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Abstract
Objective—To examine the association of metabolic syndrome (MetS) with objective measures
of physical performance.

Design—Cross-sectional analysis of the cohort study, the Osteoporotic Fractures in Men Study.

Setting—Six clinical sites in the US.

Participants—5,457 ambulatory men (mean (±SD), age, 73.6 (5.9) years).

Measurements—Physical performance assessed by grip strength, narrow walk speed, walking
speed, and time to complete five repeated chair stands. Individual scores were converted to
quintiles (worst [1] to best [5]; unable to complete=0) and summed for an overall score (mean
(±SD), 11.6 (4.3), range, 1–20). MetS was defined by World Health Organization criteria that
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include evidence of glucose dysregulation (insulin resistance, diabetes, or hyperinsulinemia), and
at least two additional characteristics: high blood pressure, low high density lipoprotein
cholesterol, high triglycerides, or obesity.

Results—26.3% of participants met criteria for MetS. In separate linear regression models, four
of five MetS components were related to performance (P<.001); only high blood pressure was
unrelated. Men with MetS had a 1.11-point lower performance score (mean (95% confidence
interval (CI)) =10.81 (10.61, 11.00)) than men without MetS (mean (95% CI) =11.92 (11.81,
12.03)) (P<.001), adjusting for age, race, education and site. With further covariate adjustment this
difference was reduced but remained significant (β=−0.78, P<.001). A graded association was
observed between number of MetS components (0, 1, 2, or 3+) and performance (P for trend <.
001). Findings were similar excluding men with diabetes or obese men.

Conclusion—Metabolic dysregulation is related to objectively-assessed poorer physical
performance among relatively healthy older men.
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INTRODUCTION
Metabolic syndrome (MetS) is defined as a clustering of cardiovascular risk factors,
including central adiposity, altered glucose and insulin metabolism, hypertension, and
dyslipidemia. The age-adjusted prevalence of MetS is nearly 24% in the US (1) and
increases with age (2); among adults age 60 and older, prevalence exceeds 40% (1). MetS
increases risk for stroke, cardiovascular diseases (CVD), diabetes, and mortality (3–6).
However, there is widespread debate as to whether this particular clustering of risk factors is
multiplicative, rather than additive, and whether it improves risk prediction for diabetes,
CVD or mortality beyond standard risk factors (7–9). Nonetheless, it is clear that the
components of MetS are important vascular risk factors that occur together more commonly
than would be expected only by chance (7).

Understanding factors that contribute to increasing disability and functional declines in an
aging population has enormous public health value. Studies have linked obesity and diabetes
to mobility disability and poorer physical function (10, 11), suggesting that some facets of
metabolic dysregulation affect physical performance. The cluster of risk factors known as
MetS has been related to cognitive decline (12, 13), declines in self-reported mobility (14)
and self-reported incident mobility limitations (15, 16) in the elderly. However, no previous
studies in an older cohort have investigated the association of MetS with objective measures
of physical performance. Given the high prevalence of MetS among older adults, it is
important to examine whether this clustering of risk factors contributes to what are
commonly considered age-related functional declines that can lead to disability and impaired
quality of life in older adults.

The aim of the present study was to investigate the cross-sectional association between MetS
and objective indicators of physical performance among older men. Using data from the
Osteoporotic Fractures in Men Study (MrOS), we hypothesized that men with MetS would
have poorer physical performance than men without MetS, and that any observed
association would be independent of behavioral risk factors (smoking status, alcohol
consumption, physical activity) and health status (history of falls/fractures, self-rated health,
chronic medical conditions). Given the debate in the literature on the utility of clustering the
vascular risk factors that comprise MetS, we evaluated the association of MetS with physical
performance in three ways: first, we examined performance scores in relation to individual
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MetS components; next, we examined performance according to number of MetS
components a person had; and then we evaluated performance for men with versus without
MetS based on World Health Organization (WHO) criteria (17).

METHODS
Participants

From March 2000 through April 2002, 5,995 community-dwelling, ambulatory men were
enrolled in MrOS, a cohort study of healthy aging and fracture risk conducted at six clinical
centers in the United States. Eligible men were at least 65 years of age, without bilateral hip
replacements, and able to walk without the assistance of another person. Details of the
MrOS design and cohort have been reported (18, 19). The Institutional Review Board at
each clinical center approved the study protocol, and written informed consent was obtained
from all participants. Current analyses were limited to 5,457 men with valid data on all
physical performance measures and the components of MetS at the baseline MrOS visit.

Metabolic Syndrome
MetS was defined according to WHO criteria (17), with minor modifications based on data
available at the baseline MrOS visit. Men were considered to have MetS if they had
evidence of glucose dysregulation or insulin resistance, defined as impaired fasting glucose
(IFG) (100 to < 126 mg/dL), diabetes (fasting glucose ≥126 mg/dL or a history of diabetes
or use of hypoglycemic medications at baseline), or hyperinsulinemia (top quartile of fasting
insulin among non-diabetics within MrOS), and at least two of the following four
characteristics: systolic blood pressure (SBP) equal to or greater than 140 mmHg or drug
treatment for hypertension (HTN); high density lipoprotein (HDL) cholesterol less than 35
mg/dL; triglycerides (TRIG) equal to or greater than 150 mg/dL; body mass index (BMI)
equal to or greater than 30 kg/m2, which was calculated based on standard measures of
height and weight, using wall-mounted stadiometers and balance beam or digital scales,
respectively. All prescription medication use within the past 30 days was confirmed by
medication review at the MrOS baseline visit; data were stored electronically in a
medications database at the MrOS Coordinating Center (San Francisco, CA) and each
medication was matched to its ingredient(s) based on the Iowa Drug Information Service
Drug Vocabulary (College of Pharmacy, University of Iowa, Iowa City, IA) (20). WHO
criteria also include diastolic blood pressure (DBP) of 90 mmHg or greater and evidence of
microalbuminuria; however, these data were not available at the MrOS baseline visit and
thus were not part of the definition of MetS used here.

Assays for insulin, glucose, HDL and TRIG were completed using stored serum collected at
the MrOS baseline clinic visit, which had been obtained after ≥ 8 hour fast. Stored
specimens were thawed, appropriate amounts withdrawn and placed in vials, refrozen, and
shipped on dry ice to the Northwest Lipid Metabolism and Diabetes Research Laboratories
at the University of Washington (Seattle, WA) for insulin and glucose assays, and to the
Oregon Veterans Affairs Clinical Lab (Portland, OR) for lipids and all other assays,
completed using a Roche COBAS Integra 800 automated analyzer (Roche Diagnostics
Corp., Indianapolis, IN).

Physical Performance
Physical performance was measured at the baseline MrOS study visit with four performance
tests that assess upper and lower body strength, gait speed, and balance, and included grip
strength, timed walk, narrow walk balance, and repeated chair stands. Grip strength was
measured in kilograms (kg) using a Jamar dynamometer (Sammons Preston Rolyan,
Bolingbrook, IL, USA) (21). Participants completed two trials for each hand, and the
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maximum effort across the trials was used for analyses. Gait speed was measured in meters
per second (m/s) on a standard, 6-meter walking course. Participants were instructed to walk
at their normal pace, and the fastest time of two trials was used for analyses. To test balance,
participants were asked to complete a narrow walking course in which they were instructed
to walk within a 20-cm wide path that extended over 6 meters, with three attempts to
successfully complete two trials, defined as two or fewer deviations from the 20-cm path. A
deviation occurred when a participant stepped outside the 20-cm wide path or relied on a
wall or the test administrator to maintain his balance. If a participant had three or more
deviations, the trial was considered unsuccessful, and a time was not recorded. Narrow walk
speed was calculated in m/s, and the fasted time of the successful trial(s) was analyzed.
Lower grip strength and slower times on gait speed and narrow walk test reflected worse
performance. For the chair stands, each participant was asked to rise from a standard chair
without using his arms. If he was able to rise one time successfully, he was then asked to
rise from a chair five times without using his arms; the time to complete the five chair stands
was recorded, with higher values indicative of worse performance.

Raw scores on each measure were converted to quintiles, based on the distributions of
scores, and assigned a score of 1 (worst) to 5 (best), with a “0” assigned if a participant was
unable to complete a particular measure. All persons were able to complete the assessment
of gait speed, so 0 was only used for the small proportion of participants unable to perform
grip strength (1.6%), narrow walk test (9%), or repeated chair stands (3%). An overall
performance score then was created by summing across the quintile scores for the four
performance measures, with a higher score indicating better overall performance (possible
range, 0 to 20; Cronbach’s alpha=0.70). This approach of creating a summary indicator from
multiple measures of physical performance is consistent with recommendations from the
MacArthur Studies of Successful Aging (22–24) and has been used previously in
population-based studies of the elderly (25, 26).

Covariates
Covariates were assessed at the baseline MrOS visit; all participants were interviewed by a
trained technician and completed a self-administered questionnaire. Age was self-reported
and modeled continuously. Self-identified race/ethnicity was modeled as non-Hispanic
white versus not white (>90% of participants were non-Hispanic white). Education was
modeled categorically (< high school, high school/some college, completed college/some
graduate school, completed graduate school). Self-reported number of alcoholic drinks
consumed per week was modeled as none, 1 to <14 drinks per week, and 14 drinks per week
or more. Smoking status was modeled as current, past or never smoker. Physical activity
was assessed by the Physical Activity Scale for the Elderly (PASE) questionnaire (27) and
modeled continuously. Self-reported history of falls or fractures was modeled as a
dichotomous variable, and self-reported chronic conditions (stroke, Parkinson’s disease,
myocardial infarction, chronic obstructive pulmonary disease, congestive heart failure,
arthritis and cancer) were modeled categorically (none, 1 or 2, 3 or more). Self-rated health
was modeled dichotomously as fair or poor health versus good, very good or excellent
health.

Statistical Analyses
Descriptive statistics were computed to compare men with and without MetS on baseline
characteristics; t-tests were used for continuous variables and chi-square tests were used for
categorical variables. A series of linear regression models was conducted to assess the
association between MetS and physical performance. Model 1 (“minimally-adjusted
model”) included covariates for age, race, education, and clinic site. Model 2
(“multivariable-adjusted model”) included additional covariates of smoking status, alcohol
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consumption, physical activity, history of falls/fractures, self-rated health, and number of
chronic medical conditions. In our primary models, the summary physical performance
measure was included as the outcome, modeled continuously. To investigate the association
of individual MetS components with physical performance, the first set of models evaluated
each component separately as a predictor. Next, we evaluated MetS categories, based on the
number of MetS components possessed (0 (referent), 1, 2, or 3+). The third set of models
evaluated MetS as a binary (yes/no) indicator, based on the WHO definition.

Secondarily, we examined the four individual performance measures as the outcomes, each
modeled continuously in separate minimally-adjusted and multivariable-adjusted models,
with MetS modeled per the WHO definition. The latter models evaluated whether MetS
differentially contributed to poorer functioning in one or more areas (e.g., upper extremity
strength, gait, balance). To determine whether any association between MetS and physical
performance was largely explained by diabetes or obesity, additional analyses were
conducted to examine whether the association of MetS with physical performance was
evident in non-diabetic or non-obese men. These included two sets of regression models,
one set excluding 840 men with diabetes, and another excluding 1,187 obese men (BMI ≥
30) but retaining men with diabetes. For these analyses, MetS was modeled as a binary
indicator, based on WHO criteria, and the summary performance score was the outcome
variable.

RESULTS
Participant Characteristics

Among the 5,457 participants in this study, 60% (n=3,262) had evidence of glucose
dysregulation or insulin resistance, including diabetes (840 men), hyperinsulinemia (1,143
men) or IFG (1,279 men); 22% (n=1,187) were obese; 45% (n=2,458) were hypertensive or
using anti-hypertensive medications; 13% (n=733) had low HDL, and 36.5% (n=1,992) had
high triglycerides. A total of 1,495 men had 3 or more MetS components, 1,447 had 2
components, 1,614 had 1 component, and 901 men had none. A total of 1,437 (26.3%)
participants met WHO criteria for MetS (having IFG/diabetes/hyperinsulinemia and at least
2 of the other 4 characteristics). Physical performance scores ranged from 1 to 20; (mean
(±SD), for the cohort was 11.62 (4.3), with 20% scoring < 8, indicative of being in the
lowest quintile on at least one performance test as well as performing relatively poorly on all
four measures.

Table 1 presents mean (±SD), and/or prevalence of baseline participant characteristics and
P-values from t-tests or chi-square tests, as appropriate. Men with versus without MetS
differed significantly on all characteristics except race/ethnicity and history of falls/
fractures.

Primary Analyses
Table 2 summarizes the findings from our first set of models evaluating the individual MetS
components in relation to physical performance. Four of the five components were
significantly associated with poorer performance scores, including IFG/Diabetes/
Hyperinsulinemia, High Triglycerides, Low HDL Cholesterol, and High BMI in the
minimally adjusted models (Model 1). Following covariate adjustment (Model 2), this
pattern was still evident although the relation between Low HDL and performance became
marginally significant (P=0.059). Elevated SBP/HTN was unrelated to physical performance
in either model.

The regression models evaluating the number of MetS components revealed a graded
association with physical performance. In a minimally-adjusted model, relative to men with
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no MetS component, men with 3 or more components scored 1.42 points lower (P<.001),
and men with 2 components scored 0.70 points lower (P<.001) on the overall performance
measure. Men with just 1 MetS component scored lower on the performance measure but
did not differ significantly from men with none (P=.19). The trend across component
categories was significant (P<.001). Results were similar in the multivariable-adjusted
model; adjusted mean overall physical performance scores and 95% confidence intervals
(CI) for the four MetS component groups are shown in Figure 1. In a separate analysis, a
variable representing the total number of MetS components from 0 through 5 was squared
and added to the model to test for a curvilinear relation but none was observed (P=.575; data
not shown).

Table 3 presents the means and 95% CI for the overall performance scores for men with and
without MetS by WHO criteria as well as the mean differences between the groups, and
associated 95% CI and P-values, from the analyses evaluating the association between MetS
and physical performance. Adjusting for age, race, education, and clinic site, men with MetS
had a 1.11-point lower physical performance score than men without MetS (Model 1).
Further adjustment for smoking, alcohol consumption, physical activity, history of falls or
fractures, self-rated health and number of chronic medical conditions reduced the difference
between groups to 0.78 points, but this difference remained highly significant (Model 2).
After adjustment, the mean performance score for men with MetS was 7% lower than the
mean score of their peers without MetS.

Secondary Analyses
Analyses of the individual physical performance measures showed that men with MetS had
significantly slower walking speeds, and poorer performance on the repeated chair stands
than men without MetS (all P<.001) but the groups did not differ on grip strength. Table 4
presents the means and 95% CI for participants with and without MetS and the mean
differences between the groups, and associated 95% CI and P-values, for the individual
performance measures from multivariable-adjusted linear regression models.

Finally, excluding either men with diabetes or a BMI of 30 kg/m2 or higher revealed similar
associations as those shown in Table 3. Among non-diabetic men, those otherwise meeting
criteria for MetS had > 7% lower performance score than those without MetS (means (95%
CI) = 11.22 (10.99–11.45) versus 12.08 (11.96–12.20)), which was unchanged with further
covariate adjustment (P<.001). Among non-obese men, those otherwise meeting criteria for
MetS had > 4% lower performance score than those without MetS (means (95% CI) = 11.41
(11.12–11.69) versus 11.94 (11.82–12.06)) that was little changed in a multivariable-
adjusted model (P<.02).

DISCUSSION
In this study of community-dwelling older men, those with MetS had significantly worse
performance on objective indicators of physical function compared to their peers without
MetS. The observed association between MetS and physical performance was independent
of age, race, and educational attainment as well as health behaviors and health status, and
was consistent across measures of upper extremity strength, gait, and balance. A graded
association between number of MetS components and performance was observed, such that
performance was increasingly worse the more MetS components a man had, and, when
evaluated separately, all but one individual MetS component was significantly related to
poorer performance. Moreover, analyses that excluded those with either diabetes or obesity
– factors known to affect physical function (10, 11) – showed that men who otherwise met
criteria for MetS had significantly worse performance than men without MetS. Across all of
our analytic models, a consistent pattern of worse performance related to MetS was noted.
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Thus, this study provides clear evidence that metabolic dysregulation is related to lower
levels of objectively-measured physical function in older men.

These results are consistent with previous research showing that metabolic syndrome is
related to self-reported mobility limitations and worse self-reported physical functioning in
older adults (14–16, 28). However, to our knowledge, this study is among the first to report
an association between metabolic syndrome and objective performance-based measures.
Such measures are considered more valid than self-report measures, particularly in elderly
populations who often are unaware of or under-report limitations because they tend to be
relatively sedentary and have inaccurate perceptions of their true physical and functional
abilities (29).

Evidence suggests that differences in physical performance of the magnitude observed in
this study, likely are clinically meaningful. In the Established Populations for Epidemilogic
Studies of the Elderly (EPESE) (22), scores on the Short Physical Performance Battery
(SPPB), a widely-used summary measure of 3 performance-based tests (tandem stand,
walking speed, and repeated chair stands), were related to significant one-year risk of
mobility-related disability. Small, significant annual declines on the SPPB have been
reported in the elderly and even a one-point difference in scores has been linked to
significant risk of mortality and incidence of severe lower extremity limitations (25,30). On
the SPPB (score range, 0–12), estimates of small meaningful change range from 0.27 to 0.55
points; for gait speed, similar estimates are 0.04 to 0.06 m/s (31). Men with MetS in the
present study showed an approximately 1-point lower performance score and a .04 m/s
slower walking speed than men without MetS. Moreover, even with obese or diabetic men
excluded from analyses, a performance decrement of 0.5 to 0.8 points was still observed
among men who otherwise met criteria for MetS, relative to men without MetS. Our
observed pattern of findings suggests that the metabolic dysregulation evident with MetS
contributes to small yet meaningful differences in physical function that likely are clinically
relevant, even among relatively healthy older men.

The mechanisms by which metabolic dysregulation might affect physical function are
varied. Research suggests that, with age, factors such as increasingly sedentary lifestyles,
nutritional deficiencies, exacerbation of chronic diseases, as well as age-related changes in
hormonal, immunological and neural mechanisms can all contribute to declines in muscle
strength (32). Reduced muscle strength and cardiorespiratory fitness also have been
associated with metabolic syndrome (33,34). Recent studies have suggested that the
increased pro-inflammatory state seen in aging and obesity likely contributes to strength
declines (35). We did not have available data on such mechanisms, although the association
of MetS with physical performance was independent of physical activity in this study.
Research is needed to better understand the pathways by which metabolic dysregulation in
the form of MetS affect physical performance in the elderly.

It has been debated whether the particular clustering of vascular risk factors described as
metabolic syndrome is multiplicative versus additive, and whether this particular risk cluster
confers excess health risks, above and beyond that of standard risk factors (7–9). The
relationship between number of MetS components and performance was mostly graded, as
evidenced in Figure 1. Although the performance decrement among men with at least 3
MetS components was twice as large as that seen among men with just 2 components and
more than seven times larger than men with just 1 MetS component, we found no evidence
of a non-linear association. Our data indicated that metabolic syndrome, regardless of
whether it was modeled as a dichotomous variable per WHO criteria or by number of
components, was significantly related to an important indicator of physical function in this
cohort of older men.
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In MrOS, WHO criteria (17) were used to define metabolic syndrome, largely due to the
specific data available in MrOS. Other MetS definitions, notably those put forth by the
National Cholesterol Education Program Adult Treatment Panel (ATP)-III (36), the
International Diabetes Federation (37), and the American Heart Association/National Heart,
Lung, and Blood Institute (38), presently are more widely used in the literature. WHO
criteria differ from the others by making glucose dysregulation/insulin resistance a defining
feature; all definitions have in common criteria related to 5 components: elevated fasting
glucose, high triglycerides, elevated blood pressure, reduced HDL-cholesterol, and central
adiposity. Several organizations have tried to unify MetS criteria; the consensus reached is
that no one component should be obligatory but 3 abnormal findings among the 5 metabolic
components would result in a MetS diagnosis, with standard cutpoints for all components
except central adiposity (recommendations for waist circumference require further study
given known differences by ethnicity, nation and/or geographic region) (39). MrOS did not
collect data on waist circumference at the baseline examination and thus could not quantify
central adiposity; therefore, BMI was used to identify obese participants and WHO criteria
were used to define MetS. However, our analyses based on number of MetS components
suggest that using this new consensus definition of MetS, should all the appropriate data be
available, would yield largely the same results.

Strengths & Limitations
The present study has several strengths and limitations. Data are from a well-characterized
cohort of community-dwelling, older men; however, because participants are predominantly
well-educated white men, findings may not generalize to men from other demographic
groups. We adapted WHO criteria to define MetS, lacking data on DBP or
microalbuminuria, which are part of the full WHO criteria, and using BMI rather than waist
circumference. Nonetheless, the adapted criteria are consistent with the five categories of
risk factors that other MetS definitions employ and a recent study of more than 50,000
veterans (93% male; mean age, 63 years) using similarly adapted ATP III criteria reported a
similar prevalence rate of MetS (40). Physical performance was assessed objectively by four
well-validated and widely used performance measures; consistent with current
recommendations (22–24), a summary indicator of these measures was created for use in
analyses. While this precise summary indicator has not been used in prior research, two of
the four measures used are included in the SPPB, a widely used performance battery in
studies on aging and all of our measures assess important functional abilities. This study also
could not address putative mechanisms by which MetS contributes to poorer performance;
future research is warranted to investigate pathways related to inflammation, central
adiposity, and fitness and lifestyle factors. Finally, the data presented are cross-sectional
only, and thus do not address the temporality of the association between MetS and physical
performance.

Longitudinal studies are needed to examine whether the metabolic dysregulation
characterized by MetS accelerates declines in physical performance over time. Such
information may inform the design of future interventions to prevent or delay development
of functional impairment and disability in the elderly, who experience high rates of MetS.
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Figure 1.
Mean Physical Performance Score By Number of Metabolic Syndrome (MetS) Components.
The bars show mean physical performance scores and error bars represent the 95%
Confidence Interval (CI) for 5,457 men with 0 (n=901), 1 (n=1,614), 2 (n=1,447) or 3 or
more MetS components (n=1,495). MetS components include insulin resistance (impaired
fasting glucose (100 to <126 mg/dL), diabetes (fasting glucose 126 mg/dL or greater, a
history of diabetes, or use of hypoglycemic medications) or hyperinsulinemia (top quartile
of fasting insulin among non-diabetic men) systolic blood pressure of 140 mmHg or higher
or use of anti-hypertensive medication; triglycerides of 150 mg/dL or higher; high density
lipoprotein cholesterol <35 mg/dL; and body mass index of 30 kg/m2 or greater. Graphed
values are least square means and 95% CI from a regression model adjusted for age, race,
clinic site, smoking, alcohol consumption, physical activity, history of falls/fractures, self-
rated health, and number of chronic conditions. Physical performance scores ranged from 1–
20, with higher scores indicating better performance. Means (95% CI) for the four groups
were 12.06 (11.83–12.30), 11.93 (11.75–12.10), 11.58 (11.40–11.77), and 11.08 (10.90–
11.26), respectively. The trend across categories was significant (P<.001).
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