hospital approved
this study (Approval No.: TSGHIRB-1-108-05-073).

2.6. Statistical Methods

All statistical data were analyzed using SPSS version 22 (IBM Corporation, New York,
NY, USA). Continuous variables such as anthropometric measures and GS were described
by sample means and SDs. The differences between groups were compared by student
t-tests. For comparing subgroups and more than three groups, we used the analysis of
variance (ANOVA) test and post hoc test. Meanwhile, categorical variables were described
by number and percentage. We used chi-squared tests when comparing the differences
between two groups, and when comparing more than two groups. Multiple regression
analysis was applied to evaluate the relationship between grip strength and chronic disease
status. A two-tailed p value of less than 0.05 was considered statistically significant. Box
plots of GS among different disease statuses were drawn as illustrated in Figure 1.
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Figure 1. Box plots of grip strength among different disease statuses in the elderly.

3. Results

We recruited 3739 older respondents (1600 males and 2139 females), with a mean age
of 76 years (ranging from 65 to 85 years). Table 1 presents the general characteristics of
the participants. The mean age and GS were 72.9 £ 6.0 years and 32.8 & 7.1 kg for males
and 72.7 £ 6.0 years and 21.6 + 4.8 kg for females, respectively. Additionally, the most
predominant chronic disease in both sexes was hypertension (male: 43.2%; female: 44.5%)
followed by DM (male: 20.9%; female: 19.8%).
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Table 1. Distributions (mean + SD) of general characteristics and chronic disease status among study population (n = 3739).

Total Males Females
Variables (n =3739) (n =1600) (n =2139)
Mean + SD Mean + SD Mean + SD
Age (years) 729 + 6.0 732+ 6.1 72.7 + 6.0
Body height (cm) 155.8 + 8.2 162.4 + 6.0 150.9 £5.7
Body weight (kg) 60.9 4+ 10.6 65.8 = 10.1 571+94
BMI (kg/mz) 25.0 + 3.7 249 + 3.4 25.1 + 3.8
Grip strength (kg) 264 + 8.1 328+71 21.6 =438
Chronic disease (%)
CVD 15.4% 15.8% 15.1%
CVA 2.6% 3.9% 1.7%
Hypertension 43.9% 43.2% 44.5%
Hyperlipidemia 14.9% 13.7% 15.8%
DM 20.2% 20.9% 19.8%
All cancer 2.8% 3.3% 2.5%
CKD 3.1% 4.1% 2.4%
Disease status (%)
0 disease 36.7% 37.2% 36.4%
1 disease 35.6% 34.5% 36.5%
2 diseases 18.6% 18.6% 18.6%
>3 diseases 9.2% 9.7% 8.6%

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; CVA, cerebrovascular disease; DM, diabetes mellitus; CKD,

chronic kidney disease.

The distribution (mean £ SD) of age, BMI, and GS in different chronic diseases among
males (n = 1600) are presented in Table 2. Participants with hyperlipidaemia had the highest
BMI, while those without hypertension had the lowest. Participants without CVD and CVA
demonstrated the highest GS, whereas those with CVA had the lowest. Among these seven
specified chronic diseases, CVD, CVA, and CKD revealed a statistically significant decrease
in GS (p < 0.05, p < 0.001, and p < 0.01, respectively), while hypertension, hyperlipidaemia,
DM, and all cancer types demonstrated no statistical significance. GS decreased the most
among participants with CVA. Moreover, GS significantly decreased as the number of
diseases statuses increased (p < 0.05).

Table 3 presents the distribution (mean + SD) of age, BMI, and GS in different chronic
diseases among females (n = 2139). Participants with CVA had the highest BMI, while those
without hypertension had the lowest. Those participants with cancer (all types) had the
highest GS, whereas those with DM had the lowest. Among these seven specified chronic
diseases, cancer of all types revealed a statistically significant increase in GS (p < 0.01), while
CVD, hypertension, and DM demonstrated a statistically significant decrease (p < 0.05,
p <0.01 and p < 0.01, respectively). In addition, GS demonstrated no statistically significant
change in participants with CVA, hyperlipidaemia, and CKD. Furthermore, GS significantly
decreased as the number of diseases increased (p < 0.05).

Table 2. Age, BMI, and grip strength distributions (mean =+ SD) in different chronic disease statuses among male participants

(n =1600).
Age BMI GS
Variables Mean + SD Mean + SD Mean + SD
CVvD*$
No 73.0 £6.0 - 248 34 - 33.0+7.1 .
Yes 745 + 6.4 25.5 4+ 3.6 31.84+72
CVA
No 732 +6.1 249 + 34 33.0+7.1 -
Yes 74.3 £5.7 25.0 + 3.0 295+7.3
Hypertension
No 72.6 £59 - 243 +3.2 - 33.0+7.1
Yes 741+ 6.1 25.8 + 3.5 326+7.1
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Table 2. Cont.

Age BMI GS
Variables Mean + SD Mean + SD Mean + SD
Hyperlipidemia
No 733 t6.1 248 £ 3.4 - 328 +7.1
Yes 72.6 £5.6 26.0 3.4 331+£72
DM
No 734 +6.1 248 £3.4 - 33.0+£72
Yes 72.8 £ 6.1 25.6 + 3.5 3224+ 6.8
All cancer
No 732 +6.1 249 £ 34 328 +72
Yes 741 £ 6.0 248 £3.2 32.1+£6.7
CKD
No 73.1£6.0 - 249 +34 3294+71 "
Yes 76.0 £ 5.8 249 4+ 3.6 304 £74
Disease status
0 disease 72.6 £6.0 241+ 3.1 335+73
1 disease 734 +59 . 25.1 4+ 34 - 326 +7.0 .
2 diseases 740+ 6.3 254 + 3.6 322 +69
>3 diseases 73.8 £ 6.1 265+ 3.3 321+£73

Abbreviations: CVD, cardiovascular disease; CVA, cerebrovascular disease; DM, diabetes mellitus; CKD, chronic kidney disease.

$ Compared between with and without disease using the student t-test: * p < 0.05, ** p < 0.01, *** p < 0.001. ¥ Compared among
disease statuses using the ANOVA test: * p < 0.05, ** p < 0.01, *** p < 0.001.

Table 3. Age, BMI, and grip strength distributions (mean + SD) in different chronic disease statuses among female

participants (n = 2139).

Age BMI GS
Variables Mean + SD Mean + SD Mean + SD
CvD*$
No 725+59 - 25.0 4+ 3.8 21.7 £ 4.8 .
Yes 741 +£6.1 254 £+ 3.9 21.1+49
CVA
No 72.7 £6.0 25.1 4+ 3.8 . 21.6 4.8
Yes 73.6 £5.3 264 +4.1 216 £44
Hypertension
No 72.0 £5.7 - 244 4+ 3.6 - 219 4+49 "
Yes 73.6 £ 6.1 26.0 4.0 21.3+4.7
Hyperlipidemia
No 72.7 £6.0 25.0 & 3.9 . 21.6 4.8
Yes 72.7 £6.0 25.5 + 3.8 21.8 £5.1
DM
No 72.7 £ 6.0 250 + 3.8 - 21.8 £ 49 -
Yes 72.8 £5.7 25.6 + 3.9 21.0+45
All cancer
No 72.7 £ 6.0 25.1 + 3.8 21.6 +4.8 .
Yes 714 +£4.7 252 +42 23.1+57
CKD
No 72.7 59 - 251+39 21.6 + 4.8
Yes 747 £6.2 249 +£3.7 214 £52
Disease status
0 disease 71.8 £59 24.3 3.5 21.9 +4.8
1 disease 73.0 £59 - 253 £4.0 - 21.6 £4.9 .
2 diseases 73.5+59 25.9 + 3.9 21.2 +4.8
>3 diseases 73.6 £ 6.3 259 £+ 3.9 212+ 4.7

Abbreviations: CVD, cardiovascular disease; CVA, cerebrovascular disease; DM, diabetes mellitus; CKD, chronic kidney disease.

$ Compared between with and without disease using student t-tests: * p < 0.05, ** p < 0.01, *** p < 0.001. * Compared among disease

statuses using the ANOVA test: * p < 0.05, *** p < 0.001.
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The multiple regression coefficients for GS on chronic disease statuses, before and after
adjusting for the potential confounding factors with sex specification, are demonstrated in
Table 4. In the crude model (Model I), there was a statistically significant inverse association
with participants who had two diseases (the coefficient was —1.25 with p = 0.014 in males
and —0.78 with p = 0.008 in females) or more than three diseases (the coefficient was —1.39
with p = 0.030 in males and —0.76 with p = 0.056 in females) in both sexes. However,
it was only statistically significant in male participants with one disease (the coefficient
was —0.84 with p = 0.045), not females. After adjusting for age and BMI, the regression
coefficient (Model II) indicated a borderline inverse association when the participants had
two diseases (the coefficient was —0.89 with p = 0.051 in males and —0.51 with p = 0.068 in
females) or more than three diseases in males (the coefficient was —1.38 with p = 0.017).
However, no statistical significance was observed when the participants had only one
disease in both sexes, and more than three diseases in females.

Table 4. Multivariate regression coefficients of grip strength on chronic disease status before and after adjusting for

confounding variables with sex specifications.

Model It Model I1 ¥
B se 3 p-Value §) se B p-Value
Men(n = 1600)
1 disease/0 —0.84 0.42 0.045 —0.66 0.38 0.077
disease
2 diseases/0 ~1.25 0.51 0.014 ~0.89 0.45 0.051
disease
>3 diseases/0 ~1.39 0.64 0.030 ~138 0.58 0.017
disease
Women(n =
2139)
1 disease/0 ~0.32 0.24 0.193 —0.11 0.23 0.635
disease
2 diseases/0 078 0.30 0.008 —051 0.28 0.068
disease
=3 diseases/0 ~0.76 0.39 0.056 —0.46 0.37 0.216
disease

Abbreviations: 8, regression coefficient; se, standard error. * Model I: no adjustment. ¥ Model II: further adjusting for age and body

mass index.

Table 5 summarizes the distribution of GS among different chronic diseases statuses
and BMI statuses with sex specification. We divided the participants into three subgroups,
namely, BMI I (<24 kg/m?), BMI I (24-27 kg/m?), and BMI III (>27 kg/m?), to discuss
the association between GS and the number of chronic diseases among these subgroups.
In both sexes, obese (BMI III) had the highest GS, while normal weight (BMI I) had the
lowest. Furthermore, GS did not significantly change as the disease number increased in
the BMI III subgroup, in both sexes (p = 0.117 in males and p = 0.630 in females). However,
GS significantly decreased as the disease number increased in the BMI II subgroup for both
sexes (p = 0.009 in males and p = 0.026 in females). In the BMI I subgroup, GS demonstrated
either a borderline significant association or no significant association at all (p = 0.211 in
males and p = 0.042 in females).

Figure 1 demonstrates the minimum, maximum, median, and interquartile range of
grip strength among different disease statuses in the elderly, for both sexes. There is a
slight decrease in GS in those who had two chronic diseases.
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Table 5. Distributions (mean £ SD) of grip strength among different chronic diseases statuses and BMI status with sex

specification (n = 3739).

Grip Strength

BMI Status Males (n = 1600) Females (n = 2139)
Mean + SD Mean + SD

BMI I (<24) (n = 643) (n =897)

0 disease 320+7.1 21.3+44

1 disease 313+ 6.5 20.7 £ 4.5

2 diseases 30.9 + 6.0 203+ 44

>3 diseases 299 +77 20.0 =45
F =1.507 p=0211"1 F=2742 p=0042"

BMI II (24-27) (n =560) (n = 645)

0 disease 344472 224 +49

1 disease 33.1£6.9 22.1+49

2 diseases 320+ 6.6 21.0+4.9

>3 diseases 31.7+73 21.1+42
F =3.881 p=0.009 " F =3.096 p=0.026"

BMIIII (>27) (n =397) (n =597)

0 disease 359+74 229 £52

1 disease 340+73 224 +5.1

2 diseases 342 +8.0 22.1+5.0

>3 diseases 3344+7.0 223+ 5.1
F=1.979 p=0117"1 F=0.578 p=0630"

Abbreviations: BMI, body mass index (kg/m?); BMI I, BMI < 24 kg/m?; BMI II, BMIL: 24-27 kg/m?; BMI III, BMI > 27 kg/m?.
* Compared among disease status in the same sex and BMI status using the ANOVA test.

4. Discussion

With a rising ageing population, the health of older adults has become an important
issue not only in health systems but also as an economic burden in recent years. GS is
not only an objective marker but also a convenient tool to predict one’s functional status,
nutritional status, cognitive function, and activities of daily living (ADL) [20]. Lower GS
was inversely associated with all-cause mortality [21] but was especially associated with
cardiovascular and respiratory diseases and cancer [22].

Our study found that GS was inversely associated with multimorbidity among
community-dwelling people over age 65 in Taiwan, consistent with previous studies [12,14,15,17].
However, no statistical significance was observed when age and BMI were further ad-
justed in females. Nonetheless, the consistency of inverse relationships between GS and
multimorbidity in older adults of both sexes remains reliable.

This study has some strengths. First, the number of participants was large, which
strengthens the analyses of association. We also discussed the association between each
specific chronic disease and GS. Furthermore, we investigated the relationships of GS and
multimorbidity with three weight statuses (normal weight, overweight, and obesity). This
study is the first to investigate such association among an Asian population.

The negative association between sarcopenia and CVD has an evidence-based consen-
sus [23]. Furthermore, a bidirectional association was reported, indicating that sarcopenia
may lead to CVD and CVD may induce sarcopenia [23]. Our study also presented a consis-
tent result, that is, GS was significantly reduced in participants with CVD in both sexes.

Not surprisingly, GS decreased the most in older male participants with CVA. In
contrast, GS did not significantly change in females with CVA. However, in a previous
study, females had a poorer outcome of activity limitation (assessed from the modified
Rankin Scale) after having a stroke when compared to males [24], despite the relatively
low stroke incidence adjusted by age [25]. Our study may also have healthcare participant
bias because patients with severe stroke were usually bedridden, preventing them from
participating in our investigation.



Int. J. Environ. Res. Public Health 2021, 18, 7540 8of 11

As age increases, people with diabetes mellitus exhibit a more rapid loss of function
and muscle mass [26]. Many bidirectional relationships exist between diabetes and sar-
copenia [27], though the true pathophysiology remains unclear. The possible mechanism
included diabetes-related oxidative stress [28] and inflammation [29], accumulation of
advanced glycation end products [30], and increased insulin resistance [31]. Our study also
indicated that the GS trend declined in older males with diabetes mellitus but significantly
reduced in females with diabetes mellitus individually. No statistical significance was
observed in males, possibly because of limited questionnaire-related information (such as
the duration and control status of diabetes); nevertheless, the inverse association between
GS and diabetes mellitus remains consistent with previous studies [12,17,32].

Chronic kidney disease is highly associated with sarcopenia because of catabolic state—
related protein wasting, inflammation-related dysregulation of myostatin and activation of
the ubiquitin—proteasome system (caspase-3) [33]. In our study, GS significantly reduced
only in males with CKD. This sex difference is consistent with previously published
studies [34,35], but the true mechanism is still unclear. Further large-scale studies focusing
on the possible pathophysiology should be conducted.

Surprisingly, cancer was not associated with GS in males and demonstrated a signif-
icantly positive association in females in our study. This result is similar to a published
large-scale study (Prospective Urban—Rural Epidemiology study), which reported that
low muscle strength is associated with a low risk for cancer [36]. However, a reasonable
explanation remains unknown and may also be associated with participant bias. Hence,
further studies should be conducted, including discussion on the different types of cancer.

Identifying the ideal body weight for older adults is extremely challenging and re-
mains debatable. Older people with suitable excess weight may have a lower risk than
younger people [37,38]. Giovanni et al. recently conducted a large cross-sectional study
involving 3455 older individuals (over age 60) in Italy. Interestingly, their study results
revealed that older individuals with a higher BMI of 27.5-29.9 kg/m? (similar with BMI
III in our study) had a lower relative risk of developing comorbidity than those with a
BMI of 25.0-27.4 kg/m? (similar with BMI II) [39]. Our study also indicated similar results
(Table 5) wherein the older participants with a BMI beyond 27 kg/m? had a higher GS than
those with BMIs below 24 kg/m? and 24.0-27.0 kg/m? in both sexes. More interestingly,
GS indicated no difference even when the number of chronic diseases increased in older
participants with a BMI of 27 kg /m? or higher, in both sexes. These results could be justified
by the notion that older people with mild to moderate excess weight did not experience
malnutrition (abnormally low BMI), which can generally result in tooth loss, depression,
and severe illnesses. Hence, suitable excess weight may be a protective factor in older
adults; it may indicate good nutritional status in older adults even with multimorbidity.
However, further large-scale studies combining GS and appendicular muscle mass with
validated equations [40], and the percentage of fat and muscle are needed to prove and
emphasize this hypothesis.

This study also has some limitations. Firstly, false negatives are possible because
of the likelihood of including undiagnosed diseases and the bias of questionnaires and
questioning. Secondly, although we used the seven most frequent older adult diseases,
we ignored the potential impact of nutritional status and psychological disorders, such as
depression and anxiety. However, the relationship between GS and multimorbidity among
older populations with different weight statuses demonstrated in this study is still reliable.

5. Conclusions

In this study, grip strength was inversely associated with multimorbidity status in
the elderly, implying that we should consider the possibility of sarcopenia and muscle
weakness each time we assess an older adult with multiple chronic diseases, especially
CVD and CVA. Our results also support that body weight status and grip strength may
be important indicators of health status in older adults. Body weight and grip strength
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should be measured during follow-ups in older adults to prevent the development of
complications from such chronic diseases in later life.

Author Contributions: Conceptualization, C.-Y.C. and C.-H.L.; methodology, N.-F.C. and D.-M.W.;
software, N.-E.C. and D.-M.W.,; validation, C.-C.K.; formal analysis, N.-F.C. and D.-M.W.; inves-
tigation, C.-Y.C.; resources, C.-H.L.; data curation, N.-F.C. and D.-M.W.; writing—original draft
preparation, M.-H.L. and N.-E.C.; writing—review and editing, M.-H.L. and N.-F.C.; visualization,
C.-Y.C. and C.-H.L; supervision, N.-F.C. and C.-H.L.; project administration, M.-H.L. and N.-EC.; All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of Tri-service General
Hospital approved this study (Approval No.: TSGHIRB-1-108-05-073).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Please contact correspondence author to access available data.

Acknowledgments: The authors thank Tri-Service General Hospital, National Defense Medical
Center, Ministry of Science and Technology (MOST-108-2314-B016-033MY2), and the Teh-Tzer Study
Group for Human Medical Research Foundation for the support. The funders had no role in the
study design, data collection, analysis, decision to publish, or preparation of the manuscript.

Conflicts of Interest: No conflicts of interest.

References

1. Johnston, M.C,; Crilly, M.; Black, C.; Prescott, G.J.; Mercer, S.W. Defining and measuring multimorbidity: A systematic review of
systematic reviews. Eur. J. Public Health 2019, 29, 182-189. [CrossRef]

2.  King, D.E; Xiang, J.; Pilkerton, C.S. Multimorbidity Trends in United States Adults, 1988-2014. J. Am. Board Fam. Med. 2018, 31,
503-513. [CrossRef]

3.  Tinetti, M.E,; Fried, T.R.; Boyd, C.M. Designing health care for the most common chronic condition-multimorbidity. JAMA 2012,
307, 2493-2494. [CrossRef]

4. Hu, R.-H;; Hsiao, F-Y,; Chen, L.-].; Huang, P.-T.; Hsu, WW.-Y. Increasing age- and gender-specific burden and complexity of
multimorbidity in Taiwan, 2003-2013: A cross-sectional study based on nationwide claims data. BM] Open 2019, 9, e028333.
[CrossRef]

5. Uijen, A.A.; van de Lisdonk, E.H. Multimorbidity in primary care: Prevalence and trend over the last 20 years. Eur. |. Gen. Pract.
2008, 14 (Suppl. S1), 28-32. [CrossRef]

6.  Manini, TM,; Clark, B.C. Dynapenia and Aging: An Update. |. Gerontol. Ser. A 2011, 67A, 28-40. [CrossRef] [PubMed]

7. Bijlsma, A.Y,; Pasma, ].H.; Lambers, D.; Stijntjes, M.; Blauw, G.J.; Meskers, C.G.; Maier, A.B. Muscle Strength Rather Than Muscle
Mass Is Associated With Standing Balance in Elderly Outpatients. J. Am. Med. Dir. Assoc. 2013, 14, 493-498. [CrossRef] [PubMed]

8. Bohannon, RW. Hand-grip dynamometry predicts future outcomes in aging adults. . Geriatr. Phys. Ther. 2008, 31, 3-10.
[CrossRef] [PubMed]

9.  Bohannon, R.W. Grip Strength: An Indispensable Biomarker For Older Adults. Clin. Interv. Aging 2019, 14, 1681-1691. [CrossRef]

10. Kalyani, R.R.; Varadhan, R.; Weiss, C.O.; Fried, L.P.; Cappola, A.R. Frailty status and altered glucose-insulin dynamics. J. Gerontol.
Ser. A Biol. Sci. Med. Sci. 2012, 67, 1300-1306. [CrossRef]

11. Varadhan, R,; Chaves, PH.; Lipsitz, L.A.; Stein, PK.; Tian, J.; Windham, B.G.; Berger, R.D.; Fried, L.P. Frailty and impaired cardiac
autonomic control: New insights from principal components aggregation of traditional heart rate variability indices. J. Gerontol.
Ser. A Biol. Sci. Med. Sci. 2009, 64, 682—-687. [CrossRef]

12.  Cheung, C.-L.; Nguyen, U.-S.D.; Au, E.; Tan, K.C.; Kung, A.W. Association of handgrip strength with chronic diseases and
multimorbidity. AGE 2013, 35, 929-941. [CrossRef]

13.  Montes, M.C.; Bortolotto, C.C.; Tomasi, E.; Gonzalez, M.C.; Barbosa-Silva, T.G.; Domingues, M.R.; Bielemann, R.M. Strength and
multimorbidity among community-dwelling elderly from southern Brazil. Nutrition 2020, 71, 110636. [CrossRef]

14. Volaklis, K.A.; Halle, M.; Thorand, B.; Peters, A.; Ladwig, K.H.; Schulz, H.; Koenig, W.; Meisinger, C. Handgrip strength is
inversely and independently associated with multimorbidity among older women: Results from the KORA-Age study. Eur. |.
Intern. Med. 2016, 31, 35-40. [CrossRef]

15.  Welmer, A.-K.; Kareholt, I.; Angleman, S.; Rydwik, E.; Fratiglioni, L. Can chronic multimorbidity explain the age-related
differences in strength, speed and balance in older adults? Aging Clin. Exp. Res. 2012, 24, 480-489. [CrossRef] [PubMed]

16. Yorke, A.M,; Curtis, A.B.; Shoemaker, M.; Vangsnes, E. The impact of multimorbidity on grip strength in adults age 50 and older:

Data from the health and retirement survey (HRS). Arch. Gerontol. Geriatr. 2017, 72, 164-168. [CrossRef]


http://doi.org/10.1093/eurpub/cky098
http://doi.org/10.3122/jabfm.2018.04.180008
http://doi.org/10.1001/jama.2012.5265
http://doi.org/10.1136/bmjopen-2018-028333
http://doi.org/10.1080/13814780802436093
http://doi.org/10.1093/gerona/glr010
http://www.ncbi.nlm.nih.gov/pubmed/21444359
http://doi.org/10.1016/j.jamda.2013.02.001
http://www.ncbi.nlm.nih.gov/pubmed/23540951
http://doi.org/10.1519/00139143-200831010-00002
http://www.ncbi.nlm.nih.gov/pubmed/18489802
http://doi.org/10.2147/CIA.S194543
http://doi.org/10.1093/gerona/glr141
http://doi.org/10.1093/gerona/glp013
http://doi.org/10.1007/s11357-012-9385-y
http://doi.org/10.1016/j.nut.2019.110636
http://doi.org/10.1016/j.ejim.2016.04.001
http://doi.org/10.3275/8584
http://www.ncbi.nlm.nih.gov/pubmed/22961066
http://doi.org/10.1016/j.archger.2017.05.011

Int. J. Environ. Res. Public Health 2021, 18, 7540 10 of 11

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Dodds, R.M.; Granic, A.; Robinson, S.M.; Sayer, A.A. Sarcopenia, long-term conditions, and multimorbidity: Findings from UK
Biobank participants. J. Cachexia Sarcopenia Muscle 2020, 11, 62—68. [CrossRef]

Cadenas-Sanchez, C.; Sanchez-Delgado, G.; Martinez-Tellez, B.; Mora-Gonzalez, J.; L6f, M.; Espafia-Romero, V.; Ruiz, ].R.; Ortega,
E.B. Reliability and Validity of Different Models of TKK Hand Dynamometers. Am. J. Occup. Ther. 2016, 70, 7004300010p1-
7004300010p9. [CrossRef] [PubMed]

Espafia-Romero, V.; Ortega, F.B.; Vicente-Rodriguez, G.; Artero, E.G.; Rey, ].P; Ruiz, ].R. Elbow Position Affects Handgrip Strength
in Adolescents: Validity and Reliability of Jamar, DynEx, and TKK Dynamometers. J. Strength Cond. Res. 2010, 24, 272-277.
[CrossRef]

Taekema, D.G.; Gussekloo, J.; Maier, A.B.; Westendorp, R.G.].; de Craen, A.J.M. Handgrip strength as a predictor of functional,
psychological and social health. A prospective population-based study among the oldest old. Age Ageing 2010, 39, 331-337.
[CrossRef] [PubMed]

Kim, Y.; Wijndaele, K; Lee, D.-C.; Sharp, S.J.; Wareham, N.; Brage, S. Independent and joint associations of grip strength and
adiposity with all-cause and cardiovascular disease mortality in 403,199 adults: The UK Biobank study. Am. J. Clin. Nutr. 2017,
106, 773-782. [CrossRef]

Celis-Morales, C.A.; Welsh, P;; Lyall, D.M,; Steell, L.; Petermann, E; Anderson, J.; lliodromiti, S.; Sillars, A.; Graham, N.; Mackay,
D.F; et al. Associations of grip strength with cardiovascular, respiratory, and cancer outcomes and all cause mortality: Prospective
cohort study of half a million UK Biobank participants. BM] 2018, 361, k1651.

Afilalo, J.; Karunananthan, S.; Eisenberg, M.].; Alexander, K.P.; Bergman, H. Role of frailty in patients with cardiovascular disease.
Am. . Cardiol. 2009, 11, 1616-1621. [CrossRef]

Gall, S.; Phan, H.; Madsen, T.E.; Reeves, M.; Rist, P.; Jimenez, M.; Lichtman, J.; Dong, L.; Lisabeth, L.D. Focused Update of Sex
Differences in Patient Reported Outcome Measures After Stroke. Stroke 2018, 49, 531-535. [CrossRef]

Cordonnier, C.; Sprigg, N.; Sandset, E.C.; Pavlovic, A.; Sunnerhagen, K.S.; Caso, V.; Christensen, H. Stroke in women—From
evidence to inequalities. Nat. Rev. Neurol. 2017, 13, 521. [CrossRef]

Celis-Morales, C.A.; Petermann, F.; Hui, L.; Lyall, D.M.; Iliodromiti, S.; McLaren, J.; Anderson, J.; Welsh, P.; Mackay, D.E; Pell,
J.; et al. Associations between diabetes and both cardiovascular disease and all-cause mortality are modified by grip strength:
Evidence from UK Biobank, a prospective population-based cohort study. Diabetes Care 2017, 40, 1710-1718. [CrossRef]
Mesinovic, J.; Zengin, A.; De Courten, B.; Ebeling, P.R.; Scott, D. Sarcopenia and type 2 diabetes mellitus: A bidirectional
relationship. Diabetes Metab. Syndr. Obes. Targets Ther. 2019, 12, 1057. [CrossRef]

Conley, K.E.; Jubrias, S.A.; Esselman, P.C. Oxidative capacity and ageing in human muscle. J. Physiol. 2000, 526, 203-210.
[CrossRef]

Hamer, M.; Molloy, G.J. Association of C-reactive protein and muscle strength in the English Longitudinal Study of Ageing. AGE
2009, 31, 171-177. [CrossRef]

Mori, H.; Kuroda, A.; Ishizu, M.; Ohishi, M.; Takashi, Y.; Otsuka, Y.; Taniguchi, S.; Tamaki, M.; Kurahashi, K.; Yoshida, S.; et al.
Association of accumulated advanced glycation end-products with a high prevalence of sarcopenia and dynapenia in patients
with type 2 diabetes. J. Diabetes Investig. 2019, 10, 1332-1340. [CrossRef]

Kuo, C.K,; Lin, L.Y;; Yu, YH.; Wu, K.H.; Kuo, HK. Inverse association between insulin resistance and gait speed in nondiabetic
older men: Results from the U.S. National Health and Nutrition Examination Survey (NHANES) 1999-2002. BMC Geriatr. 2009,
9, 49. [CrossRef]

Lee, C.G.; Boyko, E.; Strotmeyer, E.; Lewis, C.E.; Cawthon, PM.; Hoffman, A.R.; Everson-Rose, S.; Barrett-Connor, E.; Orwoll,
E. Association between insulin resistance and lean mass loss and fat mass gain in older men without diabetes mellitus. J. Am.
Geriatr. Soc. 2011, 59, 1217-1224. [CrossRef] [PubMed]

Wang, X.H.; Mitch, W.E. Mechanisms of muscle wasting in chronic kidney disease. Nat. Rev. Nephrol. 2014, 10, 504. [CrossRef]
[PubMed]

Kopple, ].D.; Greene, T.; Chumlea, W.C.; Hollinger, D.; Maroni, B.J.; Merrill, D.; Scherch, L.K.; Schulman, G.; Wang, S.-R.; Zimmer,
G.S. Relationship between nutritional status and the glomerular filtration rate: Results from the MDRD study. Kidney Int. 2000,
57,1688-1703. [CrossRef] [PubMed]

Moon, S.J.; Kim, T.H.; Yoon, S.Y.; Chung, ].H.; Hwang, H.-J. Relationship between stage of chronic kidney disease and sarcopenia
in Korean aged 40 years and older using the Korea National Health and Nutrition Examination Surveys (KNHANES IV-2, 3, and
V-1, 2), 2008-2011. PLoS ONE 2015, 10, e0130740. [CrossRef]

Leong, D.P; Teo, K.K.; Rangarajan, S.; Lopez-Jaramillo, P.; Avezum, A., Jr.; Orlandini, A.; Seron, P.; Ahmed, S.H.; Rosengren, A.;
Kelishadi, R.; et al. Prognostic value of grip strength: Findings from the Prospective Urban Rural Epidemiology (PURE) study:.
Lancet 2015, 386, 266-273. [CrossRef]

Grabowski, D.C.; Ellis, J.E. High Body Mass Index Does Not Predict Mortality in Older People: Analysis of the Longitudinal
Study of Aging. J. Am. Geriatr. Soc. 2001, 49, 968-979. [CrossRef] [PubMed]

Rossner, S. Obesity in the elderly—A future matter of concern? Obes. Rev. 2001, 2, 183-188. [CrossRef]


http://doi.org/10.1002/jcsm.12503
http://doi.org/10.5014/ajot.2016.019117
http://www.ncbi.nlm.nih.gov/pubmed/27294996
http://doi.org/10.1519/JSC.0b013e3181b296a5
http://doi.org/10.1093/ageing/afq022
http://www.ncbi.nlm.nih.gov/pubmed/20219767
http://doi.org/10.3945/ajcn.117.156851
http://doi.org/10.1016/j.amjcard.2009.01.375
http://doi.org/10.1161/STROKEAHA.117.018417
http://doi.org/10.1038/nrneurol.2017.95
http://doi.org/10.2337/dc17-0921
http://doi.org/10.2147/DMSO.S186600
http://doi.org/10.1111/j.1469-7793.2000.t01-1-00203.x
http://doi.org/10.1007/s11357-009-9097-0
http://doi.org/10.1111/jdi.13014
http://doi.org/10.1186/1471-2318-9-49
http://doi.org/10.1111/j.1532-5415.2011.03472.x
http://www.ncbi.nlm.nih.gov/pubmed/21718263
http://doi.org/10.1038/nrneph.2014.112
http://www.ncbi.nlm.nih.gov/pubmed/24981816
http://doi.org/10.1046/j.1523-1755.2000.00014.x
http://www.ncbi.nlm.nih.gov/pubmed/10760105
http://doi.org/10.1371/journal.pone.0130740
http://doi.org/10.1016/S0140-6736(14)62000-6
http://doi.org/10.1046/j.1532-5415.2001.49189.x
http://www.ncbi.nlm.nih.gov/pubmed/11527490
http://doi.org/10.1046/j.1467-789x.2001.00034.x

Int. J. Environ. Res. Public Health 2021, 18, 7540 11 of 11

39. Pes, G.M.; Licheri, G.; Soro, S.; Longo, N.P; Salis, R.; Tomassini, G.; Niolu, C.; Errigo, A.; Dore, M.P. Overweight: A Protective
Factor against Comorbidity in the Elderly. Int. |. Environ. Res. Public Health 2019, 16, 3656. [CrossRef]

40. Hsiao, M.-Y,; Chang, K.-V.; Wu, W.-T.; Huang, K.-C.; Han, D.-S. Grip Strength and Demographic Variables Estimate Appendicular
Muscle Mass Better Than Bioelectrical Impedance in Taiwanese Older Persons. ]. Am. Med. Dir. Assoc. 2021, 22, 760-765.
[CrossRef]


http://doi.org/10.3390/ijerph16193656
http://doi.org/10.1016/j.jamda.2020.08.003

	Introduction 
	Materials and Methods 
	Study Population 
	Questionnaire 
	Anthropometric Measurements 
	Grip Strength Measurement 
	Approval by the Institutional Review Board (IRB) 
	Statistical Methods 

	Results 
	Discussion 
	Conclusions 
	References

