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Abstract

Background: Type 2 diabetes mellitus may alter the effect of physical activity on physical and cognitive function.

Methods: The Lifestyle Interventions and Independence for Elders (LIFE) trial randomized controlled clinical trial of physical activity
intervention (walking, resistance training, and flexibility exercises) enrolled adults aged 70-89 years who were sedentary and non-demented
and who had functional limitations. Standardized measures of physical and cognitive function were collected an average of 2 years post-
randomization. Differences between the intervention and control groups from 415 individuals with diabetes and 1,061 individuals without
diabetes were contrasted with analyses of covariance.

Results: At 24 months, assignment to the physical activity intervention resulted in 0.019 m/s relatively faster average 400-meter gait speeds
(p =.007 overall) both for individuals with and without diabetes (intervention x diabetes interaction p = .99). No benefits were seen on scores
from a physical performance battery. Performance on cognitive tests was better among participants assigned to the physical activity intervention
compared with control only for those with diabetes, particularly for global cognitive function (p = .02) and delayed memory (p = .005), with
mean [95% confidence intervals] for benefit from physical activity intervention of 0.114 [0.007,0.111] and 0.208 [0.030,0.387] standard
deviations, respectively.

Conclusions: Physical activity intervention improved the gait speed of older, sedentary individuals with and without diabetes. The cognitive
function benefits occurred among participants with, but not without, diabetes. The mechanisms through which physical activity affects physical
and cognitive function in older adults may differ for individuals by diabetes status.

Keywords: Behavioral intervention—Type 2 diabetes—Clinical trials

One-quarter of U.S. adults who are 65 years or older have Type
2 diabetes mellitus (1). This accelerates their development of many
age-related conditions and geriatric syndromes (2—4). Physical inac-
tivity is an important component of the geriatric syndrome in diabe-
tes (5). Sedentary lifestyle in older adults is associated with poorer
control of diabetes and increased risk for comorbidities related to

diabetes and insulin resistance (3,6). While treatment guidelines gen-
erally recommend that sedentary individuals with diabetes increase
their physical activity (7), these recommendations may be of increas-
ing importance later in life.

Declines in mobility and cognitive function are two features
of the geriatric syndrome that diabetes is known to accelerate. It
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reduces mobility by lowering muscle quality and increasing neu-
ropathy and peripheral vascular disease (8). It accelerates cognitive
decline by disrupting energy metabolism in the brain, restricting its
blood flow, and increasing atrophy and cerebrovascular disease (9).
Physical activity may be expected to protect mobility and cognitive
function. However, there is no clear evidence that structured physi-
cal activity programs to increase physical function benefit physical
and cognitive function in older sedentary individuals with diabetes.
These individuals face additional disease-related barriers towards
increasing their physical activity including increased rates of hos-
pitalization, sarcopenia, frailty, and complications such as arthritis,
impaired vision, heart disease, and neuropathy that may diminish
the effectiveness of interventions (2,8).

We conducted an exploratory analysis of data from a rand-
omized controlled clinical trial of a physical activity intervention
that included large numbers of older individuals with and without
diabetes and standardized assessments of physical and cognitive
function. The Lifestyle Interventions and Independence for Elders
(LIFE) trial found that physical activity intervention tailored to older
individuals preserved mobility, but had no overall effects on cog-
nitive function (10,11). We hypothesized that the intervention may
have different effects on physical and cognitive function, depending
on individuals® diabetes status.

Methods

LIFE was an eight-center, single-blinded, randomized controlled
trial of an intervention to increase physical activity versus a health
education control condition (12,13, Supplementary Appendix).
Participants were sedentary, aged 70-89 years, and could walk 400
meters in 15 minutes despite lower extremity functional limitations.
LIFE was approved by all sites” institutional review boards; informed
consent was obtained from all participants.

Interventions

The physical activity intervention focused on walking, strength, flex-
ibility, and balance training (10,12). Each week, participants were to
attend two center-based visits and perform home-based activity 3—4
times, with goals of 30 minutes of walking at moderate intensity, 10
minutes of primarily lower extremity strength training with ankle
weights, 10 minutes of balance training, and large muscle group flex-
ibility exercises.

The health education group attended weekly workshops during
the first 26 weeks of the intervention and monthly sessions thereafter
(bi-monthly attendance was optional). Topics included travel safety,
age appropriate preventive services, and nutrition, with 5-10 min-
utes of upper extremity stretching and flexibility exercises.

Measures
Diabetes was defined by self-report, current use of medications,
or fasting glucose 2126 mg/dL at enrollment. The Short Physical
Performance Battery (SPPB) consists of a 4-meter walk at usual pace,
a timed repeated chair stand, and three increasingly more difficult
standing balance tests (14). The total score ranges from 0 (worst)
to 12 (best). Gait speed was calculated from a 400-meter walk test
(10). For those who did not complete the walk, it was based on the
portion of the walk that was completed.

A neuropsychological battery was administered by masked
interviewers at baseline and 24 months (11). Three computer-
based cognitive tests were administered at baseline and at either

18 or 30 months, depending on when participants were enrolled
(11,15). The interviewer-administered tests included the Modified
MiniMental State Exam (3MSE), a test of global cognitive function;
the Wechsler Adult Intelligence Scale-III Digit Symbol Coding test
(DSC), a test of psychomotor speed, attention, and working mem-
ory; and the Hopkins Verbal Learning Test-Revised (HVLI-D), a
test of delayed recall. The computer tests added sensitivity for speed
of processing and executive function: 1-back and 2-back tasks, the
Eriksen Flanker task, and a task-switching paradigm. Higher scores
reflect better performance on the 3MSE, DSC, HVLT-D, and 7-back
tests; lower scores reflect better performance on the Eriksen Flanker
task and task-switching tests.

Self-reported demographic characteristics, medical and hospi-
talization history, body mass index, and medication use were col-
lected at baseline. Physical activity (min/wk) was assessed with
the Community Healthy Activities Model Program for Seniors
(CHAMPS) questionnaire (16). Hospitalizations were based on
self-report.

Statistical Analysis

Baseline risk factors and measures of physical and cognitive func-
tion were compared between intervention and diabetes groups using
analyses of variance and logistic regression. A 1% winsorization
was used to reduce the impact of extreme cognitive function scores:
scores below the 1st percentile were replaced by the 1st percentile
and scores above the 99th percentile were replaced by the 99th per-
centile. Individual scores were standardized by dividing their differ-
ence from the baseline cohort-wide mean by the standard deviation
and ordered so that positive scores reflected better performance.
A composite, which we loosely refer to as executive function, was
formed by averaging standardized measures from the computer-
administered battery (11). Analyses of covariance were used to
assess mean follow-up physical and cognitive measures, with adjust-
ment for baseline values and inclusion of age, education, sex, and
race. Additional covariates were included in supporting analyses.

Results

Our analyses were based on the 1,476 (90.3%) of 1,635 participants
who provided post-randomization physical and cognitive func-
tion data. Compared with those missing assessments, participants
included in analyses had faster baseline mean 400-meter gait speeds
(p < .001) and better performance on the 1-back cognitive function
test (p = .03), but did not differ markedly (p > .05) for any other
baseline factors (Table 1). They also did not differ on the prevalence
of diabetes (p = .56) or intervention assignment (p = .38).

Compared with others in our analyses, participants with diabetes
were younger and had less formal education. They included a higher
prevalence of males, African Americans, cardiovascular disease, and
hypertension (Table 1; all p < .05). They also had higher mean body
mass indices and slightly lower mean 400-meter gait speeds. Their
mean performances on the DSC, HVLT-D, and flanker tasks were
worse. The balance between intervention groups afforded by ran-
domization for the full LIFE cohort was maintained in the subset
included in our analyses for all factors in Table 1 (all p > .035), except
race/ethnicity: there were slightly more African Americans assigned
to the physical activity compared with health education intervention
(p = .03).

Table 2 and Figure 1 present our primary findings. At 24 months,
with covariate adjustment for baseline scores, age, education, gender,
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Table 1. Risk Factors and Baseline Cognitive and Physical Function Scores for Sedentary Older Adults With and Without Diabetes by Inter-
vention Assignment: N (percent) or mean (SD)

Physical Activity vs Diabetes vs No
Physical Activity Health Education Health Education Diabetes
Diabetes, No Diabetes Diabetes, No Diabetes,
N =199 N =536 N =216 N =525 p-Value p-Value
Covariates
Age,y
70-79 134 (67.3) 294 (54.8) 143 (66.2) 270 (51.4) 32 <.001
80-89 65 (32.7) 242 (45.2) 73 (33.8) 255 (48.6)
Sex
Female 126 (63.3) 370 (69.0) 134 (62.0) 369 (70.3) .87 .01
Male 73 (36.7) 166 (31.0) 82 (38.0) 156 (29.7)
Education
High school or less 94 (47.2) 183 (34.1) 79 (36.6) 183 (34.9) 35 .01
Beyond high school 105 (52.8) 353 (65.9) 137 (63.4) 342 (65.1)
Race/Ethnicity
African American 47 (23.6) 105 (19.6) 40 (18.5) 74 (14.1)
Non-Hispanic white 137 (68.8) 405 (75.6) 159 (73.6) 422 (80.4) .03 .02
Other 15(7.5) 26 (4.8) 17 (7.9) 29 (5.5)
Body mass index, kg/m? 31.8 (0.4) 29.5(0.2) 31.9 (0.4) 29.5(0.3) .84 <.001
Prior cardiovascular disease
No 123 (61.8) 402 (75.0) 142 (65.7) 374 (71.2) 45 <.001
Yes 76 (36.2) 134 (25.0) 74 (34.3) 151 (28.8)
Hypertension, Miss = 1
No 33 (16.6) 130 (24.2) 32 (14.9) 130 (24.8) .90 <.001
Yes 166 (83.4) 406 (75.8) 183 (85.1) 395 (75.2)
CHAMPS, min/wk 77.7 (136.7) 74.9 (122.5) 77.6 (113.7) 86.8 (138.8) 21 .68
Apo-E4 gene, Miss = 151
0 alleles 149 (82.3) 360 (75.5) 156 (78.8) 353 (75.3) 165 .05
1 or 2 alleles 32 (17.7) 117 (24.5) 42 (21.2) 116 (24.7)
Physical Function
SPPB 7.46 (1.56) 7.38 (1.59) 7.31 (1.62) 7.13 (1.83) .07 A1
400-meter gait speed, m/s 0.82 (0.17) 0.83 (0.17) 0.81(0.17) 0.83 (0.16) .38 .04
Cognitive Function™
3MSE 91.5 (0.4) 91.7 (0.2) 91.4 (0.4) 91.9 (0.2) .73 .30
DSC 45.1(0.9) 46.3 (0.6) 45.7 (0.9) 47.5 (0.6) 13 .05
HVLT-D 7.4(0.2) 7.9 (0.1) 7.4(0.2) 7.8 (0.1) 51 .005
n-back task, % correct
1-back 0.80 (0.01) 0.82 (0.01) 0.82 (0.01) 0.82 (0.01) .56 .18
2-back 0.51 (0.01) 0.51 (0.01) 0.50 (0.01) 0.51 (0.01) 76 80
Task switching, ms
No switch 1,466 (53) 1,460 (34) 1,419 (48) 1,404 (33) .18 .83
Switch 2,408 (77) 2,447 (49) 2,304 (67) 2,363 (49) 11 42
Eriksen Flanker, ms
Congruent 662 (13) 643 (8) 681 (15) 639 (8) 11 .005
Incongruent 732 (16) 716 (10) 766 (19) 708 (10) 71 .006

Notes: 3MSE = Modified MiniMental State Exam; CHAMPS = Community Healthy Activities Model Program for Seniors; DSC = Digit Symbol Coding;
HVLT-D = Hopkins Verbal Learning Test-Revised; SPPB = Short Physical Performance Battery.

*Higher scores reflect better performance for the SPPB (0 to 12), 3MSE (0 to 100), DSC (0 to 133), HVLI-D (0 to 12), n-back tests (0 to 100). Higher scores
reflect worse performance for the task switching and Flanker tasks.

and race/ethnicity, overall mean SPPB scores did not differ between
intervention groups: the mean [95% confidence interval] difference
(physical activity minus health education) was 0.12 [-0.11,0.34]
SPPB units (p = .32). Overall differences in 400-meter gait speeds
between intervention groups were significant (p = .007). Physical
activity intervention participants with diabetes averaged 0.019
[-0.008,0.047] m/s faster gaits; those without diabetes averaged
0.019 [0.002,0.036] m/s faster gaits. Figure 1 presents results in
standard deviation units to facilitate comparisons across measures:
intervention effects were similar for participants with and without

diabetes, with p-values for tests of interaction p = .97 (SPPB) and
p = .99 (400-meter gait speed). Analyses based on 4-meter gait
yielded results similar to those for 400-meter gait.

There were no overall differences between intervention groups for
any of the cognitive function measures (Table 2, all p > .50). However,
as seen in Figure 1, for each cognitive function measure, the mean dif-
ferences between physical activity and health education participants
were positive for participants with diabetes and negative for those
without diabetes, with tests for interactions reaching statistical signifi-
cance for 3MSE (p =.02) and HVLT-D (p = .005). For these measures,
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Table 2. Physical and Standardized Cognitive Function Measures at 2 Years for Participants With and Without Diabetes: Mean (SE) With
Adjustment for Age, Education, Gender, Race/Ethnicity, and Baseline Value

Physical Activity Health Education PA vs HE PA vs HE

Diabetes No Diabetes Diabetes No Diabetes Mean [95% CI] p-Value
SPPB 7.84 (0.16) 8.02 (0.10) 7.72 (0.15) 7.91 (0.10) 0.12 [-0.11,0.34] .32
400-meter gait, m/s 0.788 (0.010) 0.795 (0.006) 0.769 (0.010) 0.776 (0.006) 0.019 [0.005,0.034] .007
3MSE, SDs 0.028 (0.047) -0.086 (0.028) -0.121 (0.045) -0.059 (0.029) 0.023 [-0.44,0.90] 51
DSC, SDs 0.010 (0.043) -0.010 (0.026) -0.053 (0.041) 0.022 (0.026) -0.005 [-0.067,0.056] .87
HVLT-D, SDs -0.018 (0.066) -0.226 (0.040) -0.227 (0.063) -0.135 (0.040) -0.007 [-0.102,0.087] .87
Executive function, SDs 0.070 (0.054) -0.037 (0.034) 0.033 (0.053) 0.018 (0.034) 0.016 [-0.064,0.095] .70

Notes: 3MSE = Modified MiniMental State Exam; CI = confidence interval; DSC = Digit Symbol Coding; HE = health education; HVLT-D = Hopkins Verbal
Learning Test-Revised; PA = physical activity; SD = standard deviation; SE = standard error; SPPB = Short Physical Performance Battery.
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Figure 1. Mean [95% confidence interval] intervention effects (Physical
Activity minus Health Education) in standard deviation units for physical
function (Short Physical Performance Battery and 400-meter gait) and
cognitive function (global composite, digit symbol coding, delayed memory,
and executive function) scores with covariate adjustment for age, education,
gender, race/ethnicity, and baseline scores.

95% confidence intervals for the mean difference between physi-
cal activity and health education participants with diabetes excluded
zero: for 3MSE the mean intervention effect was 0.114 [0.007,0.222]
standard deviations and for HVLT-D it was 0.208 [0.030,0.387]
standard deviations. The 95% confidence intervals for intervention
effects included zero among participants with diabetes for the other
two cognitive function tests, and for all four tests among those with-
out diabetes. Additional covariate adjustment for all factors in Table 1
(ie, including body mass index, prior cardiovascular disease, hyperten-
sion, CHAMPS score, and Apo-E4 genotype) attenuated the interac-
tions for the cognitive function tests slightly. For 3MSE, the interaction
no longer reached statistical significance (p = .07). For HVLT-D, it
remained highly significant (p = .007). This additional covariate adjust-
ment had no material impact on interactions for other measures.

Differences between participants with and without diabetes in
estimated 2-year mean intervention effects (Figure 1) ranged from
about 0.1 to 0.3 standard deviations. When baseline cognitive func-
tions were regressed against participants’ age, estimated slopes
ranged from -0.025 SD/y for executive function to -0.043 SD/y for
DSC test scores. Thus, the estimated intervention effects exceed the
magnitude of cognitive decline associated with a difference of several
years in age along these regression slopes.

We explored several potential correlates of intervention benefits
(Supplementary Table). Attendance in physical activity and health
education intervention sessions was similar for participants with and
without diabetes (interaction p = .70). CHAMPS physical activity

increased similarly at 12 and 24 months among physical activity inter-
vention participants both with and without diabetes. Changes in mean
body mass index and blood pressure over time were small in both
intervention groups and did not vary by diabetes status. The hospi-
talization rate was similar between intervention groups for individuals
with diabetes. It was slightly higher among physical activity com-
pared with health education participants without diabetes, but not
significantly (p = .15). The annual hospitalization rate was negatively
associated with 3MSE and HVLT-D scores (both p < .001); includ-
ing this as a covariate did not alter interactions between diabetes and
intervention assignment (3MSE interaction p = .03; HVLI-D interac-
tion p = .007). Adding interactions between intervention assignment
and hospitalization rates also did not affect results. Insulin use among
participants with diabetes was balanced between intervention groups.

Discussion

The LIFE physical activity intervention significantly increased physical
activity and lowered the incidence of major mobility disability (10).
During the prior LIFE pilot trial, the physical activity intervention
also improved gait speeds and SPPB performance over 1 year (17),
but resulted in no overall benefit for cognitive function (11). Our pre-
sent analyses add the following. First, there was no difference in the
effects of the physical activity intervention on 400-meter gait speeds
for individuals with and without diabetes. Second, while there were
no overall benefits of the intervention on cognitive function, among
individuals with diabetes the physical activity intervention resulted in
better global cognitive function and delayed memory. Finally, covari-
ate adjustment for hypertension and history of cardiovascular disease
did not affect results and we could not attribute differential benefits
for individuals with diabetes to differences in markers of adherence
(intervention session attendance, participation in physical activity),
changes in body mass index, hospitalizations, or insulin use.

Physical Function

Diabetes and its primary risk factor obesity are both strongly associ-
ated with impaired mobility function and mobility disability (18-21).
Many trials in persons with diabetes have assessed the effects of exer-
cise training on metabolic control and disease risk factors, however
we are aware of no reports that the response to exercise differs in
persons on the basis of Type 2 diabetes status alone (22). We are
also aware of no other study that evaluated the effect of exercise on
the risk of mobility disability in older persons with Type 2 diabetes.
A number of studies have examined the effect of exercise on changes
in self-reported physical functioning in diabetes and have shown sig-
nificant improvements associated with exercise (23,24). Most have
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been relatively short in duration and focused on middle-aged partici-
pants. The Action for Health in Diabetes (Look AHEAD) trial studied
lifestyle intervention designed to reduce caloric intake and increase
physical activity in persons with Type 2 diabetes, ages 45-76 years.
Its intervention was associated with superior maintenance of self-
reported physical function over 4 years (25). Mediation analysis
showed that both exercise and weight loss contributed to the ben-
efit. Gait speed was measured in a subset of participants at 8 and
9 years. The intervention benefited gait speeds in both the younger
and older participants (25). In the LIFE-pilot study, obesity attenuated
the benefits on gait speed and SPPB scores that the physical activity
intervention provided (26). A community-based exercise intervention
trial in overweight and obese older adults showed that the mobility
benefits of exercise were not as well sustained unless they were also
paired with weight loss (27). LIFE participants with Type 2 diabetes
were heavier than nonparticipants, but had a similar experience with
respect to mobility function to those without the disease. The LIFE
primary results manuscript included an assessment of the comparabil-
ity of intervention effects on its primary outcome, incidence of major
mobility, across participants grouped by diabetes, insulin resistance,
and normal, which were comparable (interaction p = .41) (10).

Cognitive Function
There is not consistent evidence that aerobic exercise benefits the cog-
nitive function of older individuals who are not cognitively impaired
(28). Evidence that physical activity interventions differentially benefit
cognition among individuals with diabetes is limited and mixed. Baker,
et al., reported the effects of a 6-month trial of aerobic exercise in 28
adults (ages 57-83 years) who were either newly diagnosed with diabe-
tes (21%) or prediabetes (29). Compared to a stretching intervention,
the physical activity intervention was associated with relative improve-
ments in executive function, but not memory. The Look AHEAD trial
found no cognitive benefit of 8-9 years of its lifestyle intervention in
978 adults (aged 45-76 years) with Type 2 diabetes (30). Cohort stud-
ies have reported weak associations between physical activity and bet-
ter cognitive function among individuals with diabetes (31,32). While
our findings that physical activity may benefit cognitive function in an
older, inactive, and more physically vulnerable cohort with diabetes
is most consistent with Baker, et al., we saw evidence of benefit for
memory, and less evidence of benefit for executive function. Differences
among the cohorts, timeframes, targeted physical activities, and cogni-
tive measures among studies may account for the different findings.
The potential benefit of the LIFE physical activity intervention for
cognitive function of individuals with diabetes contrasts with the lack
of benefit for those without diabetes. The benefits LIFE has reported
for mobility (10) and those we report for gait speed may be attributed
to improvements in factors such as inflammation, neuropathy, and
vascular function, pathways that cognitive and physical function share
but which were not assessed in LIFE (33,34). It may be that cognitive
deficits in individuals with diabetes are more closely associated with
inflammation and vascular dysfunction than for those without diabe-
tes, enhancing the potency of the LIFE intervention for people with dia-
betes. Many participants with diabetes had hypertension, heart disease,
and obesity: it is possible that the benefits in cognitive function the
physical activity intervention provided for these individuals reflected
the contribution of a broader set of metabolic and vascular factors. It is
possible that physical activity intervention benefited cognitive function
by improving diabetes control (35) and that its benefits for physical
function were through pathways (eg, increased strength) that did not
influence cognitive function in individuals without diabetes. Another
possible mechanism is through energy metabolism. Glucose is the

primary source of energy for brain, however among individuals with
diabetes for whom glucose-based metabolism is less reliable, the brain
may adapt to have greater efficiency to draw on alternative energy
sources (36,37). In older individuals who have less robust blood-brain
barriers, it is possible that physical activity bouts may compete with the
brain for glucose resources, leading to lower glucose levels in the brain
that potentially counteract benefits from other pathways (eg, inflam-
mation and vascular function) that improve physical function (38).
If participants with diabetes had adapted to draw more efficiently on
alternatives to glucose-based energy, perhaps they were less susceptible
to this phenomenon and more able to accrue benefits from other path-
ways. This can account for the slightly (nonsignificantly) lower cogni-
tive function seen in the physical activity intervention group.

Potential Mediators of Cognitive Benefits

We saw no evidence that the intervention differentially benefited
individuals with diabetes due to increased adherence to the interven-
tion, changes in weight and blood pressure, or differences in insulin
use. Hospitalization rates were similar between intervention groups
for participants with diabetes, but were slightly higher among physi-
cal activity intervention participants compared to health education
participants among those without diabetes (39). While higher rates
of hospitalization were associated with poorer levels of cognitive
function during follow-up, the differential intervention effects we
saw on cognition depending on diabetes status could not be attrib-
uted to differences in hospitalization rates.

Limitations

Our analyses were initiated to describe the experience of individuals
with diabetes in the trial and were not a pre-specified comparison: this
enhances the possibility of a chance finding. They were exploratory and
require confirmation. As volunteers to a randomized clinical trial, LIFE
participants may not be representative of general populations. While
other trials of lifestyle interventions have reported beneficial effects on
cognitive function within 2 years (40,41), this may be a relatively short
span of time to produce cognitive benefits. The mean effect on gait speed
that we report (0.019 m/s) is modest, however it falls within the range
reported as minimally significant in the LIFE-P trial (0.018 to 0.027
m/s) (42). Diabetes is often underdiagnosed, however excluding par-
ticipants (N = 38) identified only through testing did not alter findings.

Conclusions

Based on exploratory analysis from the LIFE trial, physical activity
interventions may benefit both gait speed and cognitive function in
older physically vulnerable and inactive individuals with diabetes,
but only gait speed among those without diabetes.

Supplementary Material

Supplementary data is available at The Journals of Gerontology,
Series A: Biomedical Sciences and Medical Sciences online.
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