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Abstract

Background: The potential for developing frailty exists in middle-aged and older
adults. While obesity and metabolic syndrome (MetS) increase the risk of frailty in
older adults, this relationship remains unclear in middle-aged adults, who are prone
to developing lifestyle-related diseases.

Objective: To examine the effect of overweight/obesity and MetS on frailty
development in middle-aged and older Japanese adults using real-world data.
Methods: This nationwide cohort study used exhaustive health insurance claims data
of 3,958,708 Japanese people from 2015 to 2019 provided by the Japan Health In-
surance Association. Participants aged >35 and < 70 years who received health
checkups in 2015 were included. Multivariate logistic regression was used to assess
the effect of body mass index (BMI) and MetS or MetS components (i.e., diabetes,
hypertension, and dyslipidemia) in 2015 on frailty risk assessed using the hospital
frailty risk score in 2019. Additionally, a subgroup analysis was performed to examine
the interaction effects of MetS components and 4-year weight change (%) on frailty
risk among participants who were overweight and obese (BMI >25 kg/m?).

Results: In 2019, 7204 (0.2%) and 253,671 (6.4%) participants were at high and
intermediate frailty risks, respectively. Obesity and MetS were independently
associated with intermediate/high frailty risk (odds ratio (OR) 1.36, p < 0.05; OR
1.23, p < 0.05, respectively) and high frailty risk (OR 1.80, p < 0.05; OR 1.37,
p < 0.05, respectively) in all participants. Although all MetS components were frailty
risk factors, these effects diminished with age in both sexes. Subgroup analysis of
patients with diabetes revealed that 5%-10% weight loss was associated with
reduced frailty risk in both sexes.

Conclusions: Obesity, MetS, and MetS components were independent frailty risk
factors in middle-aged and older Japanese adults. Weight loss of up to 10% over

4 years prevented frailty in patients with diabetes who were overweight and obese.
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1 | INTRODUCTION

Frailty is a common clinical syndrome in older adults and a state of
increased vulnerability to poor resolution of homeostasis after a
stressful event, increasing the risk of worsening disability, hospitali-
zation, and mortality.® Japan is the oldest country in the world, and
the proportion of older adults aged >65 years was reportedly 29.1%
in 2022. The prevalence of pre-frailty and frailty among Japanese
older adults aged >65 was estimated to be 48.1% and 7.4%,
respectively?;, a recent microsimulation modeling study in Japan
showed that the expected need for health care and formal long-term
care is anticipated to reach costs of US$125 billion for dementia and
$97 billion for frailty per annum in 2043.2 Moreover, the prevalence
of frailty among community-dwelling adults aged >50 was estimated
at 24% in 62 countries worldwide,* and this proportion is expected to
increase further with increasing life expectancy. Therefore, pre-
venting the development of frailty is a global health and economic
challenge. Although most previous studies have focused on frailty in
older adults, Hanlon et al.> surveyed the prevalence of frailty in
middle-aged and older adults (37-73 years), demonstrating that
more than 30% of adults had pre-frailty conditions, which is defined
as an intermediate stage between non-frailty and frailty. Therefore,
early intervention in middle-aged adults may be necessary for pre-
venting frailty in the senile state.

Being underweight or malnourished is a major risk factor for
frailty® and unintentional weight loss is one of the components of the
well-known frailty phenotype defined by Fried et al.” However, in a
recent meta-analysis focused on Western population, Jiang et al.
showed that obesity is associated with an increased risk of disability
in basic activities of daily living (ADLs) or instrumental activities of
daily living (IADLs). Watanabe et al.? also demonstrated a U-shaped
relationship between body mass index (BMI) and the prevalence of
frailty, indicating that both obesity and underweight are associated
with frailty and disability in IADLs among Japanese older adults.
Obesity promotes low-level inflammation, leading to insulin resis-
tance and muscle catabolism, resulting in sarcopenia characterized by
decreased muscle mass.*° Sarcopenic obesity contributes to the risk
of frailty and disability in ADLs and IADLs.** Moreover, recent meta-
analyses have clarified that metabolic syndrome (MetS) is signifi-
cantly associated with frailty.2>12 MetS correlates with frailty among
young and middle-aged adults (20-65 years) but not older adults
(>65 years).** Thus, interventions for obesity and MetS in middle-
aged individuals might prevent the development of frailty.

However, previous studies that examined the association be-
tween obesity and frailty had some shortcomings.’®> First, these
studies did not consider the coexistence of diabetes, hypertension,
and dyslipidemia; thus, the frailty risk of uncomplicated obesity might

be overestimated. Second, only a few longitudinal studies have

evaluated the relationship between BMI and/or MetS and frailty in
middle-aged populations. Third, it is unclear whether weight reduc-
tion in patients with obesity and MetS components decreases or in-
creases the risk of frailty. These points are essential for developing a
treatment plan for middle-aged and older adults with obesity at risk
of MetS and frailty.

In Japan, The Ministry of Health, Labour, and Welfare introduced
Specific Health Checkups, an annual nationwide checkup, to identify
individuals at risk of MetS in 2008.1® These nationwide inspection
results have been integrated with data of medical claims, and have
become available for analysis. Meanwhile, Gilbert et al.'” recently
developed the hospital frailty risk score based on the International
Statistical Classification of Diseases and Related Health Problems,
10th Revision (ICD-10) diagnostic codes. This algorithm, also appli-
cable to the Japanese claims data, has been reported to be valid in
predicting mortality and long-term care unit use among community
living older Japanese people.'® Using this frailty risk score, this study
aimed to examine the effect of overweight/obesity and MetS on
frailty development in middle-aged and older adults in a nationwide
longitudinal cohort data. In addition, as a subgroup analysis, the dose-
response relationship between the severity of MetS components and
frailty was examined, as well as the interaction between weight

changes and MetS components in people with overweight/obesity.

2 | METHODS

21 |
criteria

Study design, participants, and inclusion

A large cohort study was conducted using exhaustive health insur-
ance claims data from 2015 to 2019 provided by the Japan Health
Insurance Association, comprising approximately 40 million people
aged 0-74. The primary inclusion criteria were: (1) participants aged
>35 and < 70 years in 2015; (2) subscribers from 1 April 2015, to 31
March 2020; (3) claims data that could be obtained from 2015 to
2019; and (4) those who received health checkups in 2015. Of the
4,385,445 adults who met the primary inclusion criteria, the
following were excluded from the present analysis: (1) patients given
a treatment or disease code related to pregnancy and childbirth
between 2015 and 2019 (n = 29,220), (2) those who have had more
than an intermediate risk of frailty in 2015 (n = 193,850), and (3)
those with missing health checkup data (n = 203,667). Finally,
260,875 participants with new intermediate/high frailty risk and
3,697,833 participants with low frailty risk after 2015 were analyzed.
A flow diagram of the study population selection is shown in Figure 1.

Anonymized data were used in this study. This study was approved

by the Ethics Committee of Keio University (approval number [no.]:
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The primary inclusion criteria were as follows:
1) participants aged>35 and <70 years in 2015;
2) subscribers from April 1, 2015, to March 31, 2020

4) those who received health checkups in 2015.
n=4,385,445

3) claims data that could be obtained from 2015 to 2019;

Patients given a treatment code or disease code related to pregnancy and childbirth
between 2015 and 2019
n=29,220
P Those who have had more than an intermediate risk of frailty in 2015
n= 193,850
Those with missing health checkup data
n =203,667

Eligible patients

n=3,958,708

/\

Intermediate/high frailty risk in 2019
n = 260,875

Low frailty risk in 2019
n=3,697,833

FIGURE 1 Study population selection.

2020-05), Tokyo Medical and Dental University (approval no.: M2020-
385), and Tokyo Medical University (approval no.: T2021-0052) and
was exempted from the need to obtain informed consent from par-

ticipants owing to the use of deidentified data.

2.2 | Outcome and exposures

The outcome was defined as the frailty risk evaluated in 2019. Frailty
conditions were assessed using the hospital frailty risk score, which
evaluated frailty risk by the total number of points awarded for each
of the 109 ICD-10 codes.'” This score did not include diabetes, hy-
pertension, and dyslipidemia and was expected to be able to evaluate
frailty independently of MetS. The participants' frailty risks were
categorized as low (score <5), intermediate (score 5-15), or high
(score >15).

The exposures included BMI, MetS, coexistence of MetS compo-
nents (i.e.,, diabetes, hypertension, and dyslipidemia), and weight
change (%) from 2015 to 2019. Body mass index (kg/m?) was classified
into seven categories as follows: <18.5, 18.5-19.9, 20.0-22.4, 22.5-
24.9,25.0-27.4,27.5-29.9, and >30.0, where overweight and obesity
were defined as BMI of 25.0-29.9 kg/m? and BMI >30.0 kg/m?,
respectively. Metabolic syndrome was defined according to the Jap-
anese criteria'? as having a waist circumference of >85 cm in men and
>90 cm in women and meeting two or more of the following criteria®:
systolic blood pressure ,SBP >130 mmHg and/or diastolic blood
pressure ,DBP >85 mmHg or antihypertensive medication use?;
fasting serum triglyceride (TG) level >150 mg/dL and/or high-density

lipoprotein cholesterol (HDL-C) level <40 mg/dL or lipid-lowering
medication use; and® fasting glucose level >110 mg/dL or antidia-
betic medication use.

The prevalence of diabetes was defined as a fasting blood
glucose level of >126 mg/dL or taking antidiabetic medication from
the questionnaire. For those who had missing fasting blood glucose
data, the data were replaced with the estimated values from the
following formula obtained from the 2015 data among participants
without diabetic medication.

Estimated fasting blood glucose (mg/dL) = 23.38 x HbA1c (%)
-34.31.

The prevalence of hypertension and dyslipidemia was defined as
SBP >140 mmHg and/or DBP >90 mmHg or taking antihypertensive
medication, and HDL-C level <40 mg/dL and/or TG level >150 mg/dL
in fasting conditions or taking lipid lowering medication, respectively.

Sex, age, smoking status, residential area, occupation, and co-
morbidity status were used as potential confounders. As with MetS
being potential confounder for the association of obesity and frailty,
several other comorbidities might affect the effect of underweight on
frailty risk. Of the ICD-10 diagnosis codes not included in the hospital
frailty risk score, the following covariate diseases that were frequent
in this population and might affect weight change were adopted:
respiratory tuberculosis (A16), chronic hepatitis/cirrhosis/liver fail-
ure/liver cancer (C22, K72, K74), malignancy (C16, C18, C20, C34,
C50, C53, C54, C56, C61, C25, C67, C73, C77, C78, C79, C85),
schizophrenia (F20), heart failure (150), chronic obstructive pulmo-
nary disease (J42, J43, J44), interstitial pneumonia (J84), and con-
nective tissue disease (M06, M32, M35).
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2.3 | Statistical analysis

Demographics were presented as numbers and frequency distribu-
tions for categorical variables, if appropriate. Multivariate binomial
logistic regression was used to assess the effect of BMI and MetS or
MetS components on frailty risk according to sex and age group. Odds
ratio (OR) (ORs) for two frailty risk categories, high (score >15) or
intermediate/high (>5) versus low-risk category (score <5), were
examined. If high frailty risk was used as the dependent variable, in-
dividuals with intermediate frailty risk (frailty risk score 5-15) were
excluded from the analysis. In addition, the dose relationship between
the BMI and frailty risk, adjusted for the presence of MetS, was
examined using a restricted cubic spline model based on six knots at
points 18.5, 20.0, 22.5, 25.0, 27.5, and 30.0. Odds ratio and 95%
confidence intervals (Cls) for frailty risk were calculated for each BMI
value with respect to the reference BMI value of 22.5 kg/m2. All the
multivariate logistic models were adjusted for age, residential area,
occupation, smoking status, and other comorbidities.

Two subgroup analyses were conducted using a multivariate
binomial logistic regression model. In the first subgroup analysis, the
dose-response relationships between each MetS component and
frailty risk were examined among patients who did not take any
medication for diabetes, hypertension, and dyslipidemia. The fasting
blood glucose levels were classified into four categories; blood pres-
sure was categorized into five by combining systolic and DBP; dysli-
pidemiawas classified into three categories using HDL-C and TG levels.
Although dyslipidemia in the MetS is defined by HDL-C and TG levels,
the current questionnaire for lipid medication use in Specific Health
Checkups also includes low-density lipoprotein cholesterol (LDL-C)
lowering medication; thus, LDL-C was added to the analysis and
categorized into four groups. In the second subgroup analysis, the
impact of weight change (%) from 2015 to 2019 on frailty risk was
examined among participants with overweight/obesity in 2015 who
received health checkups in 2019; the interaction effects between
MetS components and weight change were also evaluated.

All tests were two-sided, using an a level of 0.05 for statistical
significance. Multivariable-adjusted ORs and the 95% Cls were
calculated using R 4.0.4 statistical software. Multicollinearity for each
logistic regression model was checked using the variable inflation
factor (car package), with all variable inflation factor values < 2.0.

Restricted cubic spline was drawn using the rms package.

3 | RESULTS

Participant characteristics in 2015 are presented in Table 1. The
proportion of participants with overweight/obesity (BMI >25 kg/m?)
was 28.1%, whereas that of underweight (BMI <18.5 kg/m?) was
6.9%. Approximately 13.2% of participants had MetS, and males had
higher prevalence of MetS and MetS components than females in all
age groups. The deterioration of fasting blood sugar levels and blood
pressure was observed with age in both sexes. The percentage of

poor lipid conditions was almost the same in males in each age group,

while older females had worse conditions. In particular, the propor-
tion of women with a higher LDL-C level (>120 mg/dL) was
remarkably higher among females aged >50 years. Of the 3,958,708
participants, 7204 (0.2%) were at high frailty risk, and 253,671 (6.4%)
were at intermediate frailty risk in 2019.

The prevalence of intermediate/high frailty risk was higher in
participants with overweight/obesity (8.0%) than that in underweight
(7.4%) participants. Obesity (BMI >30 kg/m?) and MetS were
significantly associated with intermediate/high frailty risk (ORs 1.36,
95% Cl 1.34-1.39; ORs 1.23, 95% Cl 1.21-1.24, respectively) and
high frailty risk (OR 1.80, 95% Cl 1.62-1.99; OR 1.37, 95% CI 1.28-
1.46, respectively) in all participants (Table 2). The results of the
multivariate logistic regression analysis that examined the relation-
ship between BMI, MetS components, and frailty risk are presented
by sex and age groups in Table 3. Having either underweight or
obesity (BMI >30.0 kg/m?) increased frailty risk in both sexes.
Although all MetS components were risk factors for frailty, these
effects were diminished with age in both sexes. Diabetes and hy-
pertension were associated with frailty risk in males, while the effect
of dyslipidemia in females was larger than that in males. When
focusing on high risk as the outcome, ORs of high frailty risk for
overweight females up to the 60s were higher than those for over-
weight males, while ORs of underweight females in the 60s were as
high as those in males (OR 1.74, 95% Cl 1.46-2.17). Figure 2 shows
the dose relationship between BMI and frailty risk. There was a U-
shaped relationship between BMI and intermediate/high frailty risk,
as well as high frailty risk, in both sexes.

Figure 3 shows the dose-response relationship of MetS compo-
nents and LDL-C on frailty risk in participants without any medica-
tions for MetS in 2015 (male, n = 1,925,352; female, n = 1,296,100).
In males, higher fasting blood glucose levels and blood pressure
increased the risk of frailty; whereas high blood pressure did not
show adverse effects on frailty in females. Low HDL-C and high TG
levels were significantly associated with frailty risk in both sexes.
Low-density lipoprotein cholesterol level <80 mg/dL was a signifi-
cantly higher risk than LDL-C level 100-120 mg/dL in males but not
in females.

Interactions between MetS components and weight change over
4 years for intermediate/high frailty risk among individuals with
overweight/obesity are presented in Table 4 (male, n = 763,895;
female, n = 256,870). Weight loss of more than 3% was significantly
associated with frailty risk in both sexes. In addition, more than 10%
weight gain was also associated with increased frailty risk in males
(OR 1.20, 95% CI 1.11-1.31) and females (OR 1.22, 95% CI 1.11-
1.33). On the contrary, in participants with diabetes, 5-10% weight
loss was associated with reduced frailty risk in males (OR 0.87, 95%
Cl 0.82-0.93) and females (OR 0.83, 95% Cl 0.74-0.93). Weight gain
of >5% in participants with diabetes increased frailty risk in both
sexes. As for blood pressure, weight loss of more than 5% in males
was significantly associated with frailty risk. Although more than 10%
weight loss significantly increased the frailty risk in male participants
with dyslipidemia, there was no significant interaction between

weight change and dyslipidemia in females.
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FIGURE 2 The relationship between body mass index (BMI) and frailty using a restricted cubic spline logistic regression model. (A),
Intermediate/high-risk outcome in males, (B), intermediate/high-risk outcome in females, (C), high-risk outcome in males, and (D), high-risk
outcome in females. Solid lines represent ORs, and dashed lines represent 95% Cls. BMI, body mass index; Cl, confidence interval; ORs, odds

ratio.

4 | DISCUSSION

This study examined the effect of overweight/obesity and MetS on
frailty in the middle-aged and older Japanese adults using real-world
data. The frailty score used in the present study was created based
on the results of hierarchical cluster analysis, in which 22,139 older
adult patients were classified into six clusters: frailty, elective cata-
racts, chronic heart problems, acute heart problems, cancer and lung
disease, and mixed diagnoses, and 109 ICD-10-diagnosis codes with
high prevalence in the frailty cluster were used to create the frailty
score!’; that is, the present frailty score is an independent indicator
of cardiovascular diseases, such as chronic and acute heart problems.
Furthermore, although cardiovascular diseases are associated with
frailty risk,?° the present results suggested that diabetes, hyperten-
sion, and dyslipidemia might be related to frailty for reasons other
than the development of cardiovascular diseases.

A recent meta-analysis showed that the odds of incident frailty
were 1.48 [95% Cl, 1.33-1.64] in patients with diabetes.?" Insulin
resistance in diabetes causes skeletal muscular and vascular

dysfunctions, leading to frailty.?? Besides the effect on physical
function, type 2 diabetes is also associated with an increased risk of
dementia, which is one of the features of frailty.>> However, the
causality between hypertension and frailty has been unclear in pre-
vious studies. One possible mechanism is that hypertension is asso-
ciated with dementia or cognitive impairment.2* The present frailty
score included kidney disease; thus, exacerbating kidney disease
associated with hypertension may contribute to frailty.?>?° Further
studies are required to examine which components of the frailty
score are affected by diabetes and hypertension.

Low HDL-C and high LDL-C levels are well-known risk factors
for cardiovascular diseases, whereas low serum cholesterol levels
also indicate malnutrition?” which is associated with frailty.?® Wu
et al. showed that low LDL-C was associated with long-term all-cause
mortality in a cohort of community-dwelling older Chinese adults and
suggested the possibility that low LDL-C levels were partially a sur-
rogate marker of frailty.?? The present findings showing that both
low HDL-C and LDL-C levels were related to intermediate/high risk

of frailty risk in male supported this hypothesis. Nishimura et al. also
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100 to 125 [ 1.01 (0.99-1.03) ¢ 0.96 (0.94-0.98)
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' 1.15 (0.91-1.44) : 1.45 (0.96-2.19)
156= 1 - 1.45 (1.39-1.53) e 1.20 (1.08-1.34)
! 2.41 (1.96-2.98) 1 1.91 (1.14-3.22)
1
Blood pressure (mmHg) 1 1
1
SBP < 120 and DBP < 80 L] Ref. ol Ref.
i Ref. : Ref.
SBP: 120 to 139 or DBP : 80 to 89 e 1.05 (1.03-1.07) q 0.98 (0.96-0.99)
1 1.18 (1.07-1.32) T 0.96 (0.86-1.07)
SBP: 140 to 159 or DBP : 90 to 99 : ° 1.15 (1.12-1.17) (] 0.97 (0.95-1.00)
i 1.65 (1.46-1.87) " 1.02 (0.86-1.20)
SBP: 160 to 179 or DBP : 100 to 109 1 e 1.20 (1.16-1.24) L 0.90 (0.86-0.95)
: 2.06 (1.74-2.44) 4 1.12 (0.84-1.49)
SBP 2180 or DBP 2110 - 1.38 (1.31-1.46) ol 0.86 (0.78-0.95)
| 3.26 (2.60-4.08) 1 1.18 (0.70-1.98)
HDL-C (mg/dL), TG (mg/dL) . :
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80 to 99 0 1.06 (1.04-1.09) (] 0.98 (0.95-1.00
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FIGURE 3 Forest plot of subgroup analyses for the risk factors associated with frailty. (A), Male and (B) female. The first odds ratio per
carriable (black color) shows intermediate/high-risk outcomes. The second odds ratio per carriable (gray color) shows the high-risk outcomes.
Cl, confidence interval; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;

ORs, odds ratio; SBP, systolic blood pressure; TG, triglyceride.

demonstrated that low LDL-C level was a risk factor for frailty in
older Japanese males with diabetes but not in females.*° The lack of
association between low LDL-C and frailty in females might be
related to elevated serum total cholesterol and LDL-C levels after
menopause.3! Further studies should clarify the relationship between
serum cholesterol levels and frailty.

The prevalence of frailty in older Japanese adults aged >65 years
was higher in females than that in males,? consistent with findings in
Western countries.®? The current results, including middle-aged
adults, also showed that the proportion of frailty was higher among
females than that among males in all age categories. However, fe-
males showed less than half the prevalence of MetS and a smaller
effect of MetS on frailty than males. This is partly because more than
half of the participants were aged <50, including several premeno-
pausal women whose estrogen levels are protective against obesity
and MetS.3%3 Frailty in the middle-aged female is caused by factors
other than MetS.

In this study, the effects of MetS components on frailty were
diminished with age. Kane et al.* showed that MetS was associated

with frailty and mortality in the younger group (<65 years) but not in

the older group (>65 years), which is consistent with the results of
the present study. The development of frailty in older adults is more
influenced by factors other than MetS, various biological factors
related aging as well as changes in socioeconomic status with
retirement from full-time employment or multimorbidity.>> There-
fore, comprehensive care, apart from MetS intervention, is essential
to prevent frailty in older adults.

Although weight loss is a major risk factor for frailty, the results
of this study showed that a weight loss of <10% for 4 years pre-
vented the development of frailty in participants with overweight/
obesity and diabetes. Simpson et al. showed that lower HbA1c levels
among individuals with diabetes were associated with a smaller in-
crease in frailty scores over 8 years.*¢ Accordingly, improving blood
glucose levels with weight loss was considered effective in prevent-
ing frailty. Serra-Prat et al. examined the effectiveness of a weight-
loss intervention in preventing frailty in community-dwelling adults
with obesity aged 65-75 years in a randomized control trial®’; the
intervention allowed a reduction in inflammatory and insulin resis-
tance markers with weight loss but was not demonstrated to be

effective in preventing frailty owing to a short follow-up period
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TABLE 4 Interactions between MetS
components and weight change for
frailty risk among participants with
overweight/obesity (BMI >25 kg/m?).

Variables

3 . . 11 of 13
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Male (n = 763,895)
Adjusted ORs (95% CI)

Female (n = 256,870)
Adjusted ORs (95% Cl)

Weight change rate: <—10%

Weight change rate: —10% to —5%

Weight change rate: —5% to —3%

Weight change rate: —3% to +3%

Weight change rate: +3% to +5%

Weight change rate: +5% to +10%

Weight change rate: +10%<

DM*
Weight change rate:
Weight change rate:
Weight change rate:
Weight change rate:
Weight change rate:
Weight change rate:
Weight change rate:

HT*

Weight change rate:
<-10%

Weight change rate:
Weight change rate:
Weight change rate:
Weight change rate:
Weight change rate:
Weight change rate:
DL*
Weight change rate:
Weight change rate:
Weight change rate:
Weight change rate:

Weight change rate:

<-10%

—10% to —5%
—5% to -3%
—3% to +3%
+3% to +5%
+5% to +10%

+10%<

—10% to —5%
-5% to —3%
—3% to +3%
+3% to +5%
+5% to +10%

+10%<

<-10%
—10% to —5%
—5% to —3%
—3% to +3%

+3% to +5%

weight change rate: +5% to +10%

Weight change rate:

+10%<

1.42 (1.31-1.53)
1.22 (1.15-1.29)
1.09 (1.03-1.17)
Ref

0.99 (0.94-1.05)
1.01 (0.96-1.07)
1.20 (1.11-1.31)

0.94 (0.86-1.03)
0.87 (0.82-0.93)
0.88 (0.82-0.95)
Ref

1.19 (1.08-1.32)
1.16 (1.05-1.28)
1.26 (1.06-1.51)

1.32 (1.21-1.43)

1.12 (1.05-1.19)
1.02 (0.96-1.10)
Ref

0.96 (0.90-1.03)
1.05 (0.99-1.12)
1.06 (0.95-1.18)

1.11 (1.02-1.21)
0.99 (0.93-1.05)
0.98 (0.92-1.05)
Ref

0.96 (0.90-1.03)
1.00 (0.94-1.07)
1.01 (0.91-1.12)

1.69 (1.54-1.84)
1.25 (1.17-1.35)
1.13 (1.05-1.23)

0.95 (0.88-1.02)
1.00 (0.94-1.07)
1.22 (1.11-1.33)

0.85 (0.73-0.99)
0.83 (0.74-0.93)
0.92 (0.81-1.05)

1.12 (0.93-1.34)
1.24 (1.04-1.48)
1.34 (1.01-1.77)

1.10 (0.98-1.24)

1.08 (0.99-1.19)
0.98 (0.89-1.09)

0.99 (0.90-1.10)
1.00 (0.92-1.10)
1.02 (0.89-1.18)

0.90 (0.80-1.02)
0.96 (0.87-1.06)
0.96 (0.87-1.07)

0.94 (0.85-1.04)
1.01 (0.92-1.11)
1.07 (0.91-1.25)

Note: Adjusted for age, residential areas, occupation, smoking, and comorbidities status in 2015. Bold
font indicates statistical significance (p < 0.05).

Abbreviations: BMI, body mass index; Cl, confidence interval; DL, dyslipidemia; DM, diabetes
mellitus; HT, hypertension; MetS, metabolic syndrome; ORs, odds, ratio; Ref, reference.

(24 months). Therefore, an extended period might be required to
examine the effect of diabetes interventions on frailty prevention.
The strength of this study was the analysis of data from middle-
aged and older adults prone to developing lifestyle-related diseases
and the use of longitudinal analysis to clarify the relationship.
Furthermore, this was the first attempt to examine the impact of
MetS components on frailty using the hospital frailty risk score based

on disease codes obtained from health insurance claims data.

However, the present study had some limitations. First, the present
database did not include socioeconomic status, such as income or
education, associated with frailty mediated by depressive symp-
toms.3® Second, this study did not include the alcohol consumption
data as a covariate in this analysis because answering the question
regarding alcohol consumption was not mandatory; thus, numerous
values were missing. Third, the dietary information was not included

in the database. Nevertheless, this database is expected to provide
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further insights into MetS and frailty. Further studies should analyze
the effect of the medication type and weight loss modality (inten-

tional vs. unintentional) on the development of frailty.

5 | CONCLUSION

Obesity and MetS, and MetS components were independent risk
factors for frailty in both sexes, whereas the influence of MetS
components diminishes with age. Weight loss of up to 10% over
4 years prevented the development of frailty in participants with

overweight/obesity and diabetes.
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