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Abstract

Background: Little is known about how adverse, midlife metabolic profiles affect future physical functioning. We hypothesized that a higher
number of midlife metabolic syndrome (MetS) components are associated with poorer physical performance in early old age for multiethnic
women.

Methods: MetS status from 1996 to 2011 (8 visits) and objective physical performance in 2015/2016 (Short Physical Performance Battery
[SPPB; 0-12], 40-foot walk [meter/second], 4-meter gait speed [meter/second], chair stands [seconds], stair climb [seconds]) were assessed in
the Study of Women’s Health Across the Nation (SWAN; 7 = 1722; age 65.4 = 2.7 years; 26.9% African American, 10.1% Chinese, 9.8%
Japanese, 5.5% Hispanic). Poisson latent class growth modeling identified MetS component trajectory groups: none (23.9%), 1 = low-MetS
(28.7%), 2 = mid-MetS (30.9%), and >3 = high-MetS (16.5%). Adjusted linear regression related MetS groups to physical performance
outcomes.

Results: High-MetS versus none had higher body mass index, pain, financial strain, and lower physical activity and self-reported health (p <
.0001). Compared with White, African American and Hispanic women were more likely to be in the high-MetS groups and had worse physical
functioning along with Chinese women (SPPB, chair stand, stair climb, and gait speed—not Hispanic). After adjustments, high-MetS versus
none demonstrated significantly worse 40-ft walk (: -0.08; 95% CI: -0.13, -0.03), gait speed (p: -0.09; 95% CI: -0.15, -0.02), SPPB (f3:
-0.79; 95% CI: -1.15, -0.44), and chair stands (f3: 0.69; 95% CI: 0.09, 1.28), but no difference in stair climb.

Conclusions: Midlife MetS groups were related to poor physical performance in early old age multiethnic women. Midlife management of
metabolic function may improve physical performance later in life.

Keywords: Longitudinal, Metabolic, Physical functional performance, Racial disparities, Successful aging

Whether changes in metabolic function among midlife adults are pre- lipoprotein cholesterol level, and hypertriglyceridemia (1). The re-
dictive of physical performance declines in early old age is unknown. lationship between MetS and cardiovascular disease, diabetes, and
Metabolic syndrome (MetS) is clinically defined as having at least premature mortality is well documented (2,3). In the United States,
3 of the following cardiometabolic risk factors including hyperten- over one-third of adults have MetS (4) and the prevalence increases
sion, abdominal obesity, impaired fasting glucose, low high-density dramatically with age (5). Women have higher MetS prevalence than
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men, though there is variation by race/ethnicity with non-Hispanic
Black, Mexican American, and Hispanic adults more likely to have
MetS versus White counterparts (4,6). Although MetS has been asso-
ciated with loss of mobility among adults aged >70 years (7,8), and
despite evidence that the midlife is a critical window for changes in
MetS (9), the impact of midlife MetS changes on physical function in
early old age among diverse populations is unclear.

Women have longer life expectancies than men, yet often live
with more disability (10) and experience steeper declines in func-
tioning throughout old age (11). Additionally, midlife and older
African American and Hispanic women experience greater func-
tional limitations versus White women (12,13). Importantly, whether
similar functional disparities exist between Asian subgroups relative
to White women is currently not known. The multiethnic Study of
Women’s Health Across the Nation (SWAN) examined self-reported
function during and after the menopausal transition among White,
African American, Chinese, Japanese, and Hispanic women (14,15).
From 40 to 55 years, 10% of women self-reported some functional
limitations and 9% reported substantial limitations (14), with 50%
reporting some limitations by 56-66 years (16). Midlife women ex-
perience both onset and increases in physical function limitations,
yet the highly dynamic patterns may make it an ideal time for risk
factor prevention (16). Multiple biological mechanisms (eg, chronic
inflammatory processes (17); hyperglycemia related (7); obesity re-
lated due to pain, osteoarthritis, and reduced physical activity levels;
(18,19)) in which MetS contributes to decreases in muscle mass and
strength have been investigated. Additionally, midlife functional de-
cline has been associated with greater risk for early old age disability
(20). Therefore, identifying targets for early intervention in midlife
women is a priority to help tailor strategies to delay the onset of
disability.

Previous studies examining the contribution of MetS and its
components on function have only included old age adults who are
identified as White or Black, used one assessment of MetS, and/or
used self-reported measures of mobility as a proxy of objective func-
tion with lack of objective physical performance outcomes (7,8). We
used a prospective design to assess how changes in the number of
components of MetS across midlife are associated with objective
physical performance among early old age women from § racial/
ethnic groups (White, African American, Chinese, Hispanic, and
Japanese). We hypothesize that (i) higher total components of MetS
will be associated with worse physical performance in midlife to
early old age women and (ii) women from some racial/ethnic groups
will experience worse physical performance compared with White
counterparts.

Method

Study Design and Participants

The Study of Women’s Health Across the Nation (SWAN) is an
ongoing, multiethnic, multicenter, prospective community-based
cohort study of the menopausal transition. A full description of
the SWAN recruitment and methodology has been published pre-
viously (21). Women were eligible for SWAN if they were aged
42-52 years at baseline (1996/1997), had an intact uterus and at
least 1 ovary, were premenopausal or early perimenopausal (ie, had
at least 1 menstrual period in the past 3 months), and were not preg-
nant, lactating, or breastfeeding. A total of 3302 women were re-
cruited from 7 sites across the United States: Boston, MA; Chicago,
IL; Detroit, MI; Oakland, CA; Los Angeles, CA; Hudson County,

NJ; and Pittsburgh, PA. All sites recruited White participants; add-
itionally, each site recruited a non-White sample including African
American (Boston, Chicago, Detroit, and Pittsburgh), Japanese (Los
Angeles), Hispanic (Newark), and Chinese (Oakland) women. Prior
to visit 15, 149/3302 = 4.5% deaths occurred. Overall retention for
those alive at the visit 15 follow-up exam in 2015/2016 was 75%
(2366/[3302-149]). Participants provided written informed consent
before enrolling and at each follow-up visit, and all protocols were
approved from each site’s Institutional Review Board.

Of those who completed a clinic visit at visit 15
(2091/2366 = 88%), 97% (2029/2091) were available to partici-
pate in the Physical Functioning Assessment and 307/2029 did not
complete any physical function measures (267 = unwilling/unable to
attend visit, 5 = refused, 35 = other reasons, eg, out of state). Prior to
visit 15, women were excluded for having less than 2 time points for
MetS (n = 232; collection at baseline, visit 1, 3, 4, 5, 6, 7, and 12).
A total of 1722 women were included in this analytic sample from
baseline (1996/1997) to follow-up visit 15 (2015/2016). Excluded
women were more likely to be African American or Hispanic, have
<high school diploma, fair/poor self-rated health, higher mean body
mass index (BMI), bodily pain, and self-report physical function dif-
ficulties (visit 4 SF-36; all p < .03).

Study Variables

Metabolic syndrome

Using clinically accepted and current diagnostic criteria of MetS (22),
the 5 MetS components were defined as follows: hypertriglyceridemia
(fasting triglycerides > 150 mg/dL), abdominal obesity (if Japanese/
Chinese, obese if waist circumference > 80 cm; otherwise, obese if
waist circumference > 88 cm), impaired fasting glucose (glucose
100 mg/dL fasting value), hypertension (systolic blood pressure
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130 mm Hg or diastolic blood pressure > 85 mm Hg or taking
any blood pressure medication), and low high-density lipoprotein
(<50 mg/dL). Fasting blood draws were taken in the morning and
assayed for triglycerides, total cholesterol, and high-density lipo-
protein (23). Standardized protocols were used to measure waist
circumference and blood pressure. Blood pressure was measured
with readings taken on the right arm, with the respondent seated
and feet flat on the floor for at least 5 minutes prior to measure-
ment. Two sequential blood pressure measures were completed, with
a minimum 2-minute rest period between measures. Respondents
had not smoked or consumed any caffeinated beverage within 30
minutes of blood pressure measurement. Waist circumference at the
umbilicus was measured by a trained technician with participants
wearing nonrestrictive undergarments. The present analysis summed
total MetS components (range 0-5) with 5 being the most severe.

Physical performance

During the visit 15 exam (2015/2016), SWAN participants com-
pleted physical performance tasks following standardized protocols
conducted by trained clinic staff. The tests included the timed 40-ft
walk, timed stair climb test and the Short Physical Performance
Battery (SPPB; includes standing balance, timed 4-m gait speed, and
timed 5-repeated chair stand).

Forty-foot walk:

The walking course was set up on a level floor with 2 tape markers
indicating the start and end points. Participants were instructed to
complete the walk in a “comfortable but steady, brisk pace as in the
manner of showing purpose, but not being late.” Timing was stopped
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when both feet crossed the end line. If necessary, use of a walking as-
sistive device was permitted. The 40-ft walk protocol was conducted
twice, and the faster time (meter/second) was used in analysis.

Stair climb test:

The timed stair climb test measured balance, strength, and endur-
ance and was comprised of 4 standard stairs of steps (10 inches deep
and 6 inches high). Participants ascended and descended the stairs
for 3 consecutive cycles, using a hand rail for assistance if necessary
(24). Total time (seconds) to complete the 3 consecutive cycles was
used for analysis. A slower time indicates worse time to complete
the stair climb.

Four-meter gait speed:

The course was set up on a level floor with markers at the start and
stop point (25). Participants were instructed to walk at their usual
pace and timing was stopped when the first foot completely crossed
the end line, with use of assistive devices if needed. The 4-meter walk
was completed twice, and the faster time (meter/second) was used
in analysis.

Repeated chair stands:

A standard height chair or bench with a back was placed on a level
floor (25). While seated, women were asked to sit and place their
arms across their chest and stand without using their arms. Time
(seconds) taken to complete 5 consecutive repetitions was used in
analysis.

Short Physical Performance Battery:

The standard SPPB protocol consisted of 3 physical performance
measures: 4-m usual gait speed, 5-repeated chair stands, and a
series of balance tests (side-by-side, semitandem, tandem, and 1-foot
stands, each held for 10 seconds). This measure has documented val-
idity and reliability (25). For analysis, the traditional scoring cutoffs
for the balance component were used, but with SWAN-specific time
quartiles to score gait speed and chair stand components (26). The
total SPPB score ranges from 0 (worst performance) to 12 (best per-
formance), and the continuous score was used.

Covariates

Covariates of interest were measured at visit 15 (2015/2016) un-
less otherwise indicated. They included demographic characteristics
and health conditions associated with cardiovascular disease and/
or physical performance. Self-reported sociodemographic variables
included age (years); education assessed at baseline (<high school,
some college, >college degree); self-reported difficulty paying for
basics (very hard/somewhat hard vs not very hard representing fi-
nancial difficulty); and marital status (single/never married, mar-
ried/living as married, separate/widowed/divorced). Health indices
included self-rated health status (excellent/very good, good, or
fair/poor), objectively measured BMI (kg/m?), menopausal status
(natural postmenopausal, postmenopausal by bilaterial salpingo-
oophorectomy, or pre- or early/late perimenopausal), hormone
user (ever use), presence of depressive symptoms (216 on Center
for Epidemiological Studies Depression [CES-D] scale) (27), and
physician-diagnosed self-reported comorbidities (osteoarthritis,
heart attack, and/or stroke). Although different designations of
race/ethnicity may be used currently, recruitment for this longitu-
dinal study occurred in 1996/1997. Race/ethnicity was defined
during a screening interview prior to the baseline examination from

participants’ response to the question, “How would you describe
your primary racial or ethnic group?” The response categories in-
cluded Black/African American; Puerto Rican/Dominican/Central
American/Cuban or Cuban American/South American/Spanish
or other Hispanic (all categorized as Hispanic); Chinese/Chinese
American; Japanese/Japanese American; and Caucasian/White Non-
Hispanic (referent group). Participants who identified as Mexican/
Mexican American, Mixed, or Other were not included in the co-
hort (12). Bodily pain severity in the past 4 weeks and self-reported
physical function (assessed at visits 4 and 15) were estimated from
the Short Form Health Survey (SF-36; score 0-100) (28,29). Self-
reported physical activity was assessed using the Kaiser Physical
Activity Survey (30). The total physical activity score ranges from 3
to 15, with higher scores indicating higher levels of physical activity
in sports/exercise, active living, and household/caregiving domains
(31). Smoking status at visit 15 was defined as current smoking (yes/
no). Clinical site was also included in analyses based on potential site
differences confounding the main relationships of interest.

Statistical Methods

Baseline characteristics for those included versus excluded in the
analysis were compared using 2 sample #-tests or analysis of vari-
ance and chi-square tests for continuous and categorical variables,
respectively. Variable distributions were assessed for normality.
Analysis of variance was used to describe racial/ethnic differences
across each objective physical performance measure (40-ft walk, 4-m
gait speed, S-repeated chair stand, SPPB, and stair climb).

Latent class group modeling was used to identify subgroups of
women following similar patterns of trajectories in counts of MetS
components in midlife. Models were compared based on Bayesian
information criteria and varying degrees of polynomial trends
for each group (32). After the trajectory groups were determined,
women were assigned to the group that reflected their highest prob-
ability (33). Trajectory groups were created from total number of
MetS components across the midlife period. Information for MetS
trajectories was available from baseline (1996-1997) and visits 1
(1997-1999), 3 (1999-2001), 4 (2000-2002), S (2001-2003), 6
(2002-2004), 7 (2003-2005), and 12 (2009-2011). Once MetS
component trajectory groups based on patterns of MetS during mid-
life were determined, groups were entered into separate models as
predictors for physical function outcomes. Means and SD and fre-
quencies and percentages were used to describe the analytic sample
by MetS groups. Differences by MetS groups in demographic and
health characteristics, MetS individual components (visit 12), and
physical performance outcomes were examined using analysis of
variance for continuous variables and chi-square for categorical
variables.

Linear regression was used to model each continuous objective
physical performance measure in early old age as a function of the
MetS groups throughout midlife. The referent group was designated
as the healthiest trajectory: MetS = none. Unadjusted linear regres-
sion models were fit followed by minimally adjusted models that
included age, race, site, difficulty paying for basics, self-rated health,
and BMI. Then, fully adjusted models added additional health
risk factors and comorbidities including bodily pain, self-reported
physical activity, current smoking status, hormone use, menopause
status, osteoarthritis, and depressive symptoms to the above list of
covariates. Covariates were determined based on prior literature and
associations with the physical performance outcomes at p < .10 with
collinearity of covariates assessed. In each model, only covariates



e42

Journals of Gerontology: MEDICAL SCIENCES, 2022, Vol. 77, No. 2

that reached significance of p < .10 were retained. Because some ra-
cial/ethnic groups were enrolled at only one site so race and site may
be collinear, models with age and site were compared with models
with age and race. Model assumptions and goodness of fit tests were
assessed to determine the best predictive model. All analyses were
conducted using 2-sided hypothesis testing and SASv9.4 software
(SAS Institute, Inc., Cary, NC).

We conducted sensitivity analyses to ensure the robustness of the
findings by adjusting for baseline self-reported physical function at
the first possible time point (visit 4), excluding women who reported
moderate or substantial functional limitation (7 = 589 excluded);
substantial limitation: <50 (7 = 140, 8.8%); moderate limita-
tion: 51-85 (n = 449, 28.2%); no limitations in physical function:
86-100 (7 = 1001, 63%) based on the SF-36 (14), and adjusting
for comorbidities (eg, cumulative self-reported stroke or heart attack
from baseline until visit 15).

Results

Four MetS groups were determined from the latent class growth
model with patterns reflecting the number of MetS components:
none (16.5%), low-MetS (1 component; 30.9%), mid-MetS (2 com-
ponents; 28.7%), and high-MetS (23 components; 23.9%; Figure
1). The mean group membership probability of women assigned
to none, low-MetS, mid-MetS, and high-MetS was >80% for each
group. On examination of the trajectories, we defined MetS groups
based on the number of components rather than change in the
number of components over time, since the number of MetS com-
ponents in each group remained relatively stable with only slight
average increases over time.

Characteristics of participants by MetS groups are shown in
Table 1. Compared with White women, Hispanic and African
American women were more likely to be in higher MetS groups.
White, Chinese, and Japanese women were more likely to be in the
none-MetS group. The high-MetS group exhibited the poorest health.
The high-MetS group had more class 2 obesity (34.9 kg/m?), fair/
poor self-reported health, current smoking, bodily pain, osteoarth-
ritis, lower self-reported physical activity, lower education, and had
somewhat/very hard time paying for basics. Previously self-reported
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Figure 1. Metabolic syndrome (MetS) component groups by study visits from
1996 to 2011 based on a Poisson latent class growth model. Four MetS groups
were determined with patterns reflecting the number of MetS components:
none (16.5%), low-MetS (1 component; 30.9%), mid-MetS (2 components;
28.7%), and high-MetS (3 or more components; 23.9%).

physical function was lower in the high-MetS versus none (63.0 =
28.2vs 86.9 = 16.9; p <.0001). In addition, the mid-MetS group had
higher BMI, worse self-reported overall health, more osteoarthritis,
more bodily pain, and lower physical activity versus none and low-
MetS groups. Low-MetS group had more prevalent hypertension
and abdominal obesity versus other MetS components. As expected,
each progressive MetS group had higher prevalence in all the indi-
vidual MetS components (Table 1).

Physical performance was significantly different by racial/ethnic
groups (all p < .0001; Table 2). Japanese women had the highest
function on gait speed, SPPB, chair stand, and stair climb versus all
other racial/ethnic groups. African American, Hispanic, and Chinese
women had worse physical functioning versus White on the SPPB
(African American: 14.5%, Hispanic: 21.3%, Chinese: 8.2% worse,
respectively), chair stand (13.1%, 19.8%, 2.1% worse, respectively),
and stair climb (13.5%, 31.7%, 4.6% worse, respectively). African
American and Chinese women had a 14% and 16%, respectively,
slower gait speed versus White.

The unadjusted mean difference in all physical performance
outcomes was worse with each higher MetS group versus none,
indicating a possible dose-response relationship (all outcomes:
p-value for trend < .0001; Figure 2). Women in the high-MetS group
versus none had 20.1% slower (worse) 40-ft walk time, 22.6%
slower 4-m gait speed, 28.9% slower repeated chair, 35% higher
(worse) stair climb. In addition, women in the high- and mid-MetS
groups had a 26.6% lower and 16.1% lower (worse) total SPPB
score, respectively, versus none. Finally, the mid-MetS group versus
none had 13.2% slower (worse) gait speed.

In unadjusted models, the magnitude of worsening for each phys-
ical performance outcome relative to the none-MetS group approxi-
mately doubled with each MetS group (all p-value for trend < .0001;
Table 3). In fully adjusted multivariable models (Table 3), the high-
MetS group had significantly consistently worse physical perform-
ance on the 40-ft walk, 4-m gait speed, SPPB, and chair stand versus
none-MetS group (f = -0.08, = -0.09, = -0.79, B = 0.69, respect-
ively). The high-MetS group had slower total stair climb versus none-
MetS group although was not statistically significant (§ = 1.10, 95%
CI: -0.04, 2.23). The mid-MetS group also had poorer SPPB per-
formance and chair stand time versus none-MetS group but was not
statistically significant. Race/ethnicity remained significant in final
adjusted models. For all outcomes, the strength of association in-
creased with each additional MetS component in a gradient pattern.

When excluding women with previous moderate/substantial
physical limitations, results remained consistent in final models. In
the sensitivity analysis adjusting for previous self-reported physical
function, B coefficients were largely consistent and all groups re-
mained statistically significant with high-MetS becoming significant
for stair climb (B = 1.30; 95% CI: 0.15,2.45; p < .05). In addition, re-
sults were consistent after adjusting for comorbid conditions (stroke
and heart attack) throughout the study period (baseline through visit
15). Finally, to ensure relationships with race/ethnicity were not site
specific (eg, sites recruiting Hispanic and Japanese women did not
perform the 40-ft walk), we created models with race only versus
site only with estimates also consistent to the fully adjusted model
with no changes in significance except the mid-MetS group reaching
significance at p < .05 for SPPB in site-only and race-only models.

Discussion

Midlife women clinically classified has having MetS (with >3
components) were more likely to have worse objective physical
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Table 1. Characteristics of Study of Women'’s Health Across the

Nation (SWAN) Participants at Visit 15 (When Physical Performance

Measures Were Assessed, 2015/2016) by Metabolic Syndrome Component Group

Metabolic Syndrome Component Groups

None Low-MetS Mid-MetS High-MetS
Participant Characteristics (N = 1,722) N =412 (23.9%) N =494 (28.7%) N =532(30.9%) N =284 (16.5%) p-Value
Baseline demographics
Age, mean = SD 65.2+2.6 654 2.6 65.8£2.7 65.7 2.8 .003
Race/ethnicity
White 247 (60.0%) 246 (49.8%) 214 (40.2%) 114 (40.1%) <.0001
African American 35(8.5%) 121 (24.5%) 198 (37.2%) 109 (38.4%)
Hispanic 10 (2.4%) 24 (4.9%) 36 (6.8%) 25 (8.8%)
Chinese 61 (14.8%) 50 (10.1%) 43 (8.1%) 20 (7.0%)
Japanese 59 (14.3%) 53 (10.7%) 41 (7.7%) 16 (5.6%)
Education
< High school 64 (15.7%) 92 (18.7%) 116 (22.0%) 70 (24.8%) <.0001
Some college 94 (23.0%) 158 (32.2%) 180 (34.2%) 100 (35.5%)
> College degree 250 (61.3%) 241 (49.1%) 231 (43.8%) 112 (39.7%)
Marital status
Single/never married 48 (11.7%) 49 (10.0%) 65 (12.2%) 52 (18.3%) <.0001
Married/living as married 277 (67.2%) 305 (62.0%) 280 (52.6%) 126 (44.4%)
Separate/widowed/divorced 87 (21.1%) 138 (28.1%) 187 (35.2%) 106 (37.3%)
Difficulty paying for basics, somewhat/ 52 (12.9%) 92 (19.1%) 130 (25.0%) 104 (38.2%) <.0001
very hard
Health characteristics
BMI, mean + SD 23.6 £ 3.9 272+ 5.1 324 +6.8 349 =+6.7 <.0001
Menopause status
Natural post 386 (93.7%) 455 (92.1%) 482 (90.8%) 244 (85.9%) .007
Post by BSO 26 (6.3%) 39 (7.9%) 48 (9.0%) 40 (14.1%)
Pre/early/late peri 0 0 1(0.2%) 0
Hormone user, ever 198 (48.1%) 248 (50.2%) 251 (47.2%) 143 (50.4%) .73
Current smoking 13 (3.2%) 37 (7.6%) 36 (6.8%) 23 (8.2%) 0.02
Overall health
Excellent/very good 282 (69.3%) 268 (54.9%) 204 (38.6%) 69 (24.7%) <.0001
Good 92 (22.6%) 159 (32.6%) 28 (43.2%) 118 (42.3%)
Fair/poor 33 (8.1%) 61 (12.5%) 96 (18.2%) 92 (33.0%)
Depression, CES-D score > 16 40 (9.71%) 59 (11.9%) 67 (12.6%) 50 (17.6%) .02
SF-36 Bodily Pain (0-100), mean + SD 75.9 +19.8 69.7 + 21.6 64.5 +23.3 59.5 +24.9 <.0001
KPAS Physical Activity Score, mean = SD 8.31=1.72 7.70 = 1.78 717 +1.72 6.66 = 1.80 <.0001
Osteoarthritis 103 (25.3%) 170 (34.6%) 224 (42.4%) 145 (51.2%) <.0001
Metabolic syndrome components
Hypertension 52 (13.0%) 214 (45.7%) 347 (69.1%) 241 (86.7%) <.0001
Abdominal obesity 32 (8.0%) 194 (42.1%) 406 (82.0%) 261 (96.3%) <.0001
Impaired fasting glucose 19 (4.9%) 69 (15.3%) 191 (39.2%) 211 (75.9%) <.0001
Low high-density lipoprotein 6 (1.6%) 51(11.3%) 148 (30.6%) 160 (58.2%) <.0001
Hypertriglyceridemia 21 (5.4%) 60 (13.36%) 102 (21.2%) 140 (51.7%) <.0001
Physical function measures
SF-36 Physical Function score (0-100), 86.9 = 16.9 80.7 = 20.9 71.7 £ 25.0 63.0 = 28.2 <.0001
mean = SD
40 ft gait speed (m/s), mean = SD 1.49 = 0.25 1.41 = 0.25 1.31£0.27 1.19 = 0.24 <.0001
4-m gait speed (m/s), mean = SD 1.06 = 0.37 1.00 = 0.33 0.92 +0.42 0.82 +0.27 <.0001
SPPB (0-12), mean = SD 9.71 = 1.84 9.10 = 1.98 8.15 £ 2.20 7.13 +2.45 <.0001
5-Repeated chair stand (s), mean = SD 9.87 = 2.80 10.73 = 3.29 11.55 = 3.56 12.72 = 3.60 <.0001
Total stair climb time (s), mean = SD 18.89 = 3.77 20.17 = 4.56 22.83 = 7.31 25.51 = 8.20 <.0001

Notes: Continuous variables are represented as mean = SD, and categorical variables are represented as frequency (percentage). Metabolic syndrome compo-

nents are from visit 12. BMI = body mass index (kg/m2); BSO = bilateral salpingo-oophorectomy; CES-D = Center for Epidemiologic Studies Depression Scale;
KPAS = Kaiser Physical Activity Questionnaire; MetS = metabolic syndrome; SD = standard deviation; SPPB = Short Physical Performance Battery.

performance in early old age across all outcomes (ie, 40-ft walk, 4-m
gait speed, SPPB, S-repeated chair stand, and stair climb perform-
ance) versus women with no MetS components. Women in the mid-
MetS group (approximately 2 components), typically not considered
a clinical syndrome (22), also demonstrated worse performance

with respect to the SPPB and the chair stand, though these results
were not statistically significant after adjustments. In addition,
after excluding women with moderate or substantial self-reported
physical limitations, the main results were consistent. Importantly,
African American and Hispanic women were more likely to be in the
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Table 2. Mean and Standard Deviation of Physical Performance Measures by Self-identified Racial/Ethnic Group

Racial/Ethnic Groups

Sample Size, Mean = SD White African American Hispanic Chinese Japanese p-Value

40-ft walk speed, m/s 1.39 = 0.26 1.27 +0.27 — 1.46 = 0.28 — <.0001
n=657 n =439 n=173

4-m gait speed, m/s 1.00 = 0.34 0.86 = 0.19 1.05 =1.11 0.84 =+ 0.16 1.13 £0.18 <.0001
n=798 n =445 n =380 n=173 n=164

SPPB, 0-12 9.02 +2.07 7.71 £ 2.36 7.10 = 2.06 8.28 +1.93 10.38 =+ 1.75 <.0001
n =805 n=455 n=_84 n=174 n=168

5-Repeated chair stand, s 10.70 = 2.99 12.10 = 3.63 12.82 = 6.36 10.92 = 2.88 9.61+2.33 <.0001
n=787 n =423 n=283 n=172 n=167

Total stair climb time, s 20.61 = 5.48 23.40 = 8.10 27.15 = 7.00 21.56 = 6.00 18.80 = 3.40 <.0001
n=626 n=2332 n=76 n=171 n=165

Notes: Sites recruiting Hispanic and Japanese women did not perform the 40-ft walk speed. SPPB = Short Physical Performance Battery.

Low-MetS mMid-MetS mHigh-MetS

*
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% difference in mean physical
performance (reference=None)
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Figure 2. Percent difference in mean objective physical performance
outcomes by metabolic syndrome component group. % difference is
calculated as follows: [(mean MetS group (high-MetS, mid-MetS, low-MetS)
- mean none-MetS (referent))/mean none-MetS group] x 100. Negative
values indicate lower means for low-/mid-/high-MetS group versus none
(eg, participants in high-MetS group took 20% longer to complete the 40-ft
walk (m/s) vs those with no MetS components). MetS = metabolic syndrome.
*p-Value for trend <0.0001 for all physical performance outcomes.

higher MetS groups. Our findings contribute to the understanding
of preventable and treatable factors in midlife adults, particularly in
Black and Hispanic racial/ethnic populations, known to have higher
late-life mobility disability (4,12).

Even prior to clinical classification of MetS, metabolic changes
throughout midlife likely have important implications on early old
age physical performance among women. Our results indicate that
early old age physical performance is worse in African American,
Hispanic, and Chinese women versus White and suggest that this
performance for African American and Hispanic women may be as-
sociated with their generally higher numbers of MetS components
earlier in midlife. Although African American and Hispanic women
have more late-life disability versus White women (4), less is known
regarding prevalence of disability among U.S. Asian subgroups (ie,
Chinese and Japanese). Previous work in SWAN found that midlife
Chinese women experienced an apparent disparity in a composite
physical performance decile score derived from grip strength, gait
speed, and chair stand compared with White women, but Japanese

women did not (12). Our current study was consistent with these
findings, as Chinese women had worse SPPB, gait speed, chair stand,
and stair climb performance than White women. Future research
should include more focus on differences among race/ethnic groups
to further understand early risk factors for physical function and
disability across these populations.

Evidence suggests that the onset of disability begins in midlife,
while women have decades of life expectancy (34). Worse physical
function in old age predicts several future poor health outcomes (eg,
lower quality of life and increased mortality rates) (35,36), which
are more prevalent in African American and Hispanic women. Life
course factors probably contribute to old age physical function and
should be considered particularly among African American and
Hispanic older adults (37). The midlife high-MetS group had sig-
nificantly worse objective physical performance in early old age ex-
cept stair climb. In addition, midlife women with 2 components of
MetS had worse early old age physical performance, though the re-
lationships were not as consistent. Therefore, by the time adults are
clinically diagnosed with MetS, functional changes have already oc-
curred during midlife, and prevention efforts for disability should be
initiated at an earlier timepoint, particularly in at-risk racial/ethnic
minority women with MetS.

Measuring function among midlife adults (especially high-risk
midlife adults, eg, women, racial/ethnic minorities, adults with
MetS components) in clinical settings using simple, inexpensive,
noninvasive tests such as the SPPB could be a strategy to identify
early signs of physical limitations and help maintain independence
with aging (38,39). Certain functional tests such as SPPB or gait
speed (37) that are able to be performed quickly could be used as
a “sixth vital sign” (40,41) for midlife women and particularly for
those with cardiometabolic-related risk factors who may be at risk
for functional decline as they age. We found significant associations
with MetS and SPPB, a feasible test that could be implemented in
clinical settings for midlife women (38,42). However, it is currently
unknown which test is most appropriate to assess early functional
decline in midlife (38), and identifying appropriate tests for this age
group is important to assess functional decline and initiate early pre-
vention efforts.

Common midlife cardiometabolic health conditions, especially
diabetes (43), obesity (44), and MetS (7), may affect age-related out-
comes including physical function and disability (45). The highest
prevalence of severe obesity is among adults 40-59 years, women
(9.2% higher rates vs men), and specifically non-Hispanic Black
women (56.9% vs 39.8% among non-Hispanic White) (46). Almost
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Table 3. § Coefficients and 95% Confidence Intervals From Univariate and Multivariable Linear Regression Models of Metabolic Syndrome
Component Groups (1996-2011) and Objective Physical Performance Outcomes (2015/2016)

40-ft Walk Speed, m/s 4-m Gait Speed, m/s

SPPB, 0-12

Total Stair Climb
Time, s

5-Repeated Chair
Stand, s

Model 1
High-MetS -0.30 (-0.34, -0.25)*** -0.24 (-0.29, -0.18)***
Mid-MetS -0.18 (-0.21, -0.14)***  -0.13 (-0.18, -0.08)***
Low-MetS -0.07 (-0.11, -0.03)** -0.05 (-0.10, -0.00)*
None Ref. Ref.

Model 2
High-MetS -0.08 (-0.13, -0.03)** -0.09 (-0.15, -0.02)**
Mid-MetS -0.01 (-0.06, 0.03) -0.01 (-0.06, 0.04)
Low-MetS 0.02 (-0.02, 0.06) 0.007 (-0.04, 0.05)
None Ref. Ref.

22.58 (<2.90, -2.26)***
-1.56 (-1.84, -1.29)*"
-0.61 (-0.88, -0.33)
Ref. Ref. Ref.

2079 (~1.15, —0.44)***
-0.26 (-0.55,0.02)
0.01 (-0.24,0.27)

Ref. Ref. Ref.

2.85(2.33,3.37)***
1.68 (1.24,2.11)"
0.86 (0.41, 1.30)***

6.61 (5.58,7.65) %
3.94 (3.06, 4.82)%**
1.27 (0.39, 2.16)**

0.69 (0.09, 1.28)*
0.17 (-0.31, 0.65)
0.00 (~0.42, 0.43)

1.10 (-0.04,2.23)
-0.17 (-1.10, 0.75)
-0.54 (-1.36,0.28)

Notes: Unadjusted and fully adjusted models (all significant predictors across outcomes: age, body mass index, site, overall health, bodily pain, difficulty paying

for basics, physical activity, current smoking status, hormone use, and arthritis) are presented in 1,772 Study of Women’s Health Across the Nation (SWAN) parti-
cipants. § Estimates (per unit, eg, m/s) and 95% confidence intervals are presented above. Model 1 = unadjusted model. Model 2 = fully adjusted model: age, body

mass index (kg/m?), race/ethnicity, site, overall health, bodily pain, difficulty paying for basics, KPAS physical activity, current smoking status, hormone use, and

osteoarthritis. MetS = metabolic syndrome; KPAS = Kaiser Physical Activity Questionnaire; SPPB = Short Physical Performance Battery.

" <.05; % p < .01; ***p < .0001.

40% of midlife adults are classified as having MetS, which increases
with age (5). Previous research showed that SWAN women with
worse self-reported physical function were more likely to have MetS
and almost 50% aged 55-66 years self-reported having functional
limitations (16,47). Therefore, slower gait speed may be a marker
for early cardiovascular disease risk (48). Although the relationship
between function and cardiometabolic-related outcomes is likely bi-
directional, our work suggests that MetS evaluated longitudinally
over midlife contributes to function decline and the timing of the
onset of limitations in early old age (15).

Our findings are consistent with previous studies that were either
cross-sectional in nature (8) or used self-reported measures of phys-
ical function (49,50) and showed MetS was related to functional
impairment (ie, Rosow and Breslau scale and limitations in instru-
mental/basic activities of daily living). However, these could not de-
termine onset or changes in objective physical function. One study of
older diverse adults (age = 73.6 = 2.9 years; 52.5% women; 41.3%
Black) found MetS was associated with increased risk of incident
mobility limitations, defined as 2 consecutive self-reports of inability
to climb 10 steps without rest and/or walk 1/4 mile (7). We observed
consistent findings, though with objective performance measures
instead of self-report. Although previous cohort studies used one
measurement of MetS at baseline in late life (49,50), our study dem-
onstrated that MetS (2 or 23 components) measured longitudinally
during midlife was an independent predictor of worse physical per-
formance after adjusting for lifestyle and other comorbid conditions.

Midlife MetS counts of 2 (preclinical MetS) or >3 (MetS clin-
ical syndrome) should be viewed as a potential risk factor for future
functional decline in old age. Abdominal obesity was the most fre-
quent component of MetS with 86% of SWAN women having ab-
dominal obesity. Notably, among SWAN women with only obesity
at study enrollment, 30% progressed to preclinical MetS counts (2
components) and 15% developed the clinical syndrome (>3 compo-
nents) (9). Our results indicate that in mid- and high-MetS groups,
there were not 1 or 2 components that appeared to be most common,
but rather all individual components were prevalent in midlife. In
addition, prevalence for each MetS component increased with each
progressive MetS group. Thus, midlife women experience changes
in preventable/treatable risk factors (eg, blood pressure, lipids, and

glucose) that are related to developing MetS. Therefore, midlife
is a critical point for implementing preventive strategies aimed at
adopting healthy behaviors for risk reduction of future MetS.

The current study had several limitations. Only women during
midlife to early old age were assessed, so results may not be gen-
eralizable to men or other ages. In addition, we did not examine
how each individual component of MetS during midlife affects
future functional changes. Due to the longitudinal study design,
not all women initially enrolled in SWAN participated in the visit
15 clinic visit, which should be taken into consideration when
interpreting the results. Understanding which MetS components
are associated with functional changes could guide intervention
efforts and is an important future research direction. Also, not
all sites measured 40-ft walk and stair climb, which may have
attenuated the findings slightly due to lower numbers of women.
However, many notable strengths of our study exist. To our know-
ledge, this is the first assessment of MetS in midlife and early old
age objective physical performance in a multiethnic population
of women. Our study had 26.9% African American and 5.5%
Hispanic women. Women are at higher risk for old age disability
than men, with African American and Hispanic women at the
highest risk among women (12). The multiethnic composition of
the sample allowed us to identify important racial/ethnic dispar-
ities among midlife MetS component patterns and physical per-
formance, though since our recruitment occurred in 1996/1997,
racial/ethnic groupings, and terminology may differ from cur-
rent preferred classifications. Women excluded due to incomplete
measures were more likely to be African American and Hispanic
with poorer health status, which may have attenuated race/ethnic
differences in our results. It also may be important to investigate
the impact of MetS component groups within specific racial/ethnic
groups at greater risk for early functional decline. A longitudinal
design enabled us to establish temporality between MetS com-
ponent trajectories and functional outcomes. The importance of
onset of function limitation is overlooked in many studies of older
adults, in which temporality cannot be determined and in which
life course factors in disability are understudied. Furthermore, we
examined several measures of objective physical performance,
which may capture early subclinical changes versus self-report,
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allowing us to better understand which measures are most sensi-
tive to change in early old age.

Given the potential clinical utility of our findings, future studies
should examine the relationship of individual MetS components
over time in midlife adults with functional decline and by racial/
ethnic subgroups. Both initial prevention of comorbidity and slowing
comorbidity severity might reduce the number of years living with
disability in late life. Focusing efforts on the preliminary stages of the
disablement process will allow clinical care and preventive efforts to
be tailored for midlife women at high risk for future functional de-
cline with the goal of compressing years of morbidity, delaying the
onset of old age disability, and extending independence with aging.
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