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Changes in Physical Performance in Older Women by Diabetes
Presence and Treatment

Christine G. Lee, MD1,2,4, Ann V. Schwartz, PhD3, Kristine Yaffe, MD3, Teresa A. Hillier,
MD4, Erin S. LeBlanc, MD4, and Peggy M. Cawthon, PhD5 for the Study of Osteoporotic
Fractures Research Group
1Research Service, Department of Veterans Affairs Medical Center, Portland, OR
2Department of Medicine, Oregon Health & Science University, Portland, OR
3University of California San Francisco, San Francisco, CA
4Center for Health Research, Kaiser Permanente Northwest, Portland, OR
5California Pacific Medical Center Research Institute, San Francisco, CA

Abstract
Objectives—To determine if older, diabetic women have a greater longitudinal decline in
physical performance and if these changes differ by insulin sensitizer use.

Design—Prospective cohort study.

Setting—Baltimore, Minneapolis, Portland and the Monongahela valley in Pennsylvania, USA.

Participants—2864 community-dwelling women (mean age 78.5±3.6 years) enrolled in the
Study of Osteoporotic Fractures in 1997–1998 and re-studied 4.9 ± 0.6 years later.

Measurements—Women were categorized as having no diabetes (n=2680) or having diabetes
(n=184). The prescription medication inventory was used to determine use of insulin sensitizers
(metformin/thiazolidinedione). The outcomes were longitudinal changes in physical performance
measures, including grip strength, usual walk speed, and rapid walk speed.

Results—Estimates from fully adjusted models showed that diabetic women had greater declines
in usual walk speed (−0.16 m/s [95%CI −0.19, −0.14]) and rapid walk speed (−0.21 m/s [95%CI
−0.24, −0.17]) compared to non-diabetic women (usual: −0.11 m/s [95%CI −0.12, −0.11], rapid:
−0.15 m/s [95% CI −0.16, −0.14]), p<0.01 for both comparisons. Diabetic women on insulin
sensitizers had an attenuated decline in the loss of usual walk speed compared to those not on
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insulin sensitizers, p<0.05. Declines in grip strength did not differ significantly by diabetes status
or insulin sensitizer use.

Conclusion—Older women with diabetes have a greater decline in walk speed, but not grip
strength compared to older women without diabetes. Clinical studies in older adults to determine
whether diabetes treatments like insulin sensitizers can prevent the loss in walk speed and mobility
are needed.

Keywords
elderly; diabetes; insulin sensitizer; physical performance; walk speed

INTRODUCTION
The prevalence of diabetes in adults over the age of 65 years exceeds 30%.1 While studies of
diabetes outcomes in younger adults have primarily focused on mortality, macrovascular
complications, and microvascular disease, older adults with diabetes appear to have a higher
risk of other adverse functional outcomes like disability and falls.2, 3 The American Diabetes
Association and American Geriatrics Society released a recent joint consensus statement to
highlight a growing body of evidence for a higher frequency of geriatric conditions in older
adults with diabetes and a need for clinical studies to determine how falls and functional
decline may be prevented in this population.4 Identifying specific contributors to functional
decline in older adults with diabetes is critical, so that these factors can be targets in clinical
studies of disability prevention and treatment for older adults with diabetes. Contributors to
these risks may be the loss of muscle mass and lower extremity strength with aging which
are accelerated in older adults with diabetes compared to non-diabetic, older adults.5, 6

However, little information is available on whether other measures of physical performance
decline in older adults with diabetes. Therefore, we examined the longitudinal change in grip
strength and usual and rapid walk speed by diabetes status in a cohort of older women.

Insulin resistance is an underlying feature of type 2 diabetes and is also associated with
lower physical performance in cross-sectional studies. Among older adults without diabetes,
greater insulin resistance was associated with lower muscle strength and gait speed.7, 8 Two
of the most commonly prescribed medication types used to treat type 2 diabetes, metformin
and thiazolidinediones, decrease peripheral insulin resistance and are considered insulin
sensitizers.9, 10 Insulin sensitizers have been shown to improve running performance and
endurance in sedentary mice.11 To examine whether these basic findings translate to
humans, we also performed a secondary analysis to determine if the decline in physical
performance tests differed by insulin sensitizer use.

METHODS
Study Population

Between 1986 and 1988, 9704 Caucasian women aged 65 years and greater were recruited
from 4 clinic sites in the US (Baltimore County, MD; Minneapolis, MN, the Monongahela
valley, PA; and Portland, OR) to participate in the prospective Study of Osteoporotic
Fractures (SOF).12 After this baseline visit, participants returned approximately every 2
years for follow-up visits. Between January 1997 and December 1998, 7008 of the original
cohort were studied a sixth time and an additional 662 African American women were
studied for the first time. Of this latter group of women, 3676 participated in a study visit on
average 4.9 years later 2002–2004. The cohort for this longitudinal analysis comprised 2864
women who completed physical performance exams at study visits 1997–1998 and 2002–
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2004 (Fig. 1). All clinic site institutional review boards approved the study and written
informed consent was provided by all study participants.

Diabetes Categories
At each clinic visit, self-reported questionnaire data on physician diagnosis of diabetes was
ascertained. Current medications were brought to the clinic visit and recorded by study
coordinators, and a computerized dictionary was used to categorize the medication
ingredients from generic and brand names obtained from drug container labels.13 Women
with a self-reported physician diagnosis of diabetes or use of diabetes medications were
categorized as having diabetes, and those lacking diabetes diagnosis and medications were
categorized as having no diabetes. Women using metformin and/or thiazolidinediones at
clinic visit 6 in 1997–98 were considered to have diabetes treated with insulin sensitizers.
Women were categorized as having diabetes treated without insulin sensitizers if they were
not receiving metformin or thiazolidinediones, but had either a diagnosis of diabetes and/or
use of other diabetes medications.

Physical performance
At each visit, participants had two trials to walk 6 meters at their usual speed timed in
seconds with a stopwatch, and the usual walk speed (m/s) was calculated as the average of
these two trials. Rapid speed (m/s) was calculated as the time to complete a 6 meter walk
trial at a fast pace. The average grip strength (Kg) was calculated using two grip strength
measurements taken with a Jamar Dynamometer in each hand.

Other measurements
Questionnaires were used to assess education (≥high school vs. <high school), current
smoking (Y/N), walking for exercise (Y/N), self-rated health (good/excellent vs. very poor/
poor/fair), and self-reported physician diagnosis of medical conditions including
hypertension, prior myocardial infarction, angina, congestive heart failure, arthritis,
depression, and chronic obstructive pulmonary disease. The medication inventory described
above was also used to assess other medications including oral estrogen, steroids, and
statins. Weight was measured with a balance beam scale and height was measured using a
wall-mounted Harpendenstadiometer (Holtain Ltd, Crymych, Wales). Body mass index
(BMI) was calculated from these measurements as weight (Kg) divided by height (m2).
Participants with extreme high and low BMI and age were assigned to the race-specific
lowest and highest values in the cohort so that they could not be identified by their unique
values.

Statistical Methods
Differences in baseline characteristics by diabetes status were assessed using Χ2 tests for
categorical variables and ANOVA for continuous variables. Separate linear regression
models were used to compare the change in usual walk speed, rapid walk speed and grip
strength for women with diabetes compared to the referent group of women without
diabetes. All initial models were adjusted for age, race and clinic site. Multivariate
regression models included adjustments for age, race, clinic site, baseline performance
measure, body mass index, self-rated health, hypertension and estrogen use. These
covariates were selected for inclusion in multivariable models because they differed by
diabetes status and were selected for inclusion by backward stepwise regression with
covariate retention threshold of p<0.10. Least squares mean changes in usual walk speed,
rapid walk speed and grip strength were estimated from the multivariable regression models.
Effect modification by exercise status was examined by testing the interaction between
diabetes categories and self-reported walking for exercise in the above models.
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For the secondary analysis to determine if physical performance differed for women with
and without insulin sensitizer use, the above multivariable linear regression models were
used to compare diabetic women with and without insulin sensitizer use to women without
diabetes. Post-estimation testing with nonlinear constraints was used to compare diabetic
women on insulin sensitizers to those who were not using insulin sensitizers. To account for
potential misclassification of non-diabetic women at baseline who became diabetic at
follow-up and changes in insulin sensitizer use between baseline and follow-up visits, these
analyses were repeated after restricting to participants who remained in consistent diabetes
categories and treatment groups at baseline and follow-up visits. To ensure the examination
of insulin-resistant type 2 diabetes rather than insulin-sensitive type 1 diabetes, the above
analyses were repeated after excluding women taking insulin at any visit. To determine
whether the effect of insulin sensitizers could be due to metformin alone, the analyses were
repeated after further excluding 2 women on thiazolidinediones. Statistical analyses were
performed using STATA/IC 11.0 (STATACorp LP, College Station, TX).

RESULTS
Women in this cohort had a mean age of 78.5±3.6 years. In contrast to women with no
diabetes, those with diabetes were younger, had higher BMI and grip strength, and had
lower usual and rapid walk speed (Table 1). They were also less likely to be Caucasian, have
good/excellent self-rated health, and use estrogen, but were more likely to have
hypertension, a history of a myocardial infarction, congestive heart failure and use of statin.
Among women with diabetes, 28 women were using insulin sensitizers and 156 women
were not taking insulin sensitizers. No additional baseline characteristics differed
significantly for diabetic women by insulin sensitizer use (results not shown). However,
diabetic women on insulin sensitizers used a greater number of diabetes medications;
whereas insulin use was more prevalent for diabetic women not on insulin sensitizers (Table
2).

Over a period of 4.9 years, diabetic women had greater losses in usual walk speed compared
to non-diabetic women in age-, race- and clinic site-adjusted models. The loss in usual walk
speed for women with diabetes remained significantly greater than in women without
diabetes even after accounting for baseline differences in BMI, usual walk speed, self-rated
health, hypertension and estrogen use in the fully adjusted model (Table 3). The loss in rapid
walk speed was significantly greater in women with diabetes compared to women without
diabetes in the fully adjusted model. While the loss in average grip strength for diabetic
women appeared to be slightly greater compared to non-diabetic women, the difference was
not significant in minimally or fully adjusted models. When restricting the analysis to
women in consistent diabetes categories at baseline and follow-up visits (177 women with
diabetes and 2537 women without diabetes), the results were unchanged (data not shown).
There was no interaction between diabetes status and self-reported walking for exercise on
the change in physical performance measures, interaction p-values >0.1.

Compared to women with no diabetes, diabetic women not using insulin sensitizers had
greater losses in usual and rapid walk speed, whereas diabetic women using insulin
sensitizers had comparable losses in usual and rapid walk speed to women with no diabetes
(Table 4). The post-estimation comparison of diabetic women by insulin sensitizer use
revealed a significantly slower decline in usual walk speed for diabetic women on insulin
sensitizers compared to diabetic women not using insulin sensitizers. Although diabetic
women on insulin sensitizers appeared to have the greatest loss in grip strength, the loss did
not differ significantly compared to diabetic women who were not on insulin sensitizers or
to women with no diabetes. There was no interaction between exercise and categories of
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diabetes treatment on the change in physical performance measures, interaction p-values
>0.1.

To address the effects of changing diabetes categories and use of other diabetes medications
during this period, these analyses were repeated after first restricting to women who
remained in consistent diabetes categories at the follow-up visit, then further excluding those
on insulin at either visit, and further excluding women using thiazolidinediones at either
visit. Overall, no significant alterations in the study results were found after these
restrictions (Table 4). Additional adjustment for the number of diabetes medications in a
model comparing just diabetics with and without insulin sensitizer use did not alter the
significant attenuation in walk speed decline for diabetics on insulin sensitizers (results not
shown).

DISCUSSION
All older women in this cohort had a decline in physical performance over 4.9 years. While
there was no difference in the loss of grip strength between women with and without
diabetes, women with diabetes had a greater loss in walk speed compared to women without
diabetes. Exploratory secondary analyses suggest that diabetic women using insulin
sensitizers, particularly metformin, had a lesser decline in usual walk speed compared to
diabetic women who are not using insulin sensitizers.

To our knowledge, this is the first longitudinal study to report a more rapid decline in walk
speed in older women with diabetes. Several factors may contribute to the decline in walk
speed, including the loss in lower extremity strength, balance, and cognitive function.
Studies have shown a greater decline in cognitive function and lower extremity strength in
older adults with diabetes.5, 14, 15 Previous cross-sectional studies have shown poorer
performance on balance tests with diabetes, but longitudinal results are not available.3, 16

While older adults with diabetes have a greater decline in lower extremity strength, we
found a lack of difference in grip strength decline for older women with diabetes compared
to those without diabetes that corroborate results reported by Park and colleagues.5

Recognizing that older adults with diabetes have a greater decline in lower extremity
function rather than upper extremity performance has serious implications given evidence of
decreased lower extremity performance, particularly gait speed, being more predictive of
progressive and catastrophic activities of daily living disability and mobility disability than
upper extremity performance measures.17 Furthermore, identification of specific
impairments in physical performance will allow future clinical studies to target preventive
therapies for the decline of these lower extremity performance measures in older adults with
diabetes.

Exercise is an intervention that can lower insulin resistance.18 In this study, exercise did not
appear to alter the associations between physical performance and diabetes categories.
However, the ability to detect effect modification by exercise may have been limited by
small sample sizes in the diabetes categories and the use of self-reported walking for
exercise, a subjective measure of physical activity. Thus, the influence of physical activity
on the loss of physical performance in women with and without diabetes should be
examined further in clinical studies and cohorts with more objective assessments of physical
activity and larger sample sizes.

This analysis added novel preliminary findings that the loss in usual walk speed was
attenuated for diabetic women using insulin sensitizers compared to diabetic women not
using insulin sensitizers. To ensure that the greater loss in walk speed for women who were
not on insulin sensitizers was not due to a longer duration of or more severe form of
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diabetes, the analysis was repeated and results confirmed after excluding participants using
insulin, since the use of insulin is related to a longer duration of diabetes with treatment of
type 1 diabetes starting at younger ages or with treatment of more advanced type 2 diabetes
with insulin insufficiency.19,20 To account for effects of potential misclassification of non-
diabetic women at baseline who became diabetic at follow-up or changes in insulin
sensitizer use prior to the follow-up visit, the analysis was repeated after restriction to
women who remained in consistent diabetes and diabetes treatment categories on follow-up
with no significant alteration in the study results. Because we previously found that
metformin use in older diabetic men was associated with a significant attenuation in the loss
of appendicular lean mass,21 we looked only at metformin use for older women on insulin
sensitizers and found even further attenuation in the loss of usual walk speed. While there
were statistically significant differences for the change in usual walk speed by insulin
sensitizer use, we recognize that the number of women on insulin sensitizers was low in this
analytic cohort (studied initially 1997–1998) because metformin was not released in the US
until 1995 and the first thiaziolidinedione was not released until 1997.22 Moreover, the
difference in magnitude of change between the groups is small. Given that these are
observational findings, causality cannot be inferred, and additional studies are needed to
confirm this preliminary finding and to explore how existing or new diabetes medications
may prevent the decline in walk speed, mobility impairments and functional disability.

Potential explanations for the attenuation in walk speed decline with insulin sensitizer use
may be due to either a reduction of insulin resistance or a direct effect on muscle. Insulin
resistance is also associated with impaired cognitive function and vascular function.4, 23–25

Treatment of insulin resistance has been shown to prevent cognitive decline and micro- and
macrovascular disease in diabetics.26, 27 Both intact cognitive and vascular function are
likely important for the maintenance of physical performance. A less studied area, but
possible alternative mechanism of insulin sensitizers could be through a direct effect on
muscle. As noted above, metformin use in older diabetic men was associated with a
significant attenuation in the loss of appendicular lean mass.21 Metformin has similar effects
on muscle to aerobic exercise, and both can activate 5′ adenosine monophosphate-activated
protein kinase (AMPK) which is associated with the development of an oxidative muscle
phenotype.18, 28–32 Therefore, the attenuated loss in walk speed with no impact on grip
strength for older women on metformin may be due to a preservation of oxidative muscle
fibers. Further clinical studies to more directly test this hypothesis and also potential effects
on endurance are needed.

While our findings are provocative and supported by potential biological explanations, there
are study limitations to consider. The analysis was restricted to older women with
longitudinal ascertainment of physical performance. In comparison to women who were
studied 1997–1998 and did not follow-up, women who followed-up were younger, had
better self-rated health, a lower prevalence of diabetes, hypertension and heart disease, and
higher grip strength and walk speed. Therefore, the analytic cohort comprised a healthy and
functional group of older women, and study results may not generalize to frail older women.
Women with diabetes in this cohort were younger than women with no diabetes. This age
difference may be explained by a lack of follow-up due to mortality or disability for older
diabetic women. However, even without inclusion of these women, a greater loss in walk
speed for older women with diabetes was still detected. The low prevalence of diabetes in
this cohort of older women does not match the U.S. population-based estimate of 12.3% for
older women from this time period and may also reflect a healthier cohort selection.33

However, the low prevalence may also be due to undiagnosed diabetes since this study did
not ascertain fasting glucose levels or administer oral glucose tolerance tests.
Misclassification of undiagnosed diabetic women as having no diabetes would bias the
estimates for non-diabetic women towards greater loss. It is also possible that 28 of the 156
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women categorized as having diabetes by self-report with no concurrent use of diabetes
medications may have misreported a diagnosis of diabetes. This miscategorization would
have attenuated losses in physical performance for women with diabetes. Despite these
potential misclassifications we were still able to detect a significant difference in walk speed
decline for women with diabetes compared to non-diabetic women in this cohort of women.
There was also the potential for confounding by disease severity in the secondary analysis of
insulin sensitizer use. We did not have a direct measure of diabetes control, like glycated
hemoglobin levels. Although we tried to account for disease severity by adjusting for
number of diabetes medications and excluding women using insulin who likely had type 1
diabetes or longer-standing type 2 diabetes with no alteration in our findings, residual
confounding by glycemic control may have remained. While we adjusted for self-rated
health, a more rigorous and objective measurement of overall health like the Charlson
Comorbidity Index was not available,34 and residual confounding by overall health status
also may exist.

In this cohort of older women, diabetes was associated with a more rapid decline in walk
speed, but not grip strength. Moreover, older diabetic women using insulin sensitizers,
particularly metformin, had an attenuated loss in walk speed. These findings add to the
growing body of evidence for the development of functional impairments in older adults
with diabetes.2, 5, 35–37 These results also highlight the importance of measuring functional
outcomes, especially walk speed, in clinical studies of diabetes so that therapies to prevent
disability in older adults with diabetes can be identified.
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Figure 1.
Study Population
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Table 2

Baseline Treatment Characteristics of Diabetic Women by Insulin Sensitizer Use

No insulin sensitizers n=156 Insulin sensitizers n=28

Number of diabetes medications, mean(SE) 0.9 (0.5) 1.9 (0.4)

Acarbose, n (%) 2 (1.3) 0 (0.0)

Sulfonylureas, n (%) 100 (64.1) 21 (78.6)

Insulin, n (%) 29 (18.6) 2 (7.1)

Metformin, n (%) 0 (0.0) 27 (96.4)

Thiazolidinedione, n (%) 0 (0.0) 2 (7.1)

J Am Geriatr Soc. Author manuscript; available in PMC 2014 November 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Lee et al. Page 13

Table 3

Adjusted Least Squares Mean Change (95% Confidence Interval) in Physical Performance by Diabetes Status

No Diabetes n=2680 Diabetes n=184 p-value

ΔWalk speed (m/s)

 Model 1 −0.12 (−0.12, −0.11) −0.15 (−0.18, −0.13) <0.01

 Model 2 −0.11 (−0.12, −0.11) −0.16 (−0.19, −0.14) <0.01

ΔRapid speed (m/s)

 Model 1 −0.15 (−0.16, −0.14) −0.18 (−0.22, −0.15) 0.13

 Model 2 −0.15 (−0.16, −0.14) −0.21 (−0.24, −0.17) <0.01

ΔGrip strength (Kg)

 Model 1 −1.26 (−1.40, −1.13) −1.40 (−1.91, −0.88) 0.61

 Model 2 −1.26 (−1.38, −1.14) −1.44 (−1.90, −0.98) 0.47

Model 1 adjusted for age, race and clinic site

Model 2 adjusted for Model 1 covariates, baseline performance measure, body mass index, self-rated health, hypertension and estrogen use.
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Table 4

Adjusted Least Squares Mean Change (95% Conficence Interval) in Physical Performance by Diabetes
Categories in the Entire Cohort, After Restricting to Consistent Diabetes Categories at Both Visits, After
Further Excluding Any Insulin Use, and After Additional Exclusion of Any Thiazolidinedione (TZD)Use

No diabetes Diabetes not on insulin sensitizers Diabetes on insulin sensitizers

Entire Cohort (n=2680) (n=156) (n=28)

ΔWalk speed (m/s) −0.11 (−0.12, −0.11) −0.17 (−0.20, −0.15)* −0.10 (−0.16, −0.03)†

ΔRapid speed (m/s) −0.15 (−0.16, −0.14) −0.22 (−0.25, −0.18)* −0.14 (−0.23, −0.06)

ΔGrip strength (Kg) −1.26 (−1.38, −1.14) −1.34 (−1.83, −0.84) −2.00 (−3.16, −0.84)

Consistent at 2 visits (n=2537) (n=99) (n=21)

ΔWalk speed (m/s) −0.11 (−0.12, −0.11) −0.18 (−0.21, −0.14)* −0.08 (−0.16, −0.00)†

ΔRapid speed (m/s) −0.15 (−0.16, −0.14) −0.22 (−0.27, −0.18)* −0.12 (−0.22, −0.02)

ΔGrip strength (Kg) −1.23 (−1.35, −1.11) −1.09 (−1.71, −0.48) −2.02 (−3.34, −0.70)

Exclude Insulin Use (n=2537) (n=70) (n=20)

ΔWalk speed (m/s) −0.11 (−0.12, −0.11) −0.16 (−0.21, −0.12)* −0.07 (−0.15, 0.01)†

ΔRapid speed (m/s) −0.15 (−0.16, −0.14) −0.21 (−0.27, −0.16)* −0.10 (−0.21, −0.00)

ΔGrip strength (Kg) −1.23 (−1.35, −1.11) −0.59 (−1.31, 0.14) −1.91 (−3.26, −0.55)

Exclude TZD Use (n=2537) (n=70) (n=13)

ΔWalk speed (m/s) −0.11 (−0.12, −0.11) −0.16 (−0.21, −0.12)* −0.04 (−0.14, 0.05)†

ΔRapid speed (m/s) −0.15 (−0.16, −0.14) −0.21 (−0.27, −0.16)* −0.09 (−0.22, 0.04)

ΔGrip strength (Kg) −1.23 (−1.35, −1.11) −0.59 (−1.31, 0.14) −1.66 (−3.33, 0.01)

Estimates are adjusted for age, race, clinic site, baseline physical performance measure, body mass index, self-rated health, hypertension and
estrogen use.

*
p<0.05 vs. women with no diabetes

†
p<0.05 vs. women with diabetes not on insulin sensitizers
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