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Abstract

Background: The D, -creatine (D,Cr) dilution method provides a direct measure of skeletal muscle. The aim of this study was to compare the
association of D ,Cr muscle mass with lean body mass (LBM) measured by dual-energy x-ray absorptiometry (DXA) and examine its relation
with physical function in postmenopausal women.

Methods: Seventy-four community-dwelling women (mean age 82.3 = 5.4) participated in this pilot study from the Buffalo, New York clinical
site of the Women’s Health Initiative (WHI). Participants attended a clinic visit which included anthropometric measures, blood draw, DXA
scan, measures of physical function, and initiated the D,Cr protocol. Physical function was evaluated using hand grip strength, short physical
performance battery (SPPB), and RAND-36 physical function scale. Descriptive statistics and logistic regression models were used to examine
the associations of D,Cr muscle mass with functional outcomes.

Results: D -creatine muscle mass was moderately correlated with DXA LBM (7 = 0.50) and DXA appendicular lean mass (ALM) (7 = 0.50).
Individuals with high D,Cr muscle mass (%) had higher physical function compared to individuals with low muscle mass (%), indicated by
high scores on SPPB (odds ratio [OR] = 5.24; 95% confidence interval [CI]: 1.40, 19.58). We observed stronger relationships between high
D,Cr and physical function than either DXA LBM (OR = 3.40; 95% CI: 0.88, 13.11) or DXA ALM (OR = 4.15; 95% CI: 1.10, 15.68) and
physical function.

Conclusions: Our findings provide strong preliminary data for the associations of D,Cr muscle mass with measures of physical function in
older women. These findings support and extend prior work on D,Cr muscle mass in older men.
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Background

Sarcopenia is a geriatric syndrome characterized by low lean body
mass (LBM), low muscle strength, and physical functioning (1-4). In
older adults, there is an equivocal relationship between LBM, often
measured by dual-energy x-ray absorptiometry (DXA), and health-
related outcomes. The authors of the Foundation for the National
Institutes of Health sarcopenia project concluded that low lean mass,
by itself, is a poor predictor of physical functional impairment when
compared to low strength (3).

A potential explanation for the inconsistent relation between
DXA LBM and health outcomes relates to the measurement of lean
mass (5). Lean body mass from DXA is calculated by subtraction;
representing the nonbone, nonfat component of total body com-
position and includes body water, viscera, and connective tissue (6).
Dual-energy x-ray absorptiometry provides accurate measurement
of bone, fat, and LBM, but LBM is not equivalent to skeletal muscle
mass (7,8). Skeletal muscle mass is a component of lean mass, but it
is not the only component (9).

Recently, Evans and colleagues developed the D -creatine (D,Cr)
dilution method to directly measure skeletal muscle mass (10). This
method uses a single enteral dose of D,Cr, which is digested, ab-
sorbed, and transported to all muscle cells. Intramyocellular creatine
is turned over through the nonenzymatic conversion of creatine to
creatinine, which is rapidly excreted. A single spot urine sample is
analyzed to determine the enrichment of D,-creatinine, which in
turn gives a direct measurement of the total body creatine pool.
This method is supported by several well-known aspects of creatine
biology and metabolism (11) and has been validated in rodents (12)
and humans (7,13). The D,Cr method has also been used in a large
cohort of community-dwelling older men (5,9,14-17).

There has been limited investigation of D,Cr in older women
(13,18). In this study, our primary objectives are to compare skeletal
muscle mass measured by D,Cr with DXA LBM and appendicular
lean mass (ALM) and examine the cross-sectional association of
D,Cr, DXA LBM, and DXA ALM with measures of physical func-
tion. Muscle mass may differ between men and women, in terms of
quantity and function; thus, it is important to examine these rela-
tionships in a sample of postmenopausal women.

Method
Study Population

We enrolled 74 community-dwelling postmenopausal women from
the Buffalo, New York clinical site of the Women’s Health Initiative
(WHI). Details of the WHI have been described previously (19).
For this pilot study, women were recruited from a simple random
sample of WHI participants living within 50 miles of the WHI
Buffalo site. There were no additional eligibility criteria. Reasons
for not consenting were related to health (22%; health too poor to
attend in-clinic visit, caregiving responsibilities), scheduling (12%;
not available during 4-week pilot period but interested in the study),
travel/transportation concerns (11% does not drive, lives too far).
Of those contacted, only 3% (7 = 5) chose not to participate because
they did not want to take the D,Cr pill. Of the 74 participants, 99%
(n = 73) completed the D,Cr protocol; 1 participant had a family
emergency and was not able to return her urine sample.

Study Design
Participants were mailed a recruitment package to invite them to
join in the study. The mailing included a recruitment letter, informed

consent form, and two questionnaires (physical activity and activities
of daily living). Women were subsequently contacted by telephone
and those who agreed to participate were invited to a clinic visit
at the WHI Buffalo study site. The clinic visit followed a standard
protocol and was approximately 1 hour in length, including: (i) an-
thropometric measures, (ii) blood pressure measurement, (iii) a blood
draw, (iv) a whole body DXA scan (Hologic QDR-4500), (v) meas-
ures of physical function, and (vi) D,Cr pill consumption. The study
was approved by the Institutional Review Board at the University
at Buffalo. Specific components of the study visits are described in
detail below; additional information is included in Supplementary
Appendix 1.

Measures of physical function

Trained examiners administered the short physical performance bat-
tery (SPPB) (20). The SPPB consists of three tests: balance, gait speed,
and chair stand (20). Short physical performance battery scores range
from 0 to 12, with higher scores indicating better physical function.
Participants also self-rated their physical function using a subscale
of the RAND-36 scale (21). The physical function subscale is com-
monly used in large-scale epidemiological studies, including the WHI
(22). The cumulative scores on this scale range from 0 to 100, with
higher scores indicating better physical function (23). Two trials of
grip strength (kg) for each hand were assessed using a handheld
dynamometer (Jamar hand dynamometer; Lafayette Instruments,
Lafayette, IN). The participant was instructed to squeeze the handle
of the dynamometer as hard as she could. The higher score of the
dominant hand was used in this analysis.

D,Cr dilution method
At the clinic visit, participants consumed an oral dose of 30 mg D,Cr
(Cambridge Isotope Laboratories, Inc., Tewksbury, MA; encapsu-
lated by Valor Compounding Pharmacy, Berkeley, CA) and were sent
home with a urine sample collection kit, collection instructions, and
return mailing instructions. The urine collection kit included a dip-
stick, urine collection cup, styrofoam return mailer, ice pack, and
prefilled FedEx mailing label. A research team member recorded the
date and time the pill was consumed. Participants were asked to pro-
vide a fasting morning urine sample on a specific date between 72
and 144 hours after their clinic visit. After sample collection, they
were asked to pack the dipstick containing their urine sample with
an ice pack in the styrofoam mailer and call FedEx for a same-day
at-home pickup. Samples were sent via overnight shipping and ar-
rived at the WHI Buffalo study center less than 24 hours after sample
collection. The D,Cr protocol has been described previously (5,10).
Once the samples were received, they were stored in freezers
(-20°C) in the Biospecimen Bank in the Department of Epidemiology
and Environmental Health at the University at Buffalo. Samples were
sent in two batches by FedEx overnight shipping to the University of
California, Berkeley. Urinary creatine, creatinine, and D -creatinine
were measured by liquid chromatography-tandem mass spectrom-
etry, and skeletal muscle mass was estimated by a validated algo-
rithm (24).

Measures

Exposure

We examined both absolute and relative measures of D,Cr muscle
mass, LBM, and ALM. Appendicular lean mass is calculated as the
sum of the lean mass of both arms and legs (5). Absolute values
refer to D,Cr, LBM, and ALM values in kilograms (kg). Relative
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measures are reported as a percentage (%), indicating D,Cr, LBM,
or ALM values scaled to account for body size. To scale D,Cr, LBM,
and ALM values, we divided the absolute value by body weight (kg),
height squared (m?), or body mass index (BMI) (kg/m?). Absolute
and relative muscle mass were examined as continuous variables and
also categorized as low and high by median split. In Supplementary
Appendix 2 we describe additional information on these exposure
variables, including minimum, maximum, median, mean, standard
deviation, and 25th and 75th percentiles.

Outcome

Physical function was measured via in-person SPPB measurement
and RAND-36 questionnaire. Consistent with prior literature, low
function is defined as SPPB scores of 0-9 and high function is de-
fined as 10-12. RAND-36 scores less than 78 indicated low function
and scores over 78 indicated high function (23). We present results
from these dichotomous outcome variables in the main text; see
Supplementary Appendix 3 (Table 3a) for additional analyses using
a continuous form of these measures.

Covariates
Anthropometric measures (height, weight, hip and waist circumfer-
ence) were obtained at the clinic visit by trained WHI clinic staff
using standardized protocols. Body mass index was calculated as
weight divided by height squared (kg/m?). Systolic and diastolic
blood pressure were measured after 5 minutes of quiet sitting with
legs uncrossed using a manual sphygmomanometer. Hypertension
was defined as a systolic pressure 2140 mm Hg or a diastolic pres-
sure 290 mm Hg. Physical activity was measured by the validated
WHI physical activity questionnaire, used to calculate weekly
physical activity in metabolic equivalent-hours per week (MET-h/
wk) (25). A fasting blood sample was drawn by venipuncture by a
trained phlebotomist. Vials were processed immediately and frozen
onsite. Sample were analyzed by an external laboratory (Kaleida
Health, Buffalo, NY) and tests included a comprehensive metabolic
panel, hemoglobin Alc (HbAlc), insulin, lipid panel, and complete
blood count. Blood biomarkers relevant as covariates in this ana-
lysis include HbA1c and blood lipids (triglycerides, total cholesterol,
HDL cholesterol, LDL cholesterol).

Basic demographic characteristics (eg, age, race) were extracted
from WHI study database.

Statistical Analyses

To compare skeletal muscle mass measured by D,Cr with DXA LBM
and ALM we examined scatterplots and Pearson correlation coeffi-
cients. We also fitted a quadratic prediction line in each scatterplot.
We used logistic regression models to examine the association of low
and high D ,Cr muscle mass, LBM, and ALM with SPPB and RAND-
36 physical function scores. Logistic regression results are presented
with exposure categories defined by median split (high/low) and a
dichotomous outcome variable. This analytic strategy was used to
enhance the comparability of our study results with prior research
on D,Cr muscle mass. In Supplementary Appendix 3 (Table 3a) we
present corresponding linear regression results with a continuous
outcome variable for SPPB and RAND-36. We present crude (un-
adjusted) logistic regression models with relative D,Cr, DXA ALM
and LBM scaled to kg, BMI, and height squared as well as a series of
sequentially adjusted multivariable models: adjusted for age (Models
2 and 6), then additionally adjusted for race/ethnicity, HbA1lc, hyper-
tension, triglycerides, and cholesterol (Models 3 and 7), and finally,

additionally adjusted for physical activity (Models 4 and 8). We
further present crude and adjusted logistic regression models with
continuous D,Cr muscle mass as the exposure and dichotomous
outcome variables. Additional logistic regression analyses with the
dichotomous absolute values of the exposure variable (D,Cr, DXA
LBM, and DXA ALM) are presented in Supplementary Appendix 3
(Table 3b). Analyses were completed in SAS 9.4 (Cary, NC).

Results

We received 73 out of 74 (99%) urine samples from study partici-
pants in good condition. Demographic characteristics of the total
study population are presented in Table 1, overall and stratified by
muscle mass category (7 = 37 with high muscle mass and 36 women
with low muscle mass, categorized by median = 27.2%). The mean
age of study participants was 82.3 = 5.4 years (range: 74-96) and
93% were non-Hispanic White (1 = 68). Mean absolute D,Cr muscle
mass (kg), and relative D,Cr muscle mass (%) values were: 18.0 =
3.5 (range: 12.3-30.1) and 28.0 = 5.9 (range: 17.3-45.9).

Mean BMI in the high muscle mass group was 3.28 kg/m? lower
than in the low muscle mass group. This trend was also evident
when comparing across BMI categories; in the high muscle mass
group, 70.2% had BMI 18.5-24.9 kg/m’ and 10.8% had BMI >
30 kg/m?, whereas in the low muscle mass group, 33.3% had BMI
18.5-24.9 kg/m? and 27.8% had BMI > 30 kg/m?. Waist circumfer-
ence, hip circumference, and waist-to-hip ratio were all higher in
the low muscle mass group. Grip strength was nearly identical in
both groups (21.1 vs 21.6). Women with high muscle mass: (i) were
more likely to complete side by side, semi-tandem, and fully tandem
balance tests, (ii) had faster walking speeds, and (iii) were able to
complete the chair stand test quicker than women with low muscle
mass. These differences are reflected in a higher average SPPB score
in women with high relative D,Cr muscle mass (9.1) compared to
low relative D,Cr muscle mass (7.4). Women with high D,Cr muscle
mass also reported higher overall physical function, whereas low
muscle mass was associated with physical limitations. For instance,
women with low relative D,Cr muscle mass were 24% more likely
to report difficulty climbing 1 flight of stairs compared to women
with high relative D,Cr muscle mass. Women with low relative D,Cr
muscle mass were nearly twice as likely to report that their health
limited their ability to bathe or dress themselves (5.4%) compared to
women with high relative D,Cr muscle mass (2.8%).

There was a moderate positive correlation between absolute
D,Cr muscle mass with LBM (r = 0.50) and ALM (r = 0.50) as
shown in Figure 1. The correlation was slightly stronger when
we scaled D,Cr muscle mass and LBM to weight (r = 0.62) or
BMI (r = 0.65), but weaker if scaled to height squared (r = 0.41).
The correlations between D,Cr muscle mass and ALM scaled to
weight (r = 0.58), height squared (r = 0.41), or BMI (r = 0.61)
were similar. Age-adjusted correlations between these variables
remained positive and moderate; partial correlations were also
stronger for D,Cr, ALM, and LBM scaled to weight or BMI, but
weaker if scaled to height squared (see Supplementary Appendix
3 (Table 3c)).

Primary study results are presented in Table 2. High rela-
tive muscle mass (D,Cr/kg and D,Cr/BMI) was associated with
physical functioning in crude and adjusted models. Odds ratios
were slightly stronger in models adjusted for age, race/ethnicity,
hypertension, HbAlc, triglycerides, and cholesterol, but attenu-
ated when additionally adjusted for physical activity. Table 2 also
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Table 1. Characteristics of Pilot Study Participants in the Total Study Population and Stratified by Low and High D,Cr Muscle Mass Per

Kilogram Body Weight

Relative D,Cr Muscle Mass/kg

Characteristics Low (n = 36) High (n = 37) Total (n = 73)
Age, mean (SD) 82.78 (5.75) 81.92 (5.10) 82.34 (5.37)
Race/ethnicity, 7 (%)

Non-White 2(5.6) 3(8.1) 5(6.8)

White 34 (94.4) 34 (91.9) 68 (93.2)
BMI (kg/m?), mean (SD) 27.68 (4.79) 24.4(3.39) 25.95 (4.44)

18.5-24.9,n (%) 12 (33.3) 26 (70.2) 38 (52.1)

25-29.9,n (%) 14 (38.9) 7 (18.9) 21 (28.8)

30, 1 (%) 10 (27.8) 4(10.8) 14 (19.2)
Waist circumference (cm), mean (SD) 90.94 (13.77) 82.82 (10.39) 86.75 (12.69)
Hip circumference (cm), mean (SD) 105.87 (9.34) 98.55 (6.08) 102.08 (8.60)
Waist-to-hip ratio, mean (SD) 0.86 (0.10) 0.84 (0.08) 0.85 (0.09)
Physical activity (MET-h/wk), mean (SD) 12.74 (12.18) 18.7 (13.20) 16.61 (14.80)
Relative DXA LBM/kg, mean (SD) 0.59 (0.05) 0.64 (0.05) 0.61 (0.05)
Relative DXA ALM/kg, 7 (%) 0.25 (0.02) 0.27 (0.03) 0.26 (0.03)
Grip strength, mean (SD) 21.1 (5.02) 21.6 (5.08) 21.3 (5.02)
Balance (%)

Side by side 94.6 100.0 97.3

Semi-tandem 59.5 75.0 67.1

Tandem 91.9 97.2 95.9
Gait speed (%)

<4.82's 29.7 44.4 36.95

>4.82 & <6.20's 51.4 38.9 45.2

>6.20 & <8.70 s 13.5 13.9 13.7

>8.70 s 5.4 2.78 4.1
Chair stand (%)

>14's 62.2 36.1 49.3

<14s 37.8 63.9 50.7
SPPB score, mean (SD) 8.02 (2.40) 9.51 (2.17) 8.78 (2.39)
Physical function score, mean (SD) 69.6 (24.4) 82.8 (21.4) 76.30 (23.71)
Self-report limitation (%)
Moderate physical activity 32.4 19.5 26.0
Lifting groceries 16.2 16.6 16.4
Climbing 1 flight of stairs 32.4 8.3 20.6
Bending, kneeling 48.7 25.0 37.0
Walking >1 mile 64.8 41.5 53.4
Walking 1 block 24.3 8.3 16.4
Bathing or dressing 541 2.8 4.1
Self-rated health, mean (SD) 2.37(0.79) 2.5(1.25) 2.43 (1.04)

Notes: ALM = appendicular lean mass; BMI = body mass index; D,Cr = D, -creatine; DXA = dual-energy x-ray absorptiometry; LBM = lean body mass;

SD = standard deviation; SPPB = short physical performance battery.

includes results for the association of LBM and ALM with phys-
ical function outcomes. Lean body mass and ALM were positively
associated with physical function, but odds ratios were uniformly
lower for DXA measures compared to D,Cr measures. In D,Cr
models, odds ratios were higher in the models when the exposure
was scaled to BMI (eg, D,Cr/BMI), whereas in nearly all DXA
models (eg, LBM/BMI and ALM/BMI) associations were weaker
in models scaled to BMI. Table 3 presents results from logistic
regression models with D,Cr muscle mass parameterized as a con-
tinuous exposure variable. These results demonstrate a positive re-
lationship between increasing muscle mass and odds of high SPPB
or RAND-36 score, and are consistent with results presented in
Table 2. Additional information on the relation between D Cr and
DXA measures with continuous measures from gait speed (meters/
second) and chair rise tests (seconds) is included in Supplementary
Appendix 4.

Discussion

The current study demonstrates a clear relationship between muscle
mass, measured by D,Cr, and physical function in community-
dwelling postmenopausal women. Women with high muscle mass had
higher scores on all domains of the SPPB (balance, gait speed, and
chair stand) and were less likely to report any prevalent physical limi-
tations (physical activity, climbing stairs, bending/kneeling, walking,
bathing/dressing). Associations of D ,Cr with physical function were
stronger than DXA-defined LBM or ALM, lending support to the hy-
pothesis that D,Cr is a more accurate measure of muscle mass than
measures from DXA. In a commentary on the use of the D,Cr method,
Schaap succinctly describes one of the key benefits of this approach:
“By isolating contractile muscle mass from non-contractile compo-
nents including fat, the D -creatine assessment is not only an accurate
method to assess muscle mass but is less biased by obesity and aging
than DXA [appendicular lean mass] (p.842)” (17).
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Figure 1. Correlations between D,Cr muscle mass and DXA LBM or DXA
ALM, with absolute values and values scaled to weight, height?, and BMI.
ALM = appendicular lean mass; BMI = body mass index; D3Cr = D,-creatine;
DXA = dual-energy x-ray absorptiometry; LBM = lean body mass.The curved
line represents a quadratic prediction line. Full color version is available
within the online issue.

Our findings are broadly consistent with measures of D,Cr and
physical performance in older men in the Osteoporotic Fractures
in Men (MrOS) study (5). Cawthon and colleagues reported older
men in MrOs with low D,Cr muscle mass had worse physical func-
tion, higher incident disability (ie, difficulty completing activities of
daily living and instrumental activities of daily living and mobility
disability), and mortality risk (5,14). The MrOs results are similar
to our results in postmenopausal women; both studies report
strong and consistent associations between muscle mass, SPPB, and
functional limitation and weaker associations were observed for
the relation of DXA ALM and physical function (5). Women in

this study had lower absolute values of D,Cr muscle mass than
men in the MrOS study, as well as lower physical function scores
than men (eg, grip strength, SPPB) (5). These results demonstrate
that although the association between D,Cr functional outcomes
is similar in older men and women, we observe notable sex dif-
ferences. These results echo previous results on body composition
in older adults using DXA. The Copenhagen Sarcopenia Study
highlighted differences in DXA total body lean mass in 1305 older
men and women: total body lean mass was 57.6 kg in men aged
60-69, 53.6 kg in men aged 70-79, and 51.3 kg in men >80 years
compared to 40.8 kg, 39.4 kg, and 36.9 kg among women in the
same age groups (26). Given known differences in body compos-
ition in older men and women, there is a clear scientific need for
further research examining muscle mass in a large sample of older
women. The D,Cr method presents a tremendous opportunity
for researchers interested in aging and body composition. There
are many potential future directions for research using the D,Cr
method, including analyses comparing older men and women, ex-
ploration of the dynamic relationship between muscle mass and fat
mass in older adults, and the relation of D,Cr with risk of incident
disease and morbidity.

This study was designed as a pilot study to examine the use
of D,Cr in older women and has limitations similar to most pilot
studies. Given the small sample size, we may be underpowered to
detect the main effects of interest. Additional research is needed in a
larger group of women to confirm the relationships between muscle
mass, physical function, and functional limitation. A larger sample
size would also generate a more precise estimates of the association
between D,Cr and physical function outcomes. Given the local re-
cruitment and predominantly White study participants, our findings
might not be generalizable to a larger sample of women in the WHI
or older women in the general U.S. population. Our results also dem-
onstrated that all odds ratios adjusted for physical activity were at-
tenuated, which may be due to physical activity being a mediator
of the relationship between muscle mass and physical functioning
(27). Additional analyses, including a causal mediation analysis in
a larger sample, would be valuable to disentangle the complex re-
lationship between muscle mass and physical activity (28). Despite
these limitations, this study represents an important step forward for
our understanding of muscle mass in a community-dwelling sample
of postmenopausal women. At present, the largest study examining
the relation of D,Cr muscle mass with outcomes includes older men
only. The results of this pilot study make an important scientific and
clinical contribution to our understanding of muscle mass in older
women and clearly highlight the need for future research in a larger
sample of older women.

Our study contributes to an emerging body of literature on the
relation of D,Cr and age-related outcomes. This study presents pre-
liminary cross-sectional data on muscle mass and functional out-
comes in postmenopausal women. Longitudinal research is urgently
needed in a large, diverse sample of older adults. As women age,
the risk of falls, fractures, and frailty markedly increases (29,30).
Studying the relation between muscle mass and functional outcomes
is an important first step toward developing intervention strategies
to reduce morbidity in this high-risk age group.

Supplementary Material

Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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Table 3. Odds Ratios (ORs) and 95% Confidence Intervals (Cls) for Continuous D,Cr Muscle Mass as an Exposure Variable With Physical
Performance and Physical Function, Using Logistic Regression Models [OR (95% Cl)]

Physical Performance* (SPPB)

Physical Function* (RAND-36)

Model 1t Model 2# Model 3% Model 4" Model 5t Model 6+ Model 7% Model 8"
Absolute D,Cr muscle mass (kg)
Per 1 kg increase 1.12 1.02 0.99 0.99 1.04 1.09 1.09
(0.97,1.28) (0.88,1.19) (0.83,1.20) (0.85,1.25) (0.86, 1.14) (0.89,1.21) (0.90, 1.33) (0.89,1.34)
Relative D,Cr muscle mass/kg
Per 1% increase 1.15 1.15 1.14 0.92 0.92 0.98 1.01
(1.05,1.27) (1.04,1.28) (1.01,1.29) (0.98,1.27) (0.84,1.01) (0.84,1.01) (0.86,1.11) (0.89,1.16)
Relative D,Cr muscle mass/BMI
Per 0.1 kg/(kg/ 1.75 1.65 1.59 . 0.72 0.75 0.87 0.97
m?) increase (1.19, 2.57) (1.11, 2.48) (0.97,2.6) (0.92,2.45) (0.50, 1.04) (0.52,1.08) (0.54,1.42) (0.59, 1.60)
Relative D,Cr muscle mass/m?
Per 1 kg/m? 1.35 1.14 1.08 0.96 1.05 1.32 1.38
increase (0.93, 1.95) (0.76,1.71) (0.67,1.75) (0.68,1.86) (0.66, 1.4) (0.71, 1.57) (0.79,2.22) (0.80,2.39)

Notes: BMI = body mass index; D,Cr = D -creatine; HbAlc = hemoglobin Alc; HDL = high-density lipoprotein cholesterol; LDL = low-density lipoprotein

cholesterol; SPPB = short physical performance battery.

*SPPB used as a dichotomous outcome, comparing individuals with SPPB score 0-9 with 10-12.
*RAND-36 used as a dichotomous outcome, comparing individuals with RAND-36 score 0-77 with >78.

fCrude model.

*Adjusted for age (continuous).

SAdjusted for age (continuous), race/ethnicity (non-White and White), HbAlc (<5.7% and >5.7%), hypertension (>140/90 mm Hg), triglyceride (<150 and
>150 mg/dL), total cholesterol (<200 and >200 mg/dL), HDL cholesterol (<60 and 260 mg/dL), and LDL cholesterol (<130 and >130 mg/dL).

"Further adjusted for physical activity (continuous).
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