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Objective: We examined the association between obesity and physical performance under
different metabolic status.

Methods: The sample included 1395 Chinese community-dwelling participants (mean age,
71.88 + 5.87 years; 40.9% men). Being metabolically healthy was defined as having the
presence of < 3 of 5 components of metabolic syndrome (MetS); obesity was defined as
having a BMI > 28 kg/m?. Participants were divided into four groups based on BMI (non-
obese/obese) and metabolic health (healthy/unhealthy). Physical performance was measured
by grip strength, 4-m walking speed, and the timed up and go test (TUGT).

Results: After multiple adjustments, compared with metabolically healthy non-obese group,
the metabolically unhealthy obese group showed lower relative grip strength, lower
4-m walking speed, and higher TUGT (P all < 0.05), and only relative grip strength of the
metabolically healthy obese group was significantly lower than that of metabolically healthy
non-obese (P < 0.01). Relative grip strength was negatively associated with impaired fasting
glucose (B = —0.071), elevated triglycerides (B = —0.062), abdominal obesity (B = —0.230)
and general obesity (B = —0.225) (P all < 0.01). Walking speed and TUGT were only
associated with general obesity, rather than other metabolic components. The associations
of MetS with physical performance were mainly driven by abdominal obesity.
Conclusion: Even in those who are metabolically healthy, obesity (especially general
obesity) increases the risk of poor physical performance. Elderly people with general obesity
and MetS, whether in combination or alone, have an increased risk of muscle dysfunction,
and that combination produces a higher risk of impaired mobility.

Keywords: metabolic health, obesity, physical performance, grip strength, 4-m walking
speed, TUGT

Introduction

Obesity is a major public health problem in the world, but some recent studies have
reported that obese people have a better prognosis and a lower mortality rate than
people with normal weight and body mass index (BMI)."* This may be because
obesity, when defined solely by BMI, is a very heterogeneous disease with different
metabolic manifestations between participants.® For example, some obese adults with-
out metabolic dysfunction in the form of metabolic risk factor clustering are considered
“healthy”.* Previous studies have shown that metabolically healthy people with obesity
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tend to have a lower risk of all-cause or cardiovascular death
than metabolically unhealthy people with obesity.>°
However, there are also opposing research results,” and the
clinical significance of the metabolically healthy obese
(MHO) group has not been extensively studied. Therefore,
a more detailed cross-classification of obesity according to
metabolic status is needed, which should help to explain the
heterogeneity of obesity and contribute to the health manage-
ment and guidance of the elderly.

For the elderly, maintaining physical performance is
essential for independent living.® Obesity is closely related
to musculoskeletal impairments,” which often manifest
clinically as osteoarthritis of the hip or knee;'® this is
one of the reasons for poor physical performance (such
as lower walking speed and muscle strength) in the elderly.
Whether metabolic risk factors exacerbate these adverse
reactions is a matter of contention.''"'? The association
between obesity and physical performance under different
metabolic status has been discussed in a few studies. One
study suggested that obesity, even in those who are meta-
bolically healthy, accelerates age-related declines in func-
tional ability,” while another study showed that MHO
women present a greater functional capacity due to lower
prevalence of arthritis and fewer comorbidities, low
abdominal fat level, and higher physical activity level."?
Another study found that the risk of developing limited
mobility was greater in obese participants with metabolic
syndrome (MetS) relative to the non-obese without
MetS," but whether and how specific components of
MetS drive this relationship is unknown.

Therefore, this study examined the physical performance
(measured by grip strength, 4-m walking speed, and the
timed up and go test [TUGT]) of elderly people with differ-
ing metabolic levels and obesity. We further examined
whether and which components of MetS drive this relation-
ship. In China, as of 2012, more than 70% of elderly parti-
cipants live in suburban areas. Therefore, this study selected
elderly people living in Hangu District, Tianjin, and
Chongming District, Shanghai, where the level of medical
care is relatively low, and the physical condition of the
elderly is easily overlooked and deserves more attention.

Methods
Study Design and Participants

The present study is a cross-sectional analysis using data
from the Adult Physical Fitness and Health Cohort Study
(APFHCS) [ChiCTR1900024880]. APFHCS is a large

prospective dynamic cohort study, mainly investigating
the relationship between physical fitness and health status
of general adults living in Tianjin and Shanghai, China.
We recruited 1614 participants from August 2018 to
July 2019. The exclusion criteria were as follows: (1)
age < 60 years, (2) severe arthritis or joint deformity
causing impaired mobility or localized loss of strength,
(3) malignancy, (4) current use of androgens or antiandro-
gens, and (5) refusal to participate in this study.'” In
addition, 299 participants were excluded from the analysis
because performance-based assessment was not performed
or metabolic health and obesity indicators were missing. In
the end, 1395 older participants (men 571, women 824)
were available for analysis. The examination included
a questionnaire and physical performance tests, conducted
by graduate students in the field of health who have
received special training in testing, improving and calibrat-
ing interviews. Written informed consent was obtained
from all the participants.

Anthropometry Measurements

Participants were required to remove shoes and heavy
clothing during anthropometric measurements. Height
was measured to the nearest 0.1 cm using a portable
stadiometer. Weight was measured to the nearest 0.1 kg
using a digital scale, while keeping the participant in an
upright position. Body mass index (BMI) was calculated
as weight (kilograms)/height® (meters?). Waist circumfer-
ence was measured at the midpoint between the low ribs
and iliac crest.

Assessment of Metabolic Parameters

We used standard operating protocols to measure the Adult
Treatment Panel 111 (ATP-III) components that are used to
define metabolic status.'® Blood pressure was measured
twice after 5 min resting in a sitting position and expressed
as the average of two consecutive measurements. Blood
samples were taken from the participants’ peripheral veins
in the morning after fasting for 10 to 12 hours. The tests
included triglyceride (TG), fasting blood glucose (FBG),
and high-density lipoprotein cholesterol (HDL) levels,
using an automated analyzer. '

Definitions of Metabolic Status and
Obesity

Metabolic syndrome (MetS) was diagnosed in participants
meeting more than two of the following criteria:'® (1)
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increased TGs (> 1.7 mmol/L) or lipid-lowering drug use;
(2) elevated blood pressure defined as systolic blood pres-
sure > 130 mmHg, diastolic blood pressure > 85 mmHg, or
anti-hypertensive drug use; (3) high FBG (= 5.6 mmol/L)
or medications for diabetes; (4) low HDL (< 1.04 mmol/L
for men and < 1.29 mmol/L for women); and (5) abdom-
inal obesity (waist circumference > 90 cm for men and >
80 cm for women). Participants were defined as metaboli-
cally healthy if they met < 3 of the criteria and metaboli-
cally unhealthy if they met > 3 of the criteria.

General obesity was defined as BMI > 28.0 kg/m®
based on the criteria established by the Working Group
on Obesity in China.'” According to these criteria, study
participants were categorized into four groups: (1) meta-
bolically healthy non-obese (MHNO) participants: < 3
MetS traits and BMI < 28.0 kg/m?*; (2) metabolically
healthy obese (MHO): < 3 MetS traits and BMI >
28.0 kg/m* (3) metabolically unhealthy non-obese
(MUHNO) participants: > 3 MetS traits and BMI <
28.0 kg/m%* or (4) metabolically unhealthy obese
(MUHO): > 3 MetS traits and BMI > 28.0 kg/m?.

Physical Performance Assessment: Grip
Strength, 4-Meter Walking Speed, TUGT

Grip strength was used as a measure of muscle strength
and was quantified using a handheld dynamometer (GRIP-
D; Takei Ltd, Niigata, Japan).'> Participants were asked to
use their dominant hand to exert their maximum force
twice. In this study, relative grip strength was adjusted
with respect to the participant’s body weight (relative
grip strength = grip strength (kg)/body weight (kg)) in
order to ensure we were evaluating muscle strength inde-
pendent of body size.'®

Gait speed was measured by placing two photocells
connected to a recording chronometer at the start and end
of the 4-meter course. Instruct participants to stand with
their feet touching the starting line and start walking at
a normal speed after a verbal command. To prevent parti-
cipants from slowing down before reaching the 4-meter
line, the actual walking distance was greater than the
required 4 meters. The time between activation of the
first and second photocells was recorded. The procedure
was repeated twice, and the mean walking speed time (m/
s) calculated. The participants were allowed to use a gait-
assistance device.'’

The TUGT has been used to assess basic balance and
the risk of falls in older adults. The participants could wear

their usual shoes and use a gait-assistance device if neces-
sary. Participants were instructed to walk at a habitual
pace, then sit in a standardized chair and keep their arms
and torso supported. When the verbal order was issued, the
evaluator started the chronometer, and the participants
stood up, walked 3 meters in a straight line, turned 180°,
walked back to the chair, and sat down again. When the
participants were sitting in the chair with the arms and
back supported, the chronometer stopped. The time

required to complete the test was recorded in seconds.'>"’

Covariates

Face-to-face epidemiological questionnaire interviews
were performed by trained interviewers to collect informa-
tion on sociodemographic, behavioral characteristics, and
study.?%%!

Sociodemographic variables included sex, age, marital

medical conditions as our previous
status, living situation, education level, and occupation.
Behavioral characteristics included smoking (never, for-
mer, or current smoker), and drinking habits (never, for-
mer, occasional, or daily drinker), and physical activity
situation. Former smokers were defined as those who used
to smoke frequently but did not smoke for at least half
a year. Current smoker smokers were defined as those who
smoke at least one cigarette every day for at least one year.
Former drinkers were defined as those who were abstinent
for over half a year. Physical activity was assessed using
the short form of the International Physical Activity
Questionnaire (IPAQ).** Responses were converted to
metabolic equivalent task minutes per week (MET-min
/week) by multiplying total minutes over the previous 7
days spent on vigorous activity, moderate-intensity activ-
ity, and walking by 8.0, 4.0, and 3.3, respectively, and then
summing to indicate overall physical activity. Medical
history, including diabetes, hypertension, hyperuricemia,
stroke, arthritis, cancer, and coronary heart disease, was
evaluated on the basis of participants’ responses (yes or
no) to questions about their history, past diagnoses made
by physicians, and current or historical medication
regimens.”’

Statistical Analyses

Data were expressed as mean + SD, median (interquartile
range 25-75%), or percentage across the four groups.
Differences among the groups were tested using analysis
of variance (ANOVA) for continuous variables, and sub-
sequent comparisons were followed by Bonferroni correc-
tions. Categorical variables were analyzed with Pearson’s
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Chi-square test or Fisher’s exact test. The analysis of
covariance (ANCOVA) was used for comparing the phy-
sical performance (ie, relative grip strength, 4-m walking
speed, and TUGT) between four groups. The adjusted
model included covariates for age, sex, smoking, alcohol,
occupation, educational level, IPAQ, and the number of
chronic medical conditions (diabetes, hypertension, hyper-
uricemia, stroke, coronary heart disease, arthritis, and can-
cer). If the comparison of the four groups indicated
statistical significance, we executed multiple pairwise
comparisons with Bonferroni correction.

Univariate and enter multiple linear regression models
were used to evaluate the association between each meta-
bolic component (independent variable) and physical per-
and the
covariates in the model were completely adjusted as men-

formance (dependent variable) separately,
tioned above. By comparing adjusted R? statistics, we
determined the relative importance of each metabolic com-
ponent to physical function, because covariate adjustment
remained unchanged in each model. Next, each component
of MetS was introduced as a covariate to the stepwise
multiple linear regression model between MetS and the
physical performance to test if the metabolic components
could explain the association between MetS and the phy-
sical performance.

Finally, we evaluated the impact of MetS categories on
physical performance based on the number of metabolic
components possessed (0, 1-2, or 3-5). The analysis of
covariance and Bonferroni corrections were repeated. All
statistical results were based on two-sided tests. Data were
analyzed using SPSS 22.0 software. P-values < 0.05 were

considered to indicate statistical significance.

Ethics

The research was approved by the ethics committees of
Tianjin Medical University and Shanghai University of
Medicine and Health Sciences. The methods were imple-
in accordance with of the

mented the principles

Declaration of Helsinki.

Results
Characteristics of Study Participants
According to Metabolic Health and

Obesity Status

Among the 1395 participants, 694 (49.75%) were in the
MHNO group, with 50 (3.58%) in the MHO group, 525
(37.63%) in the MUHNO group, and 126 (9.03%) in the

MUHO group. The metabolically unhealthy group
(MUHNO-+MUO) had significantly more chronic medical
conditions (having 3 or more) and showed higher systolic
blood pressure (SBP), TG, and FPG, and lower HDL than
the metabolically healthy group (MHNO+MHO). In parti-
cular, compared to MHO group, participants in MUHO
group had a lower rate of widowhood and solitary living,
but higher SBP, FPG, and TG (Table 1).

Comparison of Physical Performance
According to Metabolic Health and
Obesity Status

Univariate regression models showed that MetS and gen-
eral obesity were associated with all physical performance
measures (Supplementary Table S1). Table 1 showed that
participants in the MHO, MHNO, and MUHNO groups
had significantly lower relative grip strength and lower
4-m walking speed than those in the MHNO. Similarly,
the TUGT value of the MHNO group was lower than the
other groups. In addition, the relative grip strength of

MHO participants was significantly lower than that of
MHNO or MUHNO participants. There were statistically
significant differences between the MUHNO and MUHO
groups in relative grip strength, 4-m walking speed, and
TUGT.

Even after adjusting for age, sex, educational level,
occupation, [PAQ, and the number of chronic diseases,
the relative grip strength of the MHO group was signifi-
cantly lower than those of the MHNO and MUHNO
groups. The relative grip strength and 4-m walking speed
of the MUHO group was lower than that of the MHNO
and MUHNO groups, but the TUGT of the MUHO group
was only higher than that of the MHNO group (Figure 1).

Association Between Metabolic

Components and Physical Performance

In order to explore the metabolic components that affect
physical performance, linear regression analysis was used.
Univariate regression models showed that all metabolic
components were associated with relative grip strength,
while elevated triglycerides and low HDL were not asso-
ciated with 4-m walking speed or TUGT (Table 2). After
adjusting for all the factors, relative grip strength still
exhibited a significant association with impaired fasting
glucose (B = —0.071), elevated triglycerides (B = —0.062),
and abdominal obesity (B = —0.230) (P all < 0.01; see
Table 3). However, none of the metabolic components was
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Table | Characteristics of Study Group, Stratified by Metabolically Healthy and Obesity Status

Variables MHNO MHO MUHNO MUHO P-value
N, % 694 (49.75) 50 (3.58) 525 (37.63) 126 (9.03) -
Age (y) 72.12 £ 6.06 71.94 £ 5.59 71.79 £ 5.66 70.95 £ 571" 0214
Female, n (%) 336 (48.4) 32 (64.0)" 368 (70.1)" * 88 (69.8)° <0.001
Hight, (cm) 160.88 + 9.55 158.95 + 8.06 159.06 + 859" 158.16 £ 8.15° 0.001
Weight, (kg) 57.63 £ 10.23 74.30 £ 7.73" 62.08 + 9.32" # 75.33 £ 821" # " <0.001
BMI, (kg/m?) 22.19 £ 2.83 29.40 + 128" 24.45 + 226" 30.09 + 1.83" # " <0.001
WC, (cm) 85.15 + 8.69 101.84 + 673" 91.91 +7.38"# 102,93 £ 7.17*" <0.001
Widowed, n (%) 125 (18.1) 15 (30.6)" 110 21.1* 24 (19.0)* 0.141
Living alone, n (%) 105 (15.2) 12 (24.5) 86 (16.5) 14 (11.1)* 0.154
Famer, n (%) 380 (54.8) 26 (52.0) 313 (59.6) 76 (60.3) 0.265
IPAQ (Met/wk) 4617 (2027, 8891) 4284 (2564, 7714) 4069 (1743, 7518) 3599 (1743, 6573) 0.073
Education, n (%) 0.574
Primary or below 518 (75.1) 40 (81.6) 414 (79.6) 97 (77.0)
Secondary or above 172 (24.9) 9 (184) 106 (20.4) 29 (23.0)
Smoking, n (%) 0.001
Current smokers 157 (22.8) 5(10.2) 74 (14.3) 15 (11.9)
Never smokers 403 (58.5) 35 (71.4) 371 (71.8) 88 (69.8)°
Ex-smokers 129 (18.7) 9 (184) 72 (13.9) 23 (18.3)
Drinking, n (%) 0.001
Daily drinkers 115 (16.9) 4(82) 50 (9.8) 10 (8.1)
Occasional drinkers 106 (15.6) 6 (12.2) 55 (10.8) 14 (11.3)
Former drinkers 89 (13.1) 5(102) 49 (9.6) 9 (7.3)
Never drinkers 370 (54.4) 34 (69.4) 355 (69.7)" 91 (73.4)°
Chronic medical conditions® <0.001
0 74 (10.7) 6 (12.0) 3(0.6)" 7 2 (1.6)" 7
-2 460 (66.3) 31 (62.0) 239 (45.5)" * 47 37.3)" *
23 160 (23.1) 13 (26.0) 283 (53.9)" * 77 (61.1)" *
Physical performance
Grip strength (kg) 23.95 + 8.85 21.39 £ 761 21.85 £ 859 21.33 £ 7.97° <0.001
Relative grip strength (kg/kg) 0.415 % 0.13 0.285 + 0.09" 0.350 £ 0.12" # 0.281 % 0.09" " <0.001
Walking speed (m/s) 1.09 + 0.23 1.00 + 0.22" 1.05 + 0.24" 1.00 + 0.20"" <0.00|
TUGT (s) 9.78 £ 3.34 1044 £ 2.81 10.39 + 423 11.04 + 3.62"" <0.001
MetS components
SBP (mmHg) 129.88 £ 19.01 129.10 + 16.44 138.07 £ 19.94" # 137.20 + 18.62" # <0.001
DBP (mmHg) 73.27 £ 11.06 73.01 £ 9.57 7451 £ 11.29 73.81 £ 9.60 0.251
FPG (mmol/L) 5.30 £ 1.05 538 + 091 644+ 179" % 6.37 £ 150" # <0.001
TG (mmol/L) 1.08  0.43 122 + 0.38 2.00 £ 1397 % 1.92 + 0.86" * <0.001
HDL (mmol/L) 1.54 + 0.33 1.44 + 024" 134 + 041" 1.28 + 029" # <0.00|

Notes: Data represent mean + SD, median (interquartile range 25-75%), or percentage. *History of hypertension, dyslipidemia, diabetes, stroke, myocardial infarction,
congestive heart failure, arthritis, gout, and cancer. *P < 0.05 versus MHNO; #P < 0.05 versus MHO; "P < 0.05 versus MUHNO.

Abbreviations: MHNO, metabolically healthy nonobese; MHO, metabolically healthy obese; MUHNO, metabolically unhealthy nonobese; MUHO, metabolically unhealthy
obese; BMI, body mass index; WC, waist circumference; IPAQ, International Physical Activity Questionnaire; TUGT, timed up and go test; SBP, systolic blood pressure; DBP,
diastolic blood pressure; FPG, fasting plasma glucose; TG, total triglycerides; HDL, high-density lipoprotein cholesterol.
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Figure | (A) Mean relative grip strength (kg/kg), (B) Mean 4-m walking speed (m/s), (C) Mean TUGT (s). Statistical analysis was performed using ANCOVA. P-values
represent the result of Bonferroni corrections after adjusting for age, sex, educational level, marital status, living situation, drinking, smoking, occupation, International
Physical Activity Questionnaire (IPAQ), the number of chronic medical conditions. *P < 0.05 versus MHNO; #P < 0.05 versus MHO; "P < 0.05 versus MUHNO.

Abbreviations: TUGT, timed up and go test; ANCOVA, analysis of covariance; MHNO, metabolically healthy nonobese; MHO, metabolically healthy obese; MUHNO,

metabolically unhealthy nonobese; MUHO, metabolically unhealthy obese.

related to 4-m walking speed or TUGT. To determine the
relative importance of each metabolic component to phy-
sical performance, we compared the R statistics. Notably,
general obesity had the highest adjusted R? value (R* =
0.359) across relative grip strength, followed by abdom-
inal obesity (R? = 0.354), even more so than the composite
MetS variable (R = 0.328) (Table 3, Supplementary Table
S2). When metabolic components but excluding abdom-

inal obesity were all added as covariates to the stepwise
multivariate linear regression model between MetS and
relative grip strength, the MetS-relative grip strength asso-
ciation was significant (B = —0.163, P < 0.001) (Table 4).
added as
a covariate to the model, the MetS-relative grip strength

However, once abdominal obesity was
association became statistically non-significant, suggesting
that the MetS-relative grip strength association was mainly

mediated by abdominal obesity (Supplementary Table S3).

In particular, the relative grip strength decreased signifi-
cantly in conjunction with an increase in the number of

metabolic components, even after adjusting for all

confounding factors. Means (95% CI) for the groups of 0
metabolic component, 1-2 metabolic components, and 3—5
metabolic components were 0.439 (0.415-0.463), 0.389
(0.380-0.397), and 0.352 (0.343-0.361),
(Figure 2).

respectively

Discussion

The purpose of this study was to determine the cross-
sectional associations between obesity and physical per-
formance under different metabolic status. The main find-
ing was that obesity, even in metabolically healthy
participants, increases the risk of poor physical perfor-
mance. This was especially true for general obesity.
Whether combined or isolated, older adults with obesity
and MetS (especially high waist circumference, impaired
fasting glucose, and elevated triglycerides) were at
increased risk of poor muscle strength. Older adults with
combined, but not isolated, general obesity and MetS
showed an increased risk of impaired mobility.

Table 2 Univariate Regression Analysis of the Association Between Metabolic Components, Obesity with Physical Performance

Measures
Variables Relative Grip Strength 4-m Walking Speed TUGT
B P-value B P-value B P-value

Impaired fasting glucose —0.103 <0.001 —0.063 0.019 0.077 0.004
Elevated triglycerides —0.135 <0.001 —0.042 0.115 —0.001 0.977
Low HDL —0.165 <0.001 —0.030 0.262 0.046 0.084
High blood pressure —0.084 0.002 —-0.077 0.004 0.118 <0.001
Abdominal obesity —0.384 <0.001 —0.095 <0.001 0.065 0.016

Note: 3 = standardized coefficient.

Abbreviations: TUGT, timed up-and-go test; HDL, high-density lipoprotein cholesterol.

70 2 http:

Dove!

Clinical Interventions in Aging 2021:16


http://www.dovepress.com/get_supplementary_file.php?f=302167.docx
http://www.dovepress.com/get_supplementary_file.php?f=302167.docx
http://www.dovepress.com/get_supplementary_file.php?f=302167.docx
http://www.dovepress.com
http://www.dovepress.com

Dove

Ma et al

Table 3 Multivariate Linear Regression Analysis of the Association Between Metabolic Components with Physical Performance

Measures

Variables Relative Grip Strength 4-m Walking Speed TUGT
R? B P-value R? B P-value R? B P-value

Impaired fasting 0.313 —0.071 0.003 0.231 —0.015 0.551 0.186 0.027 0.289
glucose
Elevated 0.312 —0.062 0.008 0.232 —0.027 0.271 0.185 —0.007 0.772
triglycerides
Low HDL 0.311 —0.045 0.054 0.231 0.016 0.528 0.186 0.024 0.344
High blood 0.311 —0.049 0.052 0.231 0.015 0.587 0.186 0.021 0.453
pressure
Abdominal 0.354 —0.230 <0.001 0.232 —0.035 0.173 0.186 0.033 0.216
obesity

Notes: § = standardized coefficient; the model was fully adjusted for age, sex, educational level, marital status, living situation, drinking, smoking, occupation, International

Physical Activity Questionnaire (IPAQ), the number of chronic medical conditions.

Abbreviations: TUGT, timed up-and-go test; HDL, high-density lipoprotein cholesterol.

The Prevalence of MHNO, MHO,
MUHNO, and MUHO

Although there is no universally accepted definition for
metabolic health status, using ATP-III criteria is reason-
able because the threshold for metabolic risk has been
validated.”>** The prevalence rates of MHNO, MHO,
MUHNO, and MUHO in our study were 49.75%, 3.58%,
37.63%, and 9.03%, respectively, similar to a relatively
large sample size study in China.*

Relationship Between Metabolic Health,
Obesity, and Relative Grip Strength

Grip strength is a measure of overall muscular strength.
Our results showed that the relative grip strength of MHO

Table 4 Stepwise Multivariate Linear Regression Analysis of the
Association Between Metabolic Syndrome with Relative Grip
Strength

Variables B P-value | Tolerance VIF
Age —0.130 <0.001 0.930 1.075
Sex —0.446 <0.001 0.879 1.138
IPAQ 0.108 <0.001 0.983 1.018
Education 0.109 <0.001 0.925 1.081
Living situation —0.065 0.042 0.934 1.070
Metabolic syndrome | —0.163 <0.001 0.949 1.053

Notes: = standardized coefficient; the model was fully adjusted for age, sex,
educational level, marital status, living situation, drinking, smoking, occupation,
International Physical Activity Questionnaire (IPAQ), the number of chronic medical
conditions, and metabolic components but excluding abdominal obesity.
Abbreviation: VIF, variance inflation factor.

was lower than that of MHNO and MUHNO. Additionally,
relative grip strength was different between the MUHNO
and MUHO groups. This means that obese people are
more likely to experience a decline in muscle strength
than non-obese participants, regardless of their metabolic

status. This result supports previous evidence in the
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Figure 2 The circled points and error bars represent adjusted mean values and
95% Cl of relative grip strength, respectively. Statistical analysis was performed
using ANCOVA. P-values represent the result of Bonferroni corrections after
adjusting for age, sex, educational level, occupation, International Physical Activity
Questionnaire (IPAQ), the number of chronic medical conditions. Means (95% ClI)
for the groups of 0 metabolic component, 1-2 metabolic components, and 3-5
metabolic components were 0.439 (0.415-0.463), 0.389 (0.380-0.397) and 0.352
(0.343-0.361), respectively. *P < 0.05 versus 0 metabolic component; *P < 0.05
versus |1-2 metabolic components.
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elderly that has shown the negative effect of obesity on
grip strength.'>** Some biological pathways (eg, inflam-
mation, sex-specific hormones, anabolic resistance, and
muscle denervation) likely contribute to obesity-induced
muscle weakness.?*?’ Moreover, the identification of
genetic variants for body fat metabolism may also provide
an understanding of the development of physical
limitations.”® In contrast, a previous study by Sui et al
suggested there was no association between grip strength
and BMI.*® Unlike our study population, the population of
that in Australia aged 28-95.
Differences in age, sex, and sociodemographic factors

study was women

may have contributed to the differences in the results.
Our study demonstrated negative associations of MetS
and metabolic components (abdominal obesity, elevated
triglycerides and impaired fasting glucose) with muscle
strength. The mechanisms for the negative relationship
may be due to high metabolic load, malnutrition, inflam-
mation, and changes in hormones, immunity and neural
mechanisms can all lead to a decline in muscle
strength.**! study, the

Longitudinal Study observed significant associations

Similar to our Korean
between MetS and muscle strength.>? Other studies have
also shown a negative correlation between excess abdom-
inal adiposity, higher levels of glucose and triglycerides,
and grip strength.”>> Furthermore, our study found that
abdominal obesity explained (35.4%) changes in relative
grip strength more than the other four metabolic compo-
nents. In addition, our research result was consistent with

other studies®'**

showing that the MetS-relative grip
strength association was mainly mediated by abdominal
obesity. In the future, we will explore whether other fac-
tors contribute to the relationship between metabolic com-
ponents and physical performance, such as age, sex, and

inflammatory factors.

Relationship Between Metabolic Health,
Obesity, and 4-m Walking Speed

In this study, we found that the 4-m walking speed of the
MUHO group was lower than that of the MHNO and
MUHNO groups. Similarly, the Whitehall II cohort study
used walking speed to evaluate imitation of mobility and
found that the greatest decline was seen among unhealthy
obese adults compared with healthy normal-weight adults,
and this was not significantly greater than for healthy
obese adults.” An 11-year-long longitudinal study showed
that the decline in walking speed was more pronounced in

obese participants.>® The opposite result was reported by
Bouchard et al in eighty-six obese women aged from 28 to
74 years old."

It should be noted that only general obesity and not any
of the metabolic components in our study were related to
4-m walking speed (Supplementary Table S2). A similar

report found that high waist circumference, as a marker of
abdominal adiposity, was not associated with a decline in
maximal walking speed.*® This may be because excess
body weight rather than abdominal adipose tissue can be
related to mechanical stress, pain, reduction of daily living
activity, and consequently, the degree of physical mobility.
Some studies have confirmed that metabolic risk factors
such as hyperglycemia and hyperlipidemia are unsuppor-
tive factors of physical performance;***” however, consid-
ering that our population is mainly engaged in agriculture
and animal husbandry, a high activity level may weaken
the adverse effect of metabolic factors on mobility.

Relationship Between Metabolic Health,

Obesity, and TUGT

Additionally, our research showed that only WUHO parti-
cipants were more likely to exhibit impaired mobility due
to higher TUGT. Our results supported the findings of
Gottlieb et al that there was no significant difference in
TUGT between elderly patients with MetS and partici-
pants without MetS (Supplementary Table S2). 2 But
our research added the relevant finding that comprehensive

MetS and general obesity seem to increase the risk of
impaired mobility in older adults. A biomechanical study
showed that obese people take shorter/wider strides, spend
more time in the stance rather than the swing phase of the
walking cycle, and have lower knee and hip flexion as well
as higher ankle plantar flexion than non-obese people, and
therefore walk slower.>® However, part of the observed
effect was also likely to be due to a reverse causation
process whereby lower mobility induces obesity or MetS.

Strengths and Limitations of the Study

This is the first study in China to identify the relationship
between obesity and physical performance in the elderly
under different metabolic status and examine whether and
which components of MetS drive this relationship. However,
this study has some limitations that must be mentioned. First,
using BMI as an indicator of obesity is a limitation. Although
we have established a relatively consistent link between
obesity and physical performance, BMI cannot distinguish
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between fat mass and muscle mass, nor can it distinguish
between fat infiltration of muscle or sarcopenia. Second, the
IPAQ was developed to assess physical activity levels across
populations aged 18—65, so it may not be sensitive enough to
accurately represent the physical activity of older adults.
Third, due to the limitations of a cross-sectional study, it
was not possible to assess a causal relationship between
obesity and physical performance under different metabolic
status. Finally, this was a single-center study, which limited
the generalizability of our findings to the entire Chinese
population.

Conclusions

Our findings suggest that obesity (especially general obesity)
increases the risk of poor physical performance, even if the
participant is metabolically healthy. Older adults with obesity
and MetS, whether singly or combined, are at increased risk of
muscle dysfunction. Older adults with combined general obe-
sity and MetS but neither alone show an increased risk of
impaired mobility. Given that physical performance represents
a critically important and modifiable predictor of independent
living in older adults, future research should test whether
reductions in weight and regional body fat mass in older adults
with MetS results in improved physical performance.
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