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Abstract

Background Little is known about the relationship between metabolic syndrome (MetS) and disability in the oldest old.
Aims To investigate the possible association between MetS and disability among community-dwelling older adults
aged >90 years.

Methods This was a secondary analysis of a cross-sectional study. MetS was defined by the International Diabetes Federa-
tion Criteria. Activities of daily living (ADL) and instrumental activities of daily living (IADL) disabilities were evaluated
using the physical self-maintenance scale and the Lawton—Brody IADL scale, respectively.

Results We included 725 participants (mean age: 93.8 + 3.1 years). The prevalence of MetS was 13.0% in women and 9.8%
in men, respectively. In women, ADL and IADL disabilities were more prevalent in the MetS group compared with the non-
MetS group (ADL: 43.1 vs. 30.6%, p=0.044; IADL: 73.8 vs. 59.8%, p=0.030). After adjusting for relevant confounders,
participants with MetS was associated with an increased risk of either ADL (odds ratio [OR] 1.81, 95% confidence interval
[CI] 1.22-3.45) or IADL disability (OR 2.12, 95% CI 1.31-4.78) compared with those without MetS. In men, similar results
were found with respect to the prevalence of ADL or IADL disability and the adjusted ORs, but the results were not statisti-
cally significant.

Conclusion MetS is associated with an increased risk of either ADL or IADL disability in a study population of long-lived
adults, especially in women.

Keywords Activities of daily living - Disability - Metabolic syndrome

Introduction

Metabolic syndrome (MetS) is a cluster of cardiometabolic
risk factors, including abdominal obesity, dyslipidemia,
hypertension, and hyperglycemia [1]. Based on a study
population of more than 8,000 participants, the prevalence
of MetS across Europe was 24.3% in adults [2]. A recent

P4 Ming Yang
yangmier @ gmail.com

The Center of Gerontology and Geriatrics, West China
Hospital, Sichuan University, No.37 Guoxue Lane, Chengdu,
Sichuan, China

2 West China School of Medicine, Sichuan University, No.37
Guoxue Lane, Chengdu, Sichuan, China

Outpatient Department, West China Hospital, Sichuan
University, No.37 Guoxue Lane, Chengdu, Sichuan, China

4 The Center of Rehabilitation, West China Hospital, Sichuan
University, No.37 Guoxue Lane, Chengdu, Sichuan, China

study demonstrated that the prevalence of MetS increased
from 25.3 to 34.2% among adults aged > 18 years during
1988-2012 in the US [3]. The prevalence of MetS increases
with advanced age [4]. According to the National Choles-
terol Education Program (NCEP), the prevalence of MetS
varied from 23 to 55% in older adults worldwide [4].

MetS has been shown to be independently associated with
a high risk of many healthcare outcomes, such as cardiovas-
cular diseases, diabetes, medical costs and mortality [5, 6].
However, the association of MetS with functional limitations
or disability among older adults was controversial in previ-
ous studies [7-9]. For example, Liaw et al. reported that the
components of MetS, particularly abdominal obesity and
high triglyceride levels, were significantly associated with
disability in community-dwelling older adults [7]. Another
study also found that MetS was significantly related to func-
tional dependence in both activities of daily living (ADL)
and instrumental activities of daily living (IADL) among
community-dwelling older adults [8]. However, Blaum et al.
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reported that MetS was associated with mobility limitation
but not ADL or IADL disability among older Mexican
Americans [9]. All these studies were conducted in relatively
young older adults (mean age: 68.3—70.6 years).

Currently, there is limited evidence regarding the preva-
lence of MetS and its association with disability among the
oldest old. We, therefore, conducted this study to investigate
the possible association between MetS and disability among
a population of older adults aged 90 years and older.

Methods
Study population

The study is a secondary analysis of a previously pub-
lished cross-sectional study named “Project of Longevity
and Aging in Dujiangyan” (PLAD) in April 2005 [10]. The
study protocol was approved by the Research Ethics Com-
mittee of Sichuan University. We screened 1115 older adults
(>90 years) who living in Dujiangyan, China. Of whom, 870
individuals were evaluated through face-to-face interviews
and anthropometric measurements by well-experienced staff.
Their venous fasting blood samples were also collected. All
participants (or their legal proxies) were asked to sign an
informed consent.

MetS criteria

We applied the International Diabetes Federation Crite-
ria [11] to define MetS: abdominal obesity (defined as
waist circumference [WC]>90 cm for Chinese men and
>80 cm for Chinese women), combining with any two
or more of the following four factors: (1) systolic blood
pressure (SBP)> 130 mmHg or diastolic blood pressure
(DBP) > 85 mmHg or receiving treatment of hypertension;
(2) triglyceride (TG) > 1.7 mmol/L or receiving lipid-lower-
ing therapy; (3) high-density lipoprotein cholesterol (HDL-
C)<1.29 mmol/L in women or < 1.03 mmol/L in men or
receiving treatment for this lipid abnormality; and (4) fasting
blood glucose > 5.6 mmol/L or receiving the treatment of
type two diabetes.

Measurement of ADL and IADL disability

The ADL and IADL disability were evaluated with the phys-
ical self-maintenance scale (PSMS) and the Lawton—Brody
IADL scale [12], respectively. The PSMS was a six-item
scale, including eating, walking, grooming, dressing, toilet-
ing, and bathing. The Lawton-Brody IADL scale was an
eight-item scale, including shopping, housekeeping, food
preparation, laundry, transportation, self-management of
medication, using the telephone, and handling finances.
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The options for each item was “cannot do by myself”, “need
some help from other people”, “some difficulty but can do
by myself”, “can do by myself”. In our study, impairment
was defined as “cannot do by myself”, “need some help from
other people”. The ADL disability was defined as having an
impairment in any of the six items of the PSMS. The IADL
disability was defined as having an impairment in any of the

eight items of the Lawton—Brody IADL scale.
Other covariates

We included the following covariates in the analyses: age,
gender, smoking status, alcohol drinking status, physical
activities, cognitive impairment (evaluated with the Chi-
nese version of Mini Mental Status Examination [MMSE])
[13], and depression (evaluated with the 23-item Geriatric
Depression Scale—Chinese Edition [GDS-CD]) [14]. The
following chronic diseases were also evaluated using a self-
reported questionnaire: bone fracture, cardiovascular dis-
ease, respiratory disease, stroke, osteoarthritis, visual prob-
lems, and hearing problems.

Statistical analysis

All statistical analyses were performed in SPPS 20.0 (IBM
Inc., Armonk, NY). Continuous and categorical data are
presented as the mean + standard deviation (SD) and num-
ber (percentage), respectively. Clinical characteristics were
compared based on the MetS category. The differences
between groups were tested by the Pearson chi-squared test
and ANOVA for the categorical variables and the continu-
ous variables, respectively. Two-tailed p value < 0.05 was
considered to indicate statistically significant. We applied
logistic regression models to estimate the adjusted odds
ratios (OR) and 95% confidence intervals (CI) for disability
by MetS and its components (abdominal obesity, high blood
pressure, high TG, low HDL-C, and high FBG), separately.
Model 1 was adjusted for age and gender. Model 2 included
Model 1+ smoking status, alcohol drinking status, physi-
cal activities, hemoglobin, and the chronic diseases adjust-
ment. Model 3 included Model 2 + cognitive impairment and
depression adjustment. In addition, we stratified our data
by gender, because previous studies found that the preva-
lence of either disability or MetS was significantly different
between men and women [15, 16].

Results

We included 725 individuals (500 women and 225 men) in
this study, 145 participants were excluded due to missing
data on ADL/TADL (92 individuals) and/or MetS (82 indi-
viduals). There was no significant difference between the
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included and excluded populations with regard to age (mean
age: 93.8+ 3.1 years and 93.6+ 3.5 years, respectively;
p=0.786) and gender (women: 69 and 62.1%, respectively;
p=0.105).

Characteristics of participants with or without MetS
The characteristics of the study population are presented in

Table 1. The prevalence of MetS was 12, 13, and 9.8% in
the whole study population, women, and men, respectively.

The prevalence of ADL disability was 30.9, 32.2, and 28%
in the whole study population, women and men; whereas the
prevalence of IADL was 60.4, 61.6, and 57.8%, respectively.

Among the whole study population, individuals with
MetS, compared with those without MetS, were more
likely to have ADL disability (41.4 vs. 29.5%, p=0.024)
and IADL disability (71.3 vs. 58.9%, p=0.027). Similarly,
women with MetS, compared with women without MetS,
were more likely to have ADL disability (43.1 vs. 30.6%,
p=0.044) and TADL disability (73.8 vs. 59.8%, p =0.030).

Table 1 Characteristics of the study population according to gender and MetS

Total (n="725) Women (n=500) Men (n=225)
MetS n (%) Without MetS )4 MetS n (%) Without MetS p MetS n (%) Without MetS p
n (%) n (%) n (%)
n 87 (12) 638 (88) 65 (13) 435 (87) 22 (9.8) 203 (90.2)
Age, year® 93.6+3.2 939+3.5 0.615 935+3.1 93.9+33 0.781  93.6+2.9 93.8+3.4 0.698
ADL disability 36 (41.4) 188 (29.5) 0.024 28 (43.1) 133 (30.6) 0.044 8(36.4) 55 (27.1) 0.358
IADL disability 62 (71.3) 376 (58.9) 0.027 48 (73.8) 260 (59.8) 0.030 14 (63.6) 116 (53.7) 0.374
SBP, mmHg* 155+£17.9 139+22.6 <0.001 157.1£19.0 139.5+24.3 <0.001 151.8+12.1 136.6+19.9 0.038
DBP, mmHg* 78.1+149 71.8+11.2 <0.001 78.7+149 71.2+10.8 0.001 77.6+7.5 729+114 0.278
FBG, mmol/L* 5.2+2.0 45+1.5 <0.001 5.1+1.9 44+12 0.018 7.6x2.7 4.6+1.7 <0.001
TC, mmol/L? 46+1.1 46+19 0.887 44+1.1 42+09 <0.001 4.2+1.1 55+25 0.778
TG, mmol/L? 21+1.2 1.3+0.7 <0.001 22+1.3 1.2+0.7 <0.001 2.0+1.2 1.1+0.5 <0.001
LDL-C, mmol/  2.7+0.8 2.1+0.5 <0.001 2.6+0.8 2.3+0.8 <0.001 2.5+0.6 2.0+0.4 0.035
LEI
HDL-C, mmol/ 1.5+0.4 1.6+0.9 0.106 14+04 1.8+0.9 0.007 1.3+0.5 1.5+0.8 0.189
LA
BMI, kg/m?* 22.1+3.6 18.7+3.8 <0.001 22.1+3.1 18.4+3.2 <0.001 24.1+4.7 19.5+3.9 0.001
WC, cm? 87.8+52 76.5+7.9 <0.001 87.2+5.2 75.6+8.1 <0.001 92.1+2.5 783+7.3 <0.001
Current smokers 32 (36.8) 280 (43.9) 0.209 20 (30.8) 132 (30.3) 0.945 12 (54.5) 148 (72.9) 0.071
Current alcohol 17 (19.5) 175 (27.4) 0.118 8(12.3) 90 (20.7) 0.112 9 (40.9) 85 (41.9) 0.931
drinkers
Exercise habits 35 (40.2) 265 (41.5) 0.816 26 (40) 179 (41.1) 0.860 9 (40.9) 86 (42.4) 0.896
Cardiovascular 28 (32.2) 88 (13.8) <0.001 20 (30.8) 60 (13.8) <0.001 8(36.4) 28 (13.8) 0.006
disease
Respiratory 17 (19.5) 88 (13.8) 0.153 14 (21.5) 65 (14.9) 0.174 3 (13.6) 23 (11.3) 0.748
disease
Stroke 6(6.9) 19 (3.0) 0.060 5(7.7) 15(3.4) 0.103 1(4.5) 6 (3.0) 0.683
Osteoarthritis 33 (37.9) 195 (30.6) 0.165 25(38.5) 145 (33.3) 0416  8(36.5) 50 (24.6) 0.232
Bone fracture 8(9.2) 61 (9.6) 0913  6(9.2) 50 (11.5) 0.599 2.1 11 (5.4) 0.463
Visual problems 35 (40.2) 290 (45.5) 0.358  25(38.5) 200 (46.0) 0.256 10 (45.5) 90 (44.3) 0.920
Hearing prob- 43 (49.4) 313 (49.1) 0.949 30 (46.2) 212 (48.7) 0.698 13 (59.1) 101 (49.8) 0.405
lems
Cognitive 52(59.8) 396 (62.1) 0.679 40 (61.5) 301 (69.2) 0.216  12(54.5) 95 (45.8) 0.435
impairment
Depression 28 (32.2) 148 (23.2) 0.067 22 (27.7) 95 (21.8) 0.293  6(27.3) 53 (26.1) 0.906

The one-way ANOVA was used for the continuous variables, and the Pearson chi-squared test was used for the categorical variables. During

testing, p <0.05 indicated statistically significant

ADL activities of daily living, BMI body mass index, DBP diastolic blood pressure, FBG fasting blood glucose, HDL-C high-density lipoprotein
cholesterol, JADL instrumental activities of daily living, LDL-C low density lipoprotein cholesterol, MetS metabolic syndrome, SBP systolic
blood pressure, SUA serum uric acid, TC total cholesterol, TG triglyceride, WC waist circumference

#Data are presented as the mean + standard deviation (SD)
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However, no significant difference was identified between
men with MetS and men without MetS with regard to

either ADL disability (36.4 vs. 27.1%, p=0.358) or IADL

disability (63.6 vs. 53.7%, p=0.374). In addition, among
both women and men, individuals with MetS were more
prone to cardiovascular diseases than those without MetS.

Table 2 The association of MetS and its components with ADL and IADL disability according to logistic regression models

Association of MetS and its components with ADL
disability

The results of the logistic regression models regarding the
association of MetS with ADL and TADL disability are pre-
sented in Table 2. After adjusting for potential confounders,

MetS was significantly associated with an increased risk of
ADL disability in the whole study population (fully adjusted

MetS
Model 1
Model 2
Model 3

ADL disability IADL disability

Total Women Men Total Women Men

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
1.53 (1.02-5.65) 1.67 (1.02-4.56) 1.55 (1.01-3.32) 2.05 (1.08-4.95) 1.98 (1.10-4.88) 2.22 (0.95-4.61)
1.88 (1.05-4.35) 1.73 (1.18-3.56) 1.84 (0.99-3.15) 2.15(1.23-4.87) 2.03 (1.09-4.95) 2.34 (0.98-4.32)
1.65 (1.10-3.21) 1.81 (1.22-3.45) 1.92 (0.98-3.11) 2.09 (1.17-4.32) 2.12 (1.31-4.78) 2.20 (0.97-4.01)

Components of MetS

Abdominal obesity

Model 1 1.33 (1.08-4.59)

Model 2 1.21 (1.01-3.99)

Model 3 1.28 (1.08-3.41)
High blood pressure

Model 1 2.05 (0.75-4.11)

Model 2 1.99 (0.81-4.02)

Model 3 1.86 (0.83-3.83)
High TG

Model 1 1.74 (0.84-3.62)

Model 2 1.78 (0.87-3.71)

Model 3 1.67 (0.93-3.44)
Low HDL-C

Model 1 1.15 (0.56-2.51)

Model 2 1.10 (0.62-2.32)

Model 3 1.08 (0.55-2.58)
High FBG

Model 1 0.98 (0.87-2.36)

Model 2 1.02 (0.93-2.23)

Model 3 1.06 (0.86-2.51)
Age

Model 1 1.09 (1.01-1.38)

Model 2 1.12 (1.04-1.42)

Model 3 1.15 (1.05-1.50)
Bone fracture

Model 1 1.32 (1.09-3.57)

Model 2 1.36 (1.10-3.68)

Model 3 1.33 (1.08-3.55)

1.45 (1.16-4.38)
1.39 (1.21-4.27)
1.41 (1.25-4.11)

2.12 (0.85-4.32)
2.26 (0.78-4.59)
2.30 (0.91-4.34)

1.81 (0.76-3.77)
1.84 (0.77-3.65)
1.76 (0.74-3.61)

1.08 (0.52-2.22)
1.06 (0.51-2.35)
1.06 (0.65-2.12)

0.92 (0.77-2.22)
0.99 (0.83-2.56)
0.98 (0.87-2.35)

1.04 (1.00-1.29)
1.08 (1.03-1.31)
1.10 (1.05-1.37)

1.41 (1.13-3.89)
1.42 (1.14-3.72)
1.44 (1.10-3.85)

1.22 (0.99-3.78)
1.19 (0.91-4.12)
1.25 (0.88-4.14)

1.95 (0.79-3.26)
1.87 (0.81-3.55)
1.79 (0.83-3.64)

1.66 (0.93-3.31)
1.67 (0.91-3.26)
1.61 (0.97-3.45)

1.21 (0.68-2.51)
1.18 (0.72-2.56)
1.15 (0.76-2.63)

1.10 (0.89-3.12)
1.09 (0.90-3.05)
1.13 (0.88-3.01)

1.13 (1.09-1.42)
1.11 (1.09-1.48)
1.14 (1.10-1.49)

1.38 (1.15-2.99)
1.36 (1.09-3.05)
1.37 (1.11-2.98)

1.88 (1.23-3.95)
1.70 (1.30-4.02)
175 (1.21-3.73)

3.23 (0.88-6.25)
3.33 (0.79-6.13)
3.02 (0.83-5.97)

1.80 (0.75-3.26)
1.87 (0.77-3.55)
1.70 (0.73-3.13)

1.98 (0.66-5.11)
1.89 (0.72-5.73)
1.80 (0.81-4.99)

1.02 (0.84-2.55)
1.00 (0.78-2.62)
1.06 (0.77-2.81)

1.34 (1.12-1.74)
1.29 (1.08-1.68)
1.31 (1.09-1.71)

1.87 (1.26-2.66)
1.88 (1.30-2.78)
1.82 (1.29-2.56)

1.92 (1.36-4.05)
1.78 (1.24-3.86)
1.77 (1.19-3.77)

3.87 (0.95-6.12)
3.77 (0.91-6.01)
3.65 (0.89-5.96)

2.11 (0.92-3.71)
2.02 (0.85-3.42)
1.99 (0.82-3.33)

1.82 (0.76-5.02)
1.84 (0.74-4.96)
1.79 (0.71-4.88)

0.99 (0.85-2.26)
0.97 (0.77-2.14)
0.98 (0.75-2.11)

1.44 (1.20-1.98)
1.47 (1.18-2.01)
1.49 (1.11-1.97)

2.02 (1.58-2.97)
1.98 (1.62-2.81)
1.96 (1.58-2.77)

1.87 (0.82-5.02)
1.62 (0.91-4.78)
1.60 (0.92-4.55)

2.68 (0.91-4.22)
2.58 (0.89-4.14)
2.32 (0.77-3.92)

1.52 (0.95-3.33)
1.58 (0.91-3.56)
1.46 (0.81-3.13)

2.06 (0.98-4.31)
1.99 (0.95-3.68)
1.92 (0.91-3.71)

1.15 (0.78-3.05)
1.08 (0.77-3.01)
1.09 (0.79-2.98)

1.30 (1.17-1.99)
1.27 (1.15-1.96)
1.25 (1.10-1.91)

1.69 (1.52-2.54)
1.71 (1.49-2.38)
1.74 (1.46-2.21)

Model 1 was adjusted for age and gender. Model 2 included Model 1+ smoking status, alcohol drinking status, physical activities, and the
chronic diseases adjustment. Model 3 included Model 2 + cognitive impairment and depression adjustment

Except for MetS and its components, only significant variables are presented in Table 2

ADL activities of daily living, CI confidence interval, FBG fasting blood glucose, HDL-C high-density lipoprotein cholesterol, JADL instrumen-
tal activities of daily living, MetS metabolic syndrome, OR odds ratio, 7G triglyceride
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OR, 1.65;95% CI 1.10-3.21) and in women (fully adjusted
OR, 1.81;95% CI 1.22-3.45). In men, there was a trend that
MetS was associated with ADL disability, but the result was
not statistically significant (fully adjusted OR, 1.92; 95% CI
0.98-3.11).

When considering the components of MetS, only abdomi-
nal obesity was significantly related to an increased risk of
ADL disability in the whole study population (fully adjusted
OR 1.28; 95% CI 1.08-3.41). This relationship was signifi-
cant in women (fully adjusted OR 1.41; 95% CI 1.25-4.11)
but not in men (fully adjusted OR 1.25; 95% CI1 0.88—4.14).

Association of MetS and its components with IADL
disability

Similarly, MetS was significantly associated with an
increased risk of IADL disability in the whole study popu-
lation (fully adjusted OR 2.09; 95% CI 1.17-4.32) and in
women (fully adjusted OR 2.12; 95% CI 1.31-4.78), but the
result was not statistically significant in men (fully adjusted
OR 2.20; 95% CI1 0.87-4.01) (Table 2).

In the components of MetS, only abdominal obesity was
significantly related to an increased risk of IADL disability
in the whole study population (fully adjusted OR 1.75; 95%
CI 1.21-3.73) and in women (fully adjusted OR 1.77; 95%
CI 1.19-3.77). However, this relationship was not significant
in men (fully adjusted OR 1.60; 95% CI 0.92—4.55).

Other significant covariables associated
with disability

Not surprisingly, age was significantly associated with both
ADL (fully adjusted OR 1.15; 95% CI 1.05-1.50) and IADL
disabilities (fully adjusted OR 1.31; 95% CI 1.09-1.71). In
addition, bone fracture was significantly associated with
ADL (fully adjusted OR 1.33;95% CI 1.08-3.55) and IADL
disabilities (fully adjusted OR 1.82; 95% CI 1.29-2.56). The
sub-group analysis also demonstrated that age and bone frac-
ture were significantly associated with ADL and IADL dis-
abilities in both men and women (Table 2).

Discussion

In our study population, MetS was not common (12%), but
it was still independently associated with a higher risk of
both ADL and IADL disabilities, especially in women. In
both genders, individuals with MetS were more prone to
cardiovascular diseases compared with those without MetS.

To the best of our knowledge, this study is the first to
provide the evidence of the association between MetS and
ADL/IADL disability among a population of nonagenar-
ians and centenarians. Our findings were in line with some

previous cross-sectional and prospective studies conducted
in young older adults [7, 8]. However, some other studies
did not identify the association between MetS and disability
among various populations. For example, a cross-sectional
study reported that MetS is prevalent in older adults with
the risk of disability, but it was not independently associ-
ated with walking speed, lower extremity function, or self-
reported ADL/TADL disability [17]. Another prospective
study indicated that MetS was associated with an increased
risk of new-onset IADL disability but not ADL disability
[18]. Moreover, a prospective study even found that MetS
was a protective factor of ADL disability among older adults
aged 70 to 89 years [19]. Because of the significant differ-
ence across studies with respect to the study population, the
definition of disability and MetS, and the adjusted confound-
ers, it was hard to compare the results of these studies. Based
on current evidence, we cannot draw any robust conclusion
regarding the relationship between MetS and disability.

The prevalence of MetS among our study population was
lower than that among younger elderly people in previous
studies. One possible reason for this low prevalence might
be due to survival bias: individuals with MetS were less
likely to survive into their 90-year age. Additionally, the
prevalence of MetS depends on the definition of MetS [20].
In our study, we used the International Diabetes Federation
Criteria [11] to define MetS, however, it remained unclear
whether this definition and the relevant cut-off points were
appropriate for diagnosing MetS in the oldest old.

Gender differences in the prevalence of MetS were widely
reported in previous studies. Our study found a higher preva-
lence of MetS in women compared with men. This finding
was in accordance with some previous studies. For exam-
ple, a systematic review of nine studies reported that the
prevalence of MetS ranged from 29.6 to 36.2% in men and
from 36.1 to 45.9% in women in Gulf Cooperation Council
Countries [21]. However, some other studies reported oppo-
site results. For example, a previous study found that the
prevalence of MetS was 26.4% in men and 15.7% in women
in Australia [22].

When focusing on the components of MetS, our study
found that only abdominal obesity was independently asso-
ciated with ADL and IADL disabilities, whereas the other
four components (high blood pressure, high TG, Low HDL-
C, and High FBG) were not. This finding was similar to a
recent study [7]. In that study, among the five components
of MetS, only abdominal obesity and high TG levels were
independently associated with functional disability in older
adults [7]. These findings imply that although the impair-
ment of a certain component of MetS may not be associated
with disability independently, the “cumulative” impairments
of these components may contribute to disability.

One possible mechanism underlying the association
between MetS and disability might be chronic low-grade
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systemic inflammation, which has been shown to connect
aging and MetS [23]. A prospective cohort study demon-
strated that older women with high interleukin (IL)-6 serum
levels are at an increased risk of disability compared with
those with lower levels [24]. Another prospective study
included 880 older adults aged 70 to 79 years and reported
that the serum IL-6 level predicted the onset of disability
during 7-year follow-up [25]. These findings indicated that
chronic systemic inflammation might play a role in func-
tional disability as well.

MetS may contribute to disability not only via chronic
low-grade inflammation but also via artery aging. For exam-
ple, Scuteri et al. reported that MetS was associated with
increased arterial thickness and stiffness [26], the latter has
been associated with walking disability in older adults with
peripheral artery disease [27] and cognitive decline [28].

Our study has some limitations. First, we failed to adjust
for some important confounders, such as frailty and sarcope-
nia. Because these factors were not evaluated in the PLAD
study. A prospective study showed that frailty and its com-
ponents (including slowness, weakness and weight loss) has
a significant impact on the incidence of disability [29]. Pre-
vious studies demonstrated that sarcopenia was associated
with a higher risk of both disability [30] and MetS [31, 32]
in older adults. Therefore, future studies addressing the rela-
tionship between disability and MetS should consider adjust-
ing for sarcopenia and frailty. Second, because of the cross-
sectional design, we could not make a causal inference about
the association between MetS and ADL or IADL disability.
Third, we did not adjust for medications and polypharmacy
(the concomitant use of > 5 medications) in our study. Pre-
vious studies indicated that some medications (e.g., benzo-
diazepine or anticholinergic drugs) [33] and polypharmacy
[34] was associated with functional decline in older adults.
Last, because our study is a secondary analysis of the PLAD
study, survival bias and reporting bias might exist.

In conclusion, both ADL and IADL disabilities were
prevalent among a population of Chinese older adults aged
90 years or older. MetS was not common, but individuals
with MetS, compared those without MetS, were more likely
to report ADL or IADL disability. This trend was significant
in women. These findings need to be validated in future pro-
spectively studies.
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