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Background:  Metabolic syndrome (MetS) and functional limitation have been linked, but whether and how specific 
components of MetS and associated factors, such as inflammation, drive this relationship is unknown.

Methods:  Data are from 2,822 men and women, aged 70–79 years, participating in the Health, Aging, and Body 
Composition (Health ABC) study and followed for 5 years. Presence of MetS at baseline was defined according to the 
National Cholesterol Education Program Adult Treatment Panel III guidelines. Interleukin-6, C-reactive protein, and 
body fat mass were measured at baseline. Measures of physical performance, including 400-m walk time, 20-m walking 
speed, and the Health ABC physical performance battery (PPB) were obtained at baseline and examination years 2, 4, 
and 6.

Results:  A total of 1,036 (37%) individuals met criteria for MetS. MetS was associated with poorer physical perfor-
mance at baseline. Effect estimates between MetS and gait speed, and components of the Health ABC PPB (standing 
balance and repeated sit-to-stand performance) were modestly attenuated after adjustment for inflammation. All associa-
tions were attenuated to nonsignificance after adding total body fat mass to the model. Longitudinal analyses yielded 
similar results. Individual MetS component analysis revealed that abdominal obesity explained the largest fraction of the 
variation in physical performance.

Conclusions:  Although inflammatory biomarkers partially accounted for the relationship between MetS and aspects 
of physical performance, overall findings implicate adiposity as the primary factor explaining poorer physical perfor-
mance in older adults with MetS.
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For older adults, preservation of physical function is criti-
cally important to independent living. Indices of physi-

cal performance decline with age (1,2), and these declines 
predict higher rates of disability, institutionalization, and 
mortality (3–5). Given the growing demographic of persons 
aged 65 years and older (6), coupled with the economic (7) 
and emotional burden related to age-associated loss of physi-
cal function, prompt identification of modifiable functional 
decline risk factors is of considerable public health concern.

Metabolic syndrome (MetS) is a clustering of cardio-
vascular risk factors, including abdominal obesity, dyslipi-
demia, hypertension, and impaired glucose tolerance. This 
prevalent, yet treatable, condition affects at least 42% of 
adults aged 70  years and older (8). Although slightly dif-
ferent operational definitions of the disorder exist (9–12), 
essential components are similar and diagnosis requires the 
presence of at least three criteria. Cross-sectional studies 
have linked MetS and poorer physical performance (13,14), 
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and recent longitudinal research suggests that older indi-
viduals with MetS, especially those with abdominal obesity, 
are at greater risk for developing self-reported functional 
impairments than those without MetS (15,16). However, 
these findings are based on self-reported measures of disa-
bility. Thus, confirmation is warranted using objective meas-
ures of physical function to determine the independent role 
of MetS as a risk factor for age-related functional decline.

Whether individual MetS components or underlying fac-
tors mediate the relationship between MetS and functional 
decline is also unknown. For instance, several observational 
studies demonstrate a direct relationship between well-known 
markers of inflammation and prevalence and severity of MetS 
(17–21). Likewise, inflammation has also been implicated in 
physical dysfunction in older adults (22–25), leading to spec-
ulation that the inflammatory pathway may be one mecha-
nism by which MetS leads to functional decline. Additionally, 
evidence from several observational studies implicates obe-
sity (as measured by body mass index [BMI]) in reduced 
physical performance (26–28). Abdominal obesity, measured 
via waist circumference, is a diagnostic component of MetS 
and contributor to inflammatory burden (29). Therefore, it is 
also plausible that associations between MetS and physical 
performance are mediated by excessive fat mass, particularly 
abdominal fat. Collectively, these data suggest involvement 
of MetS, inflammation, and global and regional adiposity in 
the progression of functional decline in older adults, although 
relative contributions of each are unclear.

The purpose of this study was to evaluate the role of 
MetS as a risk factor for decline in functional performance 
in late life. Secondarily, we sought to examine whether this 
association is independent of inflammation or fat mass in 
the presence of MetS. We hypothesized that the presence of 
MetS is predictive of lower physical performance at base-
line and over time, and that inflammation and adiposity are 
both partial mediators of this relationship.

Methods

Study Population
Participants were from the Health, Aging, and Body 

Composition (Health ABC) Study, a prospective cohort 
study of 3,075 well-functioning white and black older adults, 
aged 70–79 years. Participants were recruited in 1997 and 
1998 from a random sample of white and all black Medicare-
eligible beneficiaries residing in the areas surround-
ing Pittsburgh, Pennsylvania, and Memphis, Tennessee. 
Participants were excluded if they (a) reported difficulty in 
walking for a quarter of a mile, walking up 10 steps, or per-
forming activities of daily living; (b) had active cancer treat-
ment in the past 3 years, or (c) planned to move from the 
area in the next 3 years. Of the entire Health ABC cohort, 
252 participants were excluded from the primary cross- 
sectional analysis due to missing covariate information 
(62 were missing MetS status, 20 body fat mass, 5 smoking 

status, 11 alcohol consumption, 3 self-reported diabetes 
status, 9 anti-inflammatory drug use, 11 C-reactive protein 
[CRP] level, and 131 interleukin-6 [IL-6] level) and 1 par-
ticipant was excluded due to missing performance measures 
at baseline, leaving a study sample size of 2,822. For longi-
tudinal analyses, sample sizes for all outcomes indicate the 
number of Health ABC participants with data at baseline 
and at least one follow-up time point. Although longitudinal 
sample size varied by outcome measure, of 2,719 participants 
with baseline Health ABC PPB score information at baseline, 
19% were lost to follow-up during the 5-year period. All par-
ticipants provided written informed consent, approved by the 
Institutional Review Boards of the clinical sites.

Measurements

Metabolic syndrome.—The presence of MetS was 
defined using the National Cholesterol Education Program 
Adult Treatment Panel III guidelines (30). Specifically, 
MetS diagnosis was contingent on the presence of at least 
three of the following criteria: (a) abdominal obesity (waist 
circumference >102 cm in men and >88 cm in women), (b) 
triglyceride level ≥150 mg/dL, (c) low high-density lipopro-
tein (HDL) cholesterol (<40 mg/dL in men and <50 mg/dL 
in women), (d) systolic blood pressure ≥130 mm Hg and/
or diastolic blood pressure ≥85 mm Hg or use of antihyper-
tensive medication, and (e) high fasting glucose (≥110 mg/
dL or use of antidiabetic medication). At the baseline visit, 
waist circumference and blood pressure were both aver-
aged over two measurements. Lipid and blood glucose lev-
els were measured using standard procedures (31) after an 
overnight fast. All prescription medications taken within 2 
weeks of the baseline assessment were documented on a 
standardized medication inventory form.

Physical performance.—Physical performance meas-
ures were assessed as previously described, and include the 
400-m walk (32), 20-m walk (32), and Health ABC physical 
performance battery (PPB) (33), comprised a 6-m usual and 
narrow walk, standing balance, and repeated chair stand test 
(34). Collectively, these objective measures provide infor-
mation about physical performance and were measured in 
years 1 (baseline), 2 (400-m and 20-m walk only), 4, and 6 
of the Health ABC study.

Inflammatory biomarkers.—Baseline inflammatory 
biomarkers included in these analyses are CRP and IL-6. 
Fasting blood samples were obtained from participants by 
venipuncture. Serum concentrations of the cytokines were 
measured in duplicate by enzyme-linked immunosorbent 
assay kits from R&D Systems (Minneapolis, MN); methods 
were previously published (35).

Covariates.—Demographic characteristics (age, race, 
sex, study site, and educational level), smoking status, alco-
hol consumption, physical activity, presence of diabetes 



	 METABOLIC SYNDROME AND PHYSICAL FUNCTION	 619

(DM), cardiovascular disease (CVD; including coronary 
heart disease, congestive heart failure, and stroke), chronic 
knee pain, and anti-inflammatory drug use were ascertained 
by an interviewer-administered questionnaire at study base-
line. The time and intensity of self-reported physical activi-
ties performed in the past 7 days were summed (kcal/week) 
and divided into three levels defined as low (<1000 kcal/
week), medium (1000–2000 kcal/week), and high (≥2000 
kcal/week) activity levels. Body weight and height were 
measured at baseline, and BMI was calculated as weight 
divided by the square of height (kg/m2). Finally, body fat 
mass was determined by dual-energy x-ray absorptiometry 
(QDR 4500; Hologic Inc., Waltham, MA).

Statistical analysis.—All data were initially analyzed 
using descriptive statistics. Sample means and standard 
deviations were computed for continuous variables and 
counts and proportions were calculated for categorical 
variables. Because IL-6 and CRP levels were not normally 
distributed, medians and interquartile ranges are provided. 
Linear regression models were used to fit the association 
between presence of MetS (binary covariate of interest) 
and physical performance at baseline (dependent variable). 
Models were adjusted for other relevant covariates, includ-
ing age, race, sex, study site, educational level, height, 
smoking status, alcohol use, physical activity, presence of 
comorbidities (DM and CVD), chronic knee pain, and anti-
inflammatory drug use. CRP, IL-6, and total body fat were 
also included independently as potential mediators.

To model the association between presence of MetS and 
change in physical performance over time, mixed effects 
models containing the same covariates listed above, plus 
baseline outcome measure and time, were used. An unstruc-
tured covariance matrix was used to model the correlation 
of repeated measures. MetS by time and Mets by gender 
interactions were tested, with stratification performed when 
necessary. Finally, all models were re-run excluding partici-
pants with prevalent diabetes at baseline.

To explore the variation in physical performance explained 
by MetS or its components, the coefficient of determination 
(R2) statistic for the fully adjusted covariates model and the 
model including covariates and MetS or its components was 
calculated. The partial R2 captures the marginal contribution 
of MetS and/or one of its components beyond that of the 
covariates. Further, we tested whether the observed partial R2 
was equal to 0 using an F test. For the mixed effects model, 
R2 specific to the MetS-related variables were calculated as
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where n is the number of participants, log L
M
 the log-like-

lihood of the full model (basic covariates plus MetS or its 
individual components), and log L

0
 the log-likelihood of 

the model with basic covariates (36). All analyses were 
performed using SAS software, version 9.1 (SAS Institute, 

Cary, NC) with a two-sided alpha level of 0.05 to indicate 
statistical significance.

Results

Participant Characteristics
The mean age of the study sample (n = 2822) at baseline 

was 73.6 years and 52% were women. Excluded participants 
(n = 253) were similar in age and sex, but were more likely to 
be black (51% vs 41%; p < .01). Excluded participants also 
had slower 6-m and 20-m walking speeds (mean difference 
[SE]: −0.04 [0.02] m/s and −0.07 [0.02] m/s, respectively) 
than the study sample, but were otherwise similar at baseline. 
Participant characteristics by MetS status are shown in 
Table 1. Of the 1,036 (37%) individuals who met the criteria 

Table 1.  Descriptive Baseline Characteristics According to 
Metabolic Syndrome Status

Metabolic Syndrome Presence

p ValueNo Yes

N (%) 1786 (63) 1036 (37) <.01
Age (y) 73.7 ± 2.9 73.5 ± 2.8 .18
Black race (%) 751 (42) 401 (39) .09
Female sex (%) 861 (48) 594 (57) <.01
Site (% Memphis) 901 (50) 516 (50) .74
Years of education (%)
  Less than high school 445 (25) 254 (25) .25
  High school graduate 565 (32) 358 (35)
  Postsecondary 733 (43) 422 (41)
Height 166.5 ± 9.6 165.8 ± 8.9 .07
Smoking status (%)
  Former 799 (45) 495 (48) <.01
  Current 204 (11) 77 (7)
  Never 783 (44) 464 (45)
Drinking status (%)
  None 851 (48) 573 (55) <.01
  <1 drink/wk 368 (21) 217 (21)
  1–7 drinks/wk 423 (24) 186 (18)
  >1 drink/d 144 (8) 60 (6)
Prevalent disease (%)
  Diabetes 108 (6) 309 (30) <.01
  CVD 223 (12) 197 (19) <.01
Chronic knee pain (%) 255 (14) 194 (19) <.01
Anti-inflammatory drug 

use (%)
911 (51) 577 (56) .02

Physical activity (%)
  <1000 kcal/wk 891 (50) 583 (56) <.01
  1000–2000 kcal/wk 610 (34) 320 (31)

  ≥2000 kcal/wk 285 (16) 133 (13)

CRP (µg/mL) 1.5 (0.9–2.7) 2.1 (1.2–3.8) <.01*

IL-6 (pg/mL) 1.7 (1.1–2.5) 2.1 (1.5–3.2) <.01*
Fat mass (kg) 24.6 ± 8.1 30.6 ± 8.4 <.01

Note: Data are presented as means ± SD for continuous variables and 
n (%) for categorical variables. Differences were assessed using t tests for 
continuous variables and chi-squared tests for categorical variables. Due to 
violation of the normality assumption, CRP and IL-6 data are presented as 
medians (interquartile range).

Abbreviations: N = sample size; CVD = cardiovascular disease; 
CRP = C-reactive protein; IL-6 = interleukin-6.

*p values are presented after log transformation.
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for MetS, 670 (65%) had elevated triglycerides, 898 (87%) 
were abdominally obese, 905 (87%) had hypertension, 506 
(49%) had elevated blood glucose levels, and 652 (63%) 
had lower HDL. Only 1% of participants with MetS had 
all five components of the syndrome. Nearly half (n = 500) 
had abdominal obesity but not glucose intolerance, whereas 
only 84 participants with MetS had glucose intolerance but 
not abdominal obesity. Overall, persons with MetS were 
less likely to be physically active and be a current smoker 
or alcohol drinker, and were more likely to be women, have 
high body mass, have CVD or DM, report chronic knee pain 
and use of anti-inflammatory medications, and have higher 
baseline levels of systemic inflammatory biomarkers.

Baseline Associations Between MetS and Physical 
Performance

Baseline physical performance measures according to 
MetS status are presented in Table 2. In analyses adjusted for 
age, race, sex, study site, and educational level (Model 1), 
people with MetS had longer 400-m walk time (least squares 
mean difference [SE]: −14.31 [2.46] s, p < .01) and slower 
20-m walking speed (least squares mean difference [SE]: 
−0.04 [0.01] m/s, p < .01), as well as a lower score on the 
Health ABC PPB (least squares mean difference [SE]: −0.11 
[0.02], p < .01) compared with those without MetS. Likewise, 
individual components of the Health ABC PPB were also 
worse for those with MetS compared with those without MetS 
(least squares mean difference [SE]: −0.03 [0.01] m/s for 6-m 
walking speed, −0.02 [0.01] m/s for 6-m narrow walking 
speed, −3.74 [0.89] s for standing balance, and −0.02 [0.00] 
m/s for chair stand pace; p for all <.05). Associations between 
MetS and all performance measures, except chair stand pace 
and 6-m narrow walking speed, remained significant after 
additional covariate adjustment (Model 2).

To determine whether the association between MetS and 
physical performance was independent of inflammation or 
adiposity, baseline IL-6, CRP, and total body fat mass were 
separately added to Model 2 (Models 3a and 3b, respec-
tively). Inclusion of baseline IL-6 and CRP (Model 3a) mod-
estly attenuated the strength of association between MetS 
and physical performance measures; however, MetS was still 
significantly related to 400-m walk time, Health ABC PPB 
score (both p < .01) and the standing balance test (p = .05). 
After adjustment for total body fat, the associations between 
MetS and all physical function measures were no longer sig-
nificant (Model 3b; all p > .05). All cross-sectional associa-
tions between MetS and physical performance were similar 
in additional analyses in which participants with prevalent 
diabetes (n = 527) were excluded (data not shown).

Longitudinal Associations Between MetS and Physical 
Performance

Results from the longitudinal analyses are presented 
in Table  2. After basic adjustment (Model 1), presence 

of MetS was associated with lower physical performance 
at each time, but did not predict an accelerated rate of 
decline in physical performance during the 5-year follow-
up period. All associations remained significant, except for 
400-m walk time, after further covariate adjustment (Model 
2). After adjustment for baseline IL-6 and CRP, only asso-
ciations between MetS and 6-m usual and narrow walking 
speeds, the Health ABC PPB score, and standing balance 
remained statistically significant (all p < .01). No signifi-
cant associations were found between MetS and physical 
performance measures over time after adjustment for total 
body fat (Model 3b). In longitudinal analyses excluding 
participants with prevalent diabetes, MetS status was only 
statistically associated with worse Health ABC PPB score 
(p = .01) and standing balance (p < .01) at follow-up.

Gender by MetS interactions was tested in all baseline 
and longitudinal models, with only the longitudinal mod-
els of 400-m walk time yielding significant interactions (all 
p < .05). Stratification by gender in these models revealed 
that men with MetS had longer follow-up 400-m walk times 
than those without MetS (318.41 ± 1.36 s vs 325.03 ± 1.95 
s; p < .01; Model 1), but this relationship was attenuated 
after adjustment for body fat mass (322.97 ± 2.48 s vs 
326.83 ± 2.56 s; p = .10; Model 3B). Conversely, MetS did 
not have an effect on follow-up 400-m walk time in women.

Partial Correlation Analyses Between MetS Components 
and Physical Performance Measures

To investigate which MetS component explained the larg-
est fraction of the variation in physical performance, we ana-
lyzed associations between physical performance measures 
and independent MetS components, adjusting for covariates 
listed in Model 2.  Because covariate adjustment was held 
constant in each model, direct comparison of the R2 statistic 
to determine the relative importance of each MetS compo-
nent on baseline physical function was possible (Table 3). In 
cross-sectional analyses, the R2 values for abdominal obesity, 
impaired fasting glucose, and metabolic syndrome were sta-
tistically significant for nearly all outcome measures. Notably, 
abdominal obesity had the highest R2 value across all physi-
cal performance measures, even more so than the composite 
MetS variable. Longitudinal analyses revealed similar find-
ings, with the partial R2 for abdominal obesity ranging from 
0.002 to 0.009 and explaining the largest fraction of variabil-
ity for five of the seven follow-up physical performance meas-
ures (400-m walk time; 20-m, 6-m, and 6-m narrow walking 
speed; and chair stand pace; data not shown).

Discussion
These findings suggest that the presence of MetS is sig-

nificantly associated with poorer physical performance in 
older adults, although MetS does not appear to predict an 
accelerated rate of functional decline. Although modest, 
inclusion of inflammatory biomarkers into our statistical 



	 METABOLIC SYNDROME AND PHYSICAL FUNCTION	 621

models partially accounted for the relationship between 
MetS and several physical performance measures. However, 
inclusion of total body fat mass completely attenuated the 
relationship between MetS and physical performance. This 
finding is corroborated by a partial correlation analysis 
where abdominal adiposity explained the largest fraction of 
variability in physical performance. Overall findings from 
this study implicate excessive global and regional adipos-
ity as the primary factor explaining poorer physical perfor-
mance in older adults with MetS.

Our results concur with prior epidemiological litera-
ture linking MetS, and in particular the MetS component 
abdominal obesity, to poorer physical functioning (13–16). 
Several cross-sectional studies, for example, show an 
inverse association between objective measures of physical 
performance and MetS (13,14). Although not assessed in 
this study, impaired grip strength in the Hertfordshire cohort 
was associated with individual features, as well as the sum-
mary definition, of MetS (13). Likewise, a graded inverse 
association was found between MetS and grip strength, 

Table 2.  Baseline and Follow-up Physical Performance Measures According to Metabolic Syndrome Status

Baseline Model Longitudinal Model

Metabolic Syndrome Presence

p value

Metabolic Syndrome Presence

p valueNo Yes No Yes

400-m walk time (s)
  N 1409 738 1210 605
  Model 1 333.55 ± 1.49 347.86 ± 2.04 <.01 331.17 ± 1.01 334.72 ± 1.39 .02
  Model 2 346.76 ± 3.24 357.15 ± 3.20 <.01 336.29 ± 2.25 339.07 ± 2.25 .09
  Model 3a 345.76 ± 3.02 354.62 ± 2.98 <.01 336.18 ± 2.24 338.78 ± 2.26 .11
  Model 3b 350.51 ± 3.21 353.56 ± 3.19 .24 337.44 ± 2.24 337.71 ± 2.25 .87
20-m walking speed (m/s)
  N 1585 880 1415 810
  Model 1 1.33 ± 0.01 1.29 ± 0.01 <.01 1.51 ± 0.01 1.47 ± 0.01 <.01
  Model 2 1.29 ± 0.01 1.27 ± 0.01 .02 1.45 ± 0.01 1.44 ± 0.01 .05
  Model 3a 1.29 ± 0.01 1.27 ± 0.01 .07 1.45 ± 0.01 1.44 ± 0.01 .08
  Model 3b 1.28 ± 0.01 1.28 ± 0.01 .60 1.44 ± 0.01 1.44 ± 0.01 .92
Health ABC physical performance battery score (range, 0–4)
  N 1723 996 1398 807
  Model 1 2.20 ± 0.01 2.08 ± 0.02 <.01 2.01 ± 0.01 1.92 ± 0.01 <.01
  Model 2 2.07 ± 0.02 2.00 ± 0.02 <.01 1.90 ± 0.02 1.85 ± 0.02 .01
  Model 3a 2.07 ± 0.02 2.02 ± 0.02 <.01 1.91 ± 0.02 1.86 ± 0.02 .02
  Model 3b 2.04 ± 0.02 2.05 ± 0.02 .69 1.89 ± 0.02 1.86 ± 0.02 .18
6-m walking speed (m/s)
  N 1774 1030 1473 857
  Model 1 1.17 ± 0.00 1.14 ± 0.01 <.01 1.08 ± 0.01 1.05 ± 0.01 <.01
  Model 2 1.13 ± 0.01 1.12 ± 0.01 .03 1.05 ± 0.01 1.03 ± 0.01 <.01
  Model 3a 1.13 ± 0.01 1.12 ± 0.01 .09 1.05 ± 0.01 1.03 ± 0.01 .02
  Model 3b 1.14 ± 0.01 1.14 ± 0.01 .82 1.05 ± 0.01 1.03 ± 0.01 .21
6-m narrow walking speed (m/s)
  N 1546 843 1178 604
  Model 1 1.09 ± 0.01 1.06 ± 0.01 .03 0.91 ± 0.01 0.83 ± 0.02 <.01
  Model 2 1.07 ± 0.01 1.06 ± 0.01 .21 0.83 ± 0.02 0.77 ± 0.02 .02
  Model 3a 1.06 ± 0.01 1.06 ± 0.01 .42 0.83 ± 0.02 0.78 ± 0.02 <.01
  Model 3b 1.06 ± 0.01 1.07 ± 0.01 .59 0.81 ± 0.02 0.79 ± 0.02 .17
Standing balance test (s)
  N 1750 1015 1434 840
  Model 1 68.23 ± 0.54 64.48 ± 0.71 <.01 61.60 ± 0.52 57.11 ± 0.68 <.01
  Model 2 64.16 ± 1.14 62.04 ± 1.12 .03 57.09 ± 1.12 54.42 ± 1.08 <.01
  Model 3a 64.32 ± 1.14 62.56 ± 1.13 .06 57.17 ± 1.12 54.73 ± 1.09 <.01
  Model 3b 63.16 ± 1.14 63.37 ± 1.12 .83 56.52 ± 1.12 55.04 ± 1.09 .11
Chair stand pace (stands/s)
  N 1768 1022 1398 805
  Model 1 0.37 ± 0.00 0.35 ± 0.00 <.01 0.32 ± 0.00 0.30 ± 0.00 <.01
  Model 2 0.35 ± 0.01 0.34 ± 0.01 .18 0.29 ± 0.01 0.28 ± 0.01 .09
  Model 3a 0.35 ± 0.01 0.34 ± 0.01 .23 0.29 ± 0.01 0.28 ± 0.01 .17
  Model 3b 0.35 ± 0.01 0.35 ± 0.01 .89 0.28 ± 0.01 0.29 ± 0.01 .44

Notes: Data are presented at least squares means ± standard error. Model 1 adjusted for age, race, sex, study site, and educational level. Model 2 adjusts for all 
covariates specified in Model 1 plus height, smoking status, alcohol use, physical activity, presence of prevalent comorbidities (ie, DM and cardiovascular disease), 
chronic knee pain, and anti-inflammatory drug use. Model 3a adjusts for all covariates specified in Models 1 and 2 and accounts for the potential inflammatory 
mediators, CRP and IL-6. Model 3b adjusts for all covariates specified in Models 1 and 2 and accounts for the potential mediator, total body fat.
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walking speed, and chair stand pace in the Osteoporotic 
Fractures in Men Study, with abdominal obesity signifi-
cantly related to all performance measures (14). Finally, 
although evidence coming from the 1999–2002 National 
Health and Nutrition Examination Survey did not support 
an association between slower gait speed and presence of 
MetS, gait speed was inversely associated with abdominal 
obesity in women (OR = 0.48) (37).

As previously reported by Penninx and colleagues (15), 
a significant association exists between MetS and risk of 
developing self-reported mobility disability (RR  =  1.46), 
independent of CVD and DM, in the Health ABC cohort. 
Risk was further elevated with increasing severity (eg, num-
ber of criteria) of MetS, with abdominal obesity conferring 
the highest risk among the MetS components (RR = 1.54). 
Similarly, in older Mexican Americans, MetS (with or 
without DM) was associated with progressive limitations 
in self-reported mobility and strength over a 3-year period 
(16). Our results extend these findings to objective meas-
ures of physical performance and affirm conclusions that 
individuals with MetS are at increased risk of developing 
mobility disability due to lowered physical performance. 
Further, our results confirm that abdominal adiposity is the 
MetS component most related to lower physical perfor-
mance. These results suggest geriatricians should focus on 
targeted weight management to delay the onset of mobility 
disability in older adults with MetS, as our study, and others 
(38), highlight abdominal adiposity as a central predictor of 
lower physical performance.

Strengths of this study include the large study sample, 
long follow-up, and careful collection of standardized phys-
ical performance data, inflammatory, biomarkers and fat 
mass. However, our study also has limitations. First, time-
varying covariates, including MetS, were not included in 
longitudinal models; so our results only speak to the predic-
tive power of MetS and covariates at baseline. Second, the 
observational nature of this study limits our ability to draw 
strong causal inferences from the data; however, evidence 

from the longitudinal model suggests that MetS, and espe-
cially abdominal adiposity, contribute to worse physical 
performance at each time point.

In conclusion, we report an association between pres-
ence of MetS and poor physical performance, with excess 
adiposity as the driver of this relationship. Given that phys-
ical function represents a critically important and modifi-
able predictor of independent living in older adults, future 
research should test whether reductions in global and 
regional body fat mass in older adults with MetS results in 
improved physical performance and whether such improve-
ments translate into prolonged independence.
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