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OBJECTIVE

Lifestyle intervention is recommended as first-line treatment of diabetes at all
ages; however, little is known about the efficacy of lifestyle intervention in older
adults with diabetes. We aimed to determine whether lifestyle intervention
would improve glycemic control and age-relevant outcomes in older adults with
diabetes and comorbidities.

RESEARCH DESIGN AND METHODS

A total of 100 older adults with diabetes were randomly assigned to 1-year inten-
sive lifestyle intervention (ILI) (diet and exercise at a facility transitioned into
community-fitness centers and homes) or healthy lifestyle (HL) group. The pri-
mary outcome was change in HbA1c. Secondary outcomes included glucoregula-
tion, body composition, physical function, and quality of life. Changes between
groups were analyzed with mixed-model repeated-measures ANCOVA following
the intention-to-treat principle.

RESULTS

HbA1c improved more in the ILI than the HL group (mean ± SE20.8 ± 0.1 vs. 0.1 ±
0.1%), associated with improved insulin sensitivity (1.2 ± 0.2 vs. 20.4 ± 0.2) and
disposition (26.0 ± 8.9 vs. 213.0 ± 8.4 109 min21) indices (between-group P <
0.001 to 0.04). Body weight and visceral fat decreased more in the ILI than HL
group (28.4 ± 0.6 vs. 20.3 ± 0.6 kg, P < 0.001, and 2261 ± 29 vs. 230 ± 27 cm3,
P < 0.001, respectively). Physical Performance Test score increased more in the
ILI than HL group (2.9 ± 0.6 vs. 20.1 ± 0.4, P < 0.001) as did VO2peak (2.2 ± 0.3 vs.
21.2 ± 0.2 mL/kg/min, P < 0.001). Strength, gait, and 36-Item Short Form Survey
(SF-36) Physical Component Summary score also improved more in the ILI group
(all P < 0.001). Total insulin dose decreased in the ILI group by 19.8 ± 4.4 units/
day. Adverse events included increased episodes of mild hypoglycemia in the ILI
group.

CONCLUSIONS

A lifestyle intervention strategy is highly successful in improving metabolic and
functional health of older adults with diabetes.

The highest prevalence of diabetes is among older adults (age $65 years), who
constitute a rapidly expanding segment of the U.S. population (1). This high preva-
lence of diabetes is strongly linked to increasing adiposity and physical inactivity
with aging (2) and is becoming a serious public health problem as more baby
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boomers become senior citizens. Obe-
sity exacerbates the decline in meta-
bolic and physical function that occurs
with age and causes frailty (3). How-
ever, weight loss therapy is controver-
sial for older adults because of concerns
that weight loss could exacerbate un-
derlying sarcopenia and frailty and that
attempting to change ingrained, lifelong
diet and activity habits might cause dis-
tress and anxiety (4,5). Losing weight is
difficult, and interventions that work in
younger adults cannot be assumed to
translate to older adults with diabetes
and comorbidities, low muscle mass, and
frailty (5,6). Moreover, therapeutic ap-
proaches may differ between younger
and older adults because of the increased
importance of preventing loss of lean
body mass (LBM) that occurs with weight
loss in older persons (4). Conversely, we
reported that older adults at risk for di-
abetes embraced lifestyle change and
that the combination of weight loss and
regular exercise provided the greatest
improvement in physical function (7).
Furthermore, we recently reported that
in these at-risk older adults, lifestyle in-
terventions associated with weight loss
improved insulin sensitivity and other
cardiometabolic risk factors, but contin-
ued improvement in insulin sensitivity
was only achieved when regular exercise
was added to weight loss (8). Thus, com-
bined weight loss and exercise therapy
may ameliorate the metabolic and func-
tional complications in older adults at
risk for diabetes. However, whether such
lifestyle intervention is effective in the
specific population of older adults with
diabetes and associated comorbidities
has not been established. Older adults
have typically been excluded in previous
studies (9,10), and the few studies with
enrollment of older adults with diabetes
have been limited to relatively healthy
patients with reporting of data based on
post hoc subgroup analyses of existing
data sets (11,12). Because there are es-
sentially little or no directly applicable
clinical trial data on lifestyle interven-
tions in older adults with diabetes, cur-
rent treatment recommendations have
mostly been based on expert opinion
rather than high-level evidence (13,14).

To help provide level 1 evidence that
could inform treatment recommendations
in this older population, we conducted a
randomized controlled trial (RCT) of life-
style intervention in older adults with

diabetes. We hypothesized that lifestyle
intervention would be successful in this
specific population of older adults with
diabetes and comorbidities, resulting in
improved glycemic control as accompanied
by improved insulin action and secretion,
as well as improved body composition,
physical function, and quality of life.

RESEARCH DESIGN AND METHODS

Study Design and Participants
The Lifestyle Intervention for Seniors with
Diabetes (LISD) (clinical trial reg. no.
NCT02348801, ClinicalTrials.gov) was an
RCT conducted at Baylor College of Med-
icine and Michael E. DeBakey VA Medical
Center from April 2015 to December
2020. The study was approved by the in-
stitutional review board and monitored
by a data and safety monitoring commit-
tee. All participants provided written in-
formed consent.

Volunteers were recruited through
advertisements and underwent compre-
hensive medical screening. Persons of
older age (65–85 years) and with type 2
diabetes were eligible for inclusion. Dia-
betes was determined on the basis of
self-report with verification (medical re-
cords, current treatment, confirmation
from health care provider, fasting plasma
glucose $126 mg/dL, symptoms of hy-
perglycemia with plasma glucose $200
mg/dL, 2-h plasma glucose $200 mg/dL
after a 75-g glucose load, or HbA1c $6.5%).
Additional inclusion criteria were as fol-
lows: individuals with overweight or obe-
sity (BMI $27 kg/m2), sedentary lifestyle
(regular exercise <1 h/week), and stable
body weight (±2 kg) and on stable medi-
cation use for 6 months before enroll-
ment. Individuals with cardiopulmonary
disease (e.g., recent myocardial infarction,
unstable angina), musculoskeletal/neuro-
muscular impairments that precluded ex-
ercise training, or cognitive impairments
(Mini-Mental State Examination score <24)
or HbA1c >11% were excluded.

Intervention
For this 1-year study, participants were
randomly assigned, with stratification ac-
cording to sex, into one of two groups:
1) intensive lifestyle intervention (ILI) or
2) healthy lifestyle (HL). The randomiza-
tion algorithm was generated and main-
tained by the study biostatistician (using
random number generation from SAS
software), who did not interact with the

participants. Whenever a set of 10–15
participants completed the medical screen-
ing, the research coordinator contacted
the biostatistician for randomization of each
participant.

The ILI consisted of a weight-manage-
ment program and exercise training. The
weight-management program was achieved
with group behavior therapy sessions de-
signed to have older adults acquire posi-
tive weight-control skills. The curriculum
addressed using food scales; reading nu-
trition labels; modifying meals to reduce
carbohydrate intake with emphasis on non-
starchy vegetables, fruits, whole grains, and
minimally processed foods; and using vari-
ous behavioral strategies. Participants were
prescribed a balanced diet that provided a
deficit of 500–750 kcal/day from daily en-
ergy requirement. Because of the increased
importance of minimizing weight loss–
induced reduction of LBM in older adults,
the diet contained �1 g/kg/day high-
quality protein (4). Participants met weekly
as a group with a study dietitian for die-
tary adjustments and behavioral therapy.
They were instructed to set weekly behav-
ioral goals and attend weekly weigh-in ses-
sions. Food diaries were reviewed, and
new goals were set based on diary re-
ports. Individual behavior and dietary
sessions were provided for those who
were not compliant with dietary restric-
tions as judged by inadequate weight
loss. The goal was to achieve a weight
loss of �10% of baseline body weight at
6 months and maintain that weight loss
for an additional 6 months. Visit fre-
quency was decreased to every 2 weeks
from 6 to 12 months. The exercise train-
ing involved aerobic and resistance ex-
ercises thrice weekly at our facility for
6 months. Combined aerobic and resis-
tance exercise added to weight loss has
been shown to be most effective in im-
proving functional status and preserving
LBM in older adults (15). The sessions
lasted 90 min and began with 15-min
warm-up flexibility exercises followed by
30-min aerobic exercises, 30-min resis-
tance exercises, and 15-min balance ex-
ercises. The aerobic exercise consisted of
treadmill walking, stationary cycling, and
stair climbing. Participants exercised at
�65% of their peak heart rate, which
was gradually increased to 70–85%. The
resistance exercises consisted of nine
upper-body and lower-body exercises
with use of weight-lifting machines.
The initial sessions were one to two of
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8–12 repetitions at 65% of one-repetition
maximum (1RM), which increased pro-
gressively to two to three sets at �85%
of 1RM. After 6 months of exercise train-
ing at our facility, participants transitioned
their regular exercises to community-fit-
ness centers of their choice and homes
for the remaining 6 months of the study.
The HL consisted of group educational

sessions about a healthful diet during
monthly visits. Participants in this group
were asked not to participate in external
weight loss or exercise programs.
For protection against deficiencies dur-

ing weight loss therapy of older adults,
all participants received supplements
to adjust calcium and vitamin D intake
to �1,500 mg/day and �1,000 IU/day,
respectively (4).

Outcomes
The primary outcome was the change in
HbA1c from baseline to 1 year. Secondary
outcomes were the changes in insulin
sensitivity and secretion, glucose toler-
ance variables, body weight and compo-
sition, and physical function and quality
of life.
Safety was assessed continuously

through adverse event reports, physical
examination, vital signs, and blood chem-
istries. To reduce the risk of severe hypo-
glycemia during intensive weight loss, the
study physician adjusted the dose of insu-
lin or insulin secretagogues using a pre-
specified algorithm (Supplementary Fig. 1);
otherwise, all diabetes and medical care
was conducted by the participant’s own
clinician.

Baseline Assessments

HbA1c and Frequently Sampled Oral Glucose

Tolerance Test

HbA1c was measured with Tosoh Auto-
mated Glycohemoglobin Analyzer (HLC-
723G8; Tosoh Bioscience, San Francisco,
CA). A 2-h frequently sampled oral glu-
cose tolerance test (FSOGTT) was per-
formed in the morning after a 12-h fast.
Blood samples were taken before and at
10, 20, 30, 60, 90, and 120 min after ad-
ministration of a 75-g oral glucose load.
Plasma glucose was determined with the
glucose oxidase method (YSI STAT PLUS;
YSI, Yellow Springs, OH), insulin and
C-peptide with chemiluminescent immu-
noassay (IMMULITE; Siemens, Malvern,
PA), and glucagon with radioimmunoassay

(LINCO Research, St. Louis, MO). Partici-
pants withheld their glucose-lowering med-
ications in the morning prior to the
FSOGTT and any intermediate-acting in-
sulin the night prior to the FSOGTT. In
addition, participants refrained from exer-
cise for at least 48 h before the FSOGTT.

Composite insulin sensitivity index
(SIComposite) was calculated according
to the methodology of Matsuda and
DeFronzo based on all measures of glu-
cose and insulin made during the FSOGTT
(16). HOMA of insulin resistance (HOMA-
IR) was also calculated (17). Insulin secre-
tion was estimated from glucose and
C-peptide concentrations from the FSOGTT,
using the oral minimal model of C-peptide
secretion and kinetics (18) and incorporat-
ing parameters for C-peptide kinetics and
volume of distribution (19). This model
calculates several indexes of b-cell re-
sponsivity: 1) static responsivity index
(fs [10

9 min�1]), an index of insulin se-
cretion in response to a given glucose
concentration; 2) dynamic responsivity
index (fd [109]), an index of insulin se-
cretion in response to the rate of change
in glucose concentration; and 3) overall
responsivity index (fo [109 min�1]), a
global sensitivity-to-glucose index of
postprandial insulin secretion. We calcu-
lated disposition indices (DIs) were cal-
culated by multiplying each index by
the SIComposite, in accordance with the
methodology of Bergman et al. (20), to
adjust insulin secretion for degree of in-
sulin resistance. Total areas under the
curve (AUCs) were calculated based on
the trapezoid rule.

Body Composition

We evaluated fat mass and LBM of the
whole body and visceral adipose tissue
with DEXA using Horizon APEX software
5.5.2 (Hologic) as previously described (6).

Physical Function and Quality of Life

The 9-item modified Physical Perfor-
mance Test (PPT) was used to assess
degree of physical frailty as previously
described (6,7,21). VO2peak was assessed
during graded treadmill walking with in-
direct calorimetry (TrueMax 2400; Parvo
Medics) as previously described (6). The
1-RMs (the maximal weight a person can
lift at one repetition) for lateral pull-
down, biceps curl, chest press, seated
row, leg press, knee flexion, and knee ex-
tension were summed to calculate total

1-RM strength (7). Fast gait speed was
assessed as the time needed to walk
25 feet (15). Physical activity presented
as MET h/day above rest was deter-
mined with the Stanford 7-day Physical
Activity Recall (22). Ability to perform ac-
tivities of daily living was assessed with
the Functional Status Questionnaire (FSQ)
(23). We evaluated quality of life using The
Physical Component Summary (PCS) score
of the Medical Outcomes Study 36-Item
Short Form Survey (SF-36) (modified
SF-36v1) (24).

Follow-up Assessments
All baseline assessments were repeated
at 6 months and 12 months. The person-
nel who conducted the assessments were
not aware of the group assignments.

Statistical Analysis
We estimated that a sample size of
50 participants per group, which allowed
for 20% dropout, would provide >90%
power to detect a clinically important dif-
ference between groups in the change in
HbA1c, assuming a mean between-group
difference of 0.5%, with a pooled SD of
0.5 (based on preliminary data) at an a

level of 5%.
We performed intention-to-treat ana-

lyses with SAS software, version 9.4 (SAS
Institute, Cary, NC), by analyzing data
from all participants originally randomized.
Baseline characteristics were compared
with independent t test or Fisher exact
test. Longitudinal changes between groups
were tested with mixed-model repeated-
measures ANCOVA. Change from baseline
was used as the dependent variable with
group, time, and group × time as inde-
pendent effects and baseline values and
sex as covariates. The primary focus of
the analyses was the 12-month change
from baseline in outcomes in the two
groups. When the overall P value for
the interaction between group and time
was <0.05, the specific contrasts were
used to test the null hypothesis that
changes in one group were equal to cor-
responding changes in the other group.
P values for secondary outcomes were
controlled for multiple testing with
the Benjamini-Hochberg procedure (25).
Analyses testing for within-group changes
were also performed with mixed-model
repeated-measures ANOVA. As explor-
atory analyses, changes in fat mass and
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VO2peak were included as covariates in
the ANCOVA for assessment of whether
the effects were largely driven by or in-
dependent of these changes.

Sensitivity analyses that supported the
statistical results obtained included mul-
tiple imputation for missing fitness data
(which confirmed the same pattern of
results). Additional analyses included lo-
gistic regression, verifying that data were
consistent with an assumption that data
were missing at random. Data for change
scores are presented as least squares–
adjusted means ± SE. P values <0.05
were considered to indicate statistical
significance.

RESULTS

Study Population
Of the 167 volunteers assessed for eligi-
bility, 27 were excluded because they
did not meet the inclusion criteria or
declined to participate (Fig. 1). A total

of 100 volunteers underwent randomi-
zation; 84 (84%) completed the study.
Sixteen participants discontinued the in-
tervention and were included in the
treat analyses (14 participants provided
follow-up data at 6 months and 2 at
�12 months). Baseline characteristics
are presented in Table 1. Approximately
40% of participants were of Black race.
Participants were taking different types
of diabetes medications, and almost
half were on insulin therapy. There
was a high prevalence of mild frailty
(21) associated with coexisting condi-
tions and use of chronic medications.

Median attendance was at 87% (in-
terquartile range 79–95) for diet ther-
apy sessions and 91% (81–97) for
exercise therapy sessions among partici-
pants in ILI group. Attendance was at
92% (75–100) for educational sessions
among those in HL group. Mean ± SE
baseline energy intake was 2,022 ± 88

and 2,015 ± 83 kcal/day in the ILI and
HL group, respectively. Energy intake
decreased more in the ILI group than
HL group (�575 ± 60 and �541 ± 67
vs. �83 ± 57 and �88 ± 60 kcal/day at
6 and 12 months; between-group P <
0.001).

HbA1c and Glucoregulatory Control
Mean ± SE HbA1c (primary outcome) im-
proved more in the ILI group than HL
group (�0.8 ± 0.1% [�12.2 ± 1.9 mmol/
mol] vs. 0.1 ± 0.1% [�0.8 ± 1.9 mmol/
mol], respectively) (Table 2). Accordingly,
the SIComposite increased more while the
HOMA-IR decreased more in the ILI
group than HL group (1.2 ± 0.2 vs.
�0.4 ± 0.2 and �2.5 ± 2.4 vs. 4.1 ± 1.2).
Moreover, both static DI and overall DI
increased more in the ILI group than HL
group (58.2 ± 15.2 vs. �17.2 ± 14.7 ×
109 min�1 and 26.0 ± 8.9 vs. �13.0 ± 8.4 ×
109 min�1). The fasting and 2-h glucose

7 Discontinued intervention
3 Had difficulty adhering to interven�ons
2 Had personal reasons
2 Had medical reasons

167 Assessed for eligibility 

27 Excluded
8 Did not meet inclusion criteria
19 Declined to participate

50 included in intention-to-treat analyses

50 Assigned to Healthy Lifestyle

9 Discontinued intervention
4 Lacked interest
3 Had personal reasons
2 Had medical reasons

50 Assigned to Intensive Lifestyle

50 included in intention-to-treat analyses

Allocation

Analysis

Follow-Up

100 Randomized 

Enrollment

307 Phone screened 

Figure 1—Screening, randomization, and follow-up.
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and AUCs for glucose, insulin, C-peptide,
and glucagon in the FSOGTT decreased
in the ILI group compared with HL group
(Table 2 and Supplementary Fig. 3).

Body Weight and Composition
There was a substantial mean ± SE de-
crease in body weight in the ILI group
(�8.4 ± 0.6 kg) but not HL group (�0.3 ±
0.6 kg). The time course of weight loss is
shown in Fig. 2. In accordance with the
weight loss, fat mass and visceral adipose
tissue decreased in the ILI group but did
not change in HL group (�6.6 ± 0.5 vs.
�0.4 kg and �261 ± 29 vs. �30 ± 27
cm3, respectively) (Table 2). Likewise,
LBM decreased in the ILI group but was
maintained in the HL group (�1.7 ± 0.3
vs. 0.2 ± 0.3 kg).

Physical Performance, Endurance,
Strength, Gait, and Quality of Life
Mean ± SE score on the PPT increased
in the ILI group (2.9 ± 0.4) but did not
change in the HL group (�0.1 ± 0.4)
(Table 2). VO2peak also increased in the
ILI group (2.2 ± 0.3 mL/kg/min), whereas
it decreased in the HL group (�1.2 ±
0.2 mL/kg/min). Moreover, total 1-RM
strength and gait speed increased more
in the ILI group than HL group (46 ± 4
vs. �1 ± 4 kg and 7.2 ± 1.3 vs. �3.7 ±
1.2 m/min, respectively). Physical activity
increased in the ILI group but did not
change in the HL group (2.8 ± 0.2 vs.
�0.4 ± 0.2 MET h/day). Similar between-
group differences were observed for
changes in FSQ and SF-36 PCS scores of
subjective ability to function and quality
of life.

Adverse Events
There were 30 events of hypoglycemia
in the ILI group as compared with 20
events of hypoglycemia in the HL group.
All except two were classified as level 1
hypoglycemia—sufficiently low for treat-
ment with fast-acting carbohydrate (26).
A summary of adverse events is pro-
vided in Supplementary Table 1.

Diabetes Medications
There were no significant differences
between groups in the number of par-
ticipants whose medications changed
during the study period (Supplementary
Table 2). For participants taking insulin,
mean ± SE total daily dose at baseline
was 93.8 ± 12.7 units in the ILI group

Table 1—Baseline characteristics of participants

HL (N = 50) ILI (N = 50)

Age (years) 71.4 ± 3.7 72.3 ± 4.0

BMI (kg/m2) 34.5 ± 5.4 35.7 ± 5.1

n male/n female 34/16 31/19

Race

White 27 (54) 31 (62)
Black 21 (42) 17 (34)
Other 2 (4) 2 (4)

Ethnic group

Hispanic or Latino 9 (18) 9 (18)
Not Hispanic or Latino 41 (82) 41 (82)

Education

Less than college degree 16 (32) 17 (34)
College degree 20 (40) 22 (44)
Graduate school 14 (28) 11 (22)

Marital status

Single 7 (14) 6 (12)
Married 32 (64) 31 (62)
Divorced 6 (12) 6 (12)
Widowed 5 (10) 7 (14)

Duration of diabetes (years) 13.7 ± 8.7 13.8 ± 9.0

HbA1c
% 7.3 ± 1.2 7.5 ± 1.3
mmol/mol 55.7 ± 13.4 58.2 ± 14.3

Diabetes medication use†

Oral medications
Metformin 31 (62) 35 (70)
Sulfonylureas 15 (30) 12 (24)
Other oral medications‡ 13 (26) 10 (20)

Injectable medications
Insulin 19 (38) 20 (40)
GLP-1 agonist 4 (8) 4 (8)

None 6 (12) 4 (8)

Frailty§ 39 (78) 35 (70)

Coexisting chronic conditionsjj
Hypertension 42 (84) 38 (76)
Arthritis 27 (54) 34 (68)
Coronary artery disease/heart failure 15 (30) 21 (42)
Chronic kidney disease 11 (22) 14 (28)
Osteopenia/osteoporosis 14 (28) 16 (12)
Cancer 10 (20) 9 (18)
Chronic lung disease 7 (14) 13 (26)
Thyroid disease 10 (20) 10 (20)
Stroke 3 (6) 6 (12)

Chronic medications (other than antidiabetes)†

Antihypertensive 42 (84) 38 (76)
Antilipidemic 40 (80) 42 (84)
Antidepressant 19 (38) 16 (32)
Antidyspeptic 15 (30) 16 (32)
Diuretic 11(22) 14 (28)
Thyroid hormone 10 (20) 10 (20)
Antiplatelet/anticoagulant 8 (16) 12 (24)
Bronchodilator 6 (12) 8 (16)
Other medications 29 (58) 22 (44)

Data are means ± SD or n (%) unless otherwise indicated. GLP-1, glucagon-like peptide 1.
†Participants may use more than one medication. ‡Other oral medications include dipep-
tidyl peptidase 4 inhibitors, a-glucosidase inhibitors, sodium–glucose cotransporter 2 inhibi-
tors, and thiazolidinediones. §Score of 18–31 on the modified PPT (score range 0–36) (21).
jjParticipants may have more than one coexisting chronic condition.
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Table 2—Effect of lifestyle intervention on primary and secondary outcomes

HL (N = 50) ILI (N = 50) Difference (95% CI) P†

Primary outcome
HbA1c (%)

Baseline 7.3 ± 0.2 7.5 ± 0.2
Change at 6 months �0.1 ± 0.1 �0.7 ± 0.1‡
Change at 1 year 0.1 ± 0.1 �0.8 ± 0.1‡ 0.9 (0.5, 1.2) <0.001

HbA1c (mmol/mol)
Baseline 55.7 ± 1.9 58.2 ± 0.2
Change at 6 months �2.6 ± 1.8 �9.2 ± 1.8‡
Change at 1 year �0.8 ± 1.9 �12.2 ± 1.9‡ 11.8 (5.0, 18.9) <0.001

Secondary outcomes

Insulin sensitivity and secretion
SIComposite

Baseline 2.4 ± 0.3 2.1 ± 0.3
Change at 6 months �0.0 ± 0.2 0.9 ± 0.2§
Change at 1 year �0.4 ± 0.2 1.2 ± 0.2‡ 1.6 (�2.2, �0.9) <0.001

HOMA-IR
Baseline 11.3 ± 2.3 13.4 ± 2.8
Change at 6 months 1.9 ± 1.2 �2.6 ± 1.2§
Change at 1 year 4.1 ± 1.2 �2.5 ± 1.4§ 6.8 (2.0, 11.7) 0.03

Static DI, Fs (10
9 min�1)

Baseline 91.7 ± 15.8 80.4 ± 19.8
Change at 6 months �6.9 ± 13.9 42.9 ± 13.5jj
Change at 1 year �17.2 ± 14.7 58.2 ± 15.2§ 76.5 (�127.8, �25.4) 0.02

Dynamic DI, Fd (109)
Baseline 1,595 ± 406 1,334 ± 347
Change at 6 months 286 ± 201 426 ± 192
Change at 1 year �162 ± 211 530 ± 215 757 (�1,529, 16) 0.14

Overall DI, Fo (109 min�1)
Baseline 55.6 ± 8.3 51.4 ± 10.2
Change at 6 months �4.9 ± 7.7 23.7 ± 7.9jj
Change at 1 year �13.0 ± 8.4 26.0 ± 8.9jj �39.2 (�70.2, �8.3) 0.04

Glucose tolerance variables
Fasting glucose (mmol/L)

Baseline 7.1 ± 0.3 7.6 ± 0.3
Change at 6 months 0.3 ± 0.2 �0.4 ± 0.2
Change at 1 year 0.8 ± 0.2jj �0.6 ± 0.3§ 1.7 (0.8, 2.6) 0.004

2-h glucose (mmol/L)
Baseline 14.9 ± 0.8 16.4 ± 0.7
Change at 6 months 0.2 ± 0.4 �1.7 ± 0.3‡
Change at 1 year 0.5 ± 0.4 �1.6 ± 0.2‡ 2.3 (1.0, 3.7) 0.001

Glucose AUC (mmol/L per 2 h)
Baseline 1,573 ± 65 1,644 ± 51
Change at 6 months 51 ± 43 �102 ± 42
Change at 1 year 123 ± 44 �135 ± 47jj 237 (104, 421) 0.009

Insulin AUC (×103 pmol/L per 2 h)
Baseline 64.9 ± 9.1 66.2 ± 9.5
Change at 6 months 1.3 ± 3.2 �12.2 ± 3.1§
Change at 1 year 3.8 ± 3.2 �9.8 ± 3.5jj 13.2 (1.4, 25.0) 0.04

C-peptide AUC (nmol/L per 2 h)
Baseline 340.9 ± 32.4 324.4 ± 31.8
Change at 6 months 9.6 ± 12.6 �30.5 ± 12.6
Change at 1 year 17.2 ± 17.2 �38.4 ± 13.9jj 54.0 (8.6, 99.3) 0.04

Glucagon AUC (ng/L per 2 h)
Baseline 2,429 ± 178 2,416 ± 175
Change at 6 months 60 ± 76 �225 ± 77jj
Change at 1 year 141 ± 79 �226 ± 78jj 369 (82, 656) 0.03

Body weight and composition
Weight (kg)

Baseline 100.5 ± 0.3 102.2 ± 0.2
Change at 6 months 0.9 ± 0.6 �8.0 ± 0.6‡
Change at 1 year �0.3 ± 0.6 �8.4 ± 0.6‡ 8.1 (6.1, 10.2) <0.001

Fat mass (kg)
Baseline 41.3 ± 1.6 43.8 ± 1.5
Change at 6 months �0.3 ± 0.4 �6.0 ± 0.4‡
Change at 1 year �0.4 ± 0.4 �6.6 ± 0.5‡ 6.2 (4.6, 7.8) <0.001

Continued on p. 1949

1948 Lifestyle Intervention in Seniors With Diabetes Diabetes Care Volume 45, September 2022



and 86.4 ± 12.4 units in the HL group.
Total daily insulin dose decreased in
the ILI group compared with HL group
(�19.8 ± 4.4 vs. 8.0 ± 5.8 units, re-
spectively; between-group P = 0.002).

Controlling Treatment Effects for
Changes in Fat Mass and VO2peak

Including changes in fat mass as covari-
ates in ANCOVA eliminated the between-
group differences in changes in HbA1c and
FSOGTT variables (Supplementary Table 3).
Likewise, including changes in VO2peak

as covariates eliminated the between-
group differences in changes in HbA1c and
FSOGTT variables (Supplementary Table 4).
These analyses indicate that the changes

in fat mass and/or VO2peak were involved
in these between-group differences.
The relationship of biomarkers to HbA1c
and weight outcomes is depicted in
Supplementary Fig. 2.

CONCLUSIONS

Our 1-year RCT indicated that a lifestyle
intervention program can be highly suc-
cessful in older adults with diabetes
and chronic comorbidities. In this spe-
cific population, lifestyle intervention not
only improved glycemic control associated
with improved insulin action and se-
cretion but also improved age-relevant
outcomes such as body composition,
physical function, and quality of life.

Currently, evidence-based data to guide
treatment of older adults with diabetes
are still limited. Although lifestyle interven-
tion is recommended as first-line treat-
ment of diabetes at all ages, older adults
were often excluded or underrepresented
in studies that led to this evidence (27,28).
In the few studies of lifestyle intervention,
older adults with diabetes were not specif-
ically enrolled and data reported on older
adults with or without diabetes were pri-
marily based on secondary subgroup
analyses of existing data sets (11,12).
Moreover, most prior studies were con-
ducted in healthy older adults with dia-
betes or at risk for diabetes (9,10). The
results of our RCT in older adults with

Table 2—Continued

HL (N = 50) ILI (N = 50) Difference (95% CI) P†

Visceral adipose tissue (cm3)
Baseline 1,196 ± 57 1,203 ± 50
Change at 6 months �33 ± 25 �173 ± 26‡
Change at 1 year �30 ± 27 �261 ± 29‡ 234 (131, 337) <0.001

LBM (kg)
Baseline 59.3 ± 1.5 58.5 ± 1.6
Change at 6 months 0.3 ± 0.3 �1.7 ± 0.3‡
Change at 1 year 0.2 ± 0.3 �1.7 ± 0.3‡ 1.8 (0.8, 2.9) 0.001

Physical function and quality of life
PPT score

Baseline 28.1 ± 0.7 28.9 ± 0.6
Change at 6 months 0.6 ± 0.4 2.7 ± 0.4‡
Change at 1 year �0.1 ± 0.4 2.9 ± 0.4‡ �2.9 (�4.3, �1.5) <0.001

VO2peak (mL/kg/min)
Baseline 16.5 ± 0.6 16.5 ± 0.4
Change at 6 months �0.9 ± 0.2‡ 2.2 ± 0.2‡
Change at 1 year �1.2 ± 0.2‡ 2.2 ± 0.3‡ �3.4 (�4.4, �24) <0.001

Total 1-RM strength (kg)
Baseline 303 ± 15 304 ± 14
Change at 6 months 3 ± 4 54 ± 4‡
Change at 1 year �1 ± 4 46 ± 4‡ �46 (�55, �39) <0.001

Gait speed (m/min)
Baseline 70.2 ± 2.8 76.2 ± 1.9
Change at 6 months �1.7 ± 1.2 4.9 ± 1.2‡
Change at 1 year �3.7 ± 1.2jj 7.2 ± 1.3‡ �10.1 (�14.4, �5.8) <0.001

Physical activity (MET h/day)
Baseline 9.3 ± 0.3 9.6 ± 0.3
Change at 6 months �0.3 ± 0.2 3.1 ± 0.2‡
Change at 1 year �0.4 ± 0.2 2.8 ± 0.2‡ �3.1 (�3.9, �2.4) <0.001

FSQ score
Baseline 28.4 ± 0.7 29.7 ± 0.5
Change at 6 months �0.9 ± 0.3 1.4 ± 0.3‡
Change at 1 year �1.0 ± 0.3 1.9 ± 0.3‡ �2.9 (�4.1, �1.7) <0.001

SF-36 PCS score
Baseline 43.1 ± 1.4 44.1 ± 1.3
Change at 6 months �2.0 ± 0.9 4.0 ± 0.9‡
Change at 1 year �4.9 ± 0.9‡ 4.9 ± 1.0‡ �9.6 (�12.9, �6.2) <0.001

Baseline values are observed means ± SE, and change score values are least squares–adjusted means ± SE from repeated-measures ANCOVAs.
†P values for comparison between the groups of changes from baseline to 1 year were calculated with use of mixed-model repeated-measures
ANCOVA (with baseline values and sex as covariates) and are reported where the overall P value was <0.05 for the interaction among the
groups over time. Benjamini-Hochberg correction for multiple comparisons was used to adjust the P values in the secondary outcomes. ‡P < 0.001
for comparison of the value at the follow-up time with the baseline value within the group, as calculated with use of mixed-model repeated-
measures ANOVA. §P < 0.01 for comparison of the value at the follow-up time with the baseline value within the group, as calculated with
use of mixed-model repeated-measures ANOVA. jjP < 0.05 for comparison of the value at follow-up time with the baseline value within the
group, as calculated with use of mixed-model repeated-measures ANOVA.
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diabetes and chronic comorbidities showed
that a lifestyle intervention of behavioral
diet and exercise therapy started at a fa-
cility and transitioned into community-
fitness centers and homes can be associ-
ated with sustained glucometabolic and
functional improvements. Our findings
suggest that in the specific population
of older adults with diabetes, it may not
be too late in life (mean age 72 years)
to start lifestyle intervention, which can
complement or reduce the need for
medical therapy.

Indeed, lifestyle intervention could di-
rectly counter the increasing adiposity
and physical inactivity that are primarily
responsible for the age-related increase
in insulin resistance (2). Accordingly, the
lifestyle-induced decrease in body fat
and increase in physical fitness underlie
the improvement in insulin sensitivity
that occurred in our participants (2,29).
Current evidence indicates that diabetes
in older adults is caused by insulin resis-
tance in conjunction with decreased pan-
creatic b-cell function (30). Importantly,
data from our study also demonstrated
that lifestyle intervention improved b-cell
responsivity to insulin resistance–induced
hyperglycemia. The mechanisms responsi-
ble for the improvement in b-cell function
in our participants could involve metabolic
processes that reduce b-cell glucotoxicity
and lipotoxicity in response to the lifestyle
intervention (31). Aging and obesity are
also associated with increased pancreatic

a-cell glucagon production, which can
contribute to hyperglycemia by increasing
hepatic glucose production (32). There-
fore, the lifestyle-induced reduction in
hyperglucagonemia in our participants
may have additionally contributed to the
observed improvement in glucose ho-
meostasis. In fact, controlling for changes
in fat mass and VO2peak using ANCOVA
suggested that the improvements in glu-
cometabolic control were mostly driven
by the decrease in body fat and increase
in physical fitness in our participants.

Obesity and diabetes additively pre-
dispose to frailty in older adults because
of low muscle mass relative to body
weight (relative sarcopenia) (3,6) and
accelerated age-related loss of muscle
mass that involves nutritional, inflam-
matory, and neurological pathways (33).
Therefore, there has been some con-
cern that lifestyle intervention that in-
cludes weight loss could worsen frailty
by further reducing muscle mass (5).
However, lifestyle intervention in our
participants improved physical function,
which is likely due to the larger reduc-
tion in fat mass relative to LBM (7) and
improved muscle quality via reduction
in muscle inflammation (34). We com-
bined weight loss with aerobic and
resistance training, which we have shown
to additively improve cardiovascular
fitness and muscle strength, thereby
translating into the greatest improve-
ment in physical function and quality of

life (7,15). We have also shown that this
specific lifestyle approach is the most
effective in reducing ectopic fat deposi-
tion (35). Accordingly, data from the cur-
rent study extend our findings of positive
effects of lifestyle intervention on body
composition and physical function to older
adults with diabetes. The LBM loss (mean
1.7 kg) in the ILI group is less than the
LBM loss (3.2 kg) we previously reported
in older adults randomized to weight loss
alone (without exercise) (7), suggesting
that exercise (particularly resistance train-
ing) with adequate protein intake attenu-
ated the weight loss–induced reduction of
LBM in our current participants. More-
over, this modest LBM loss is likely out-
weighed by the improved muscle quality
and physical function that occurred in re-
sponse to ILI. Our results are in line with
those of a recent RCT that showed that
a multimodal intervention program im-
proved functional performance in older
adults with diabetes and frailty (36).
However, that trial differed from our
current RCT in that the nutritional in-
tervention did not involve weight loss
for obesity and the exercise interven-
tion was limited to 12 weeks of resis-
tance training at lower intensity.

An adverse effect of our lifestyle in-
tervention was increase in hypoglycemic
episodes in those on insulin or insulin
secretagogues. However, nearly all epi-
sodes were mild (level 1) (26), promptly
corrected with ingestion of easily absorb-
able carbohydrate. Nevertheless, this
points to the importance of regular self-
monitoring of blood glucose and periodic
review of blood glucose records to assess
the need for medication adjustments dur-
ing intensive lifestyle change. Accordingly,
total insulin requirements were reduced
in those on insulin in the intervention
group from concomitant improvement
in glycemic control. Our participants had
several age-related comorbidities, but they
were cognitively intact and remained
functionally independent with improved
health status after lifestyle intervention.
Therefore, the mean reduction of �1%
in HbA1c in our participants may be con-
sistent with a reasonable HbA1c goal of
<7.0–7.5%, recommended for those with
relatively preserved life expectancy and
better health status (14).

Strengths of our study include the RCT
design, the unique lifestyle intervention
strategy of behavioral diet and exercise
started at a facility and transitioned into

Figure 2—Mean percentage changes in body weight during the interventions. I bars indicate SEs.

1950 Lifestyle Intervention in Seniors With Diabetes Diabetes Care Volume 45, September 2022



community-fitness centers and homes,
the high rate of adherence to the life-
style intervention, and the comprehen-
sive appraisals of glucose homeostasis
and age-relevant outcomes (e.g., body
composition, physical function, quality of
life) that enabled the evaluation of treat-
ment effects on overall health. Findings
from our study may have practical impli-
cations because Medicare currently cov-
ers behavioral therapy for weight loss
(37) and a growing number of Medicare
plans now offer health club member-
ships (38). Our lifestyle intervention
program has the key characteristics of
medical nutrition therapy (MNT) that are
covered by Medicare Part B: intensive,
focused, and comprehensive nutrition
therapy provided by a nutritional pro-
fessional, in-depth individualized nu-
trition assessment, setting of personal
goals and care plans, and emphasis on
follow-up counseling to provide rein-
forcement in changing behavior (37,39).
However, we also adapted our MNT to
the special challenges of lifestyle interven-
tion in older adults with diabetes. These
included ensuring adequate protein intake
to minimize weight loss induced reduc-
tion of LBM that could lead to sarcopenia,
emphasis on group behavioral ther-
apy to provide social support and en-
hance adherence in older adults, and
use of multicomponent exercise to opti-
mally improve physical function, an im-
portant age-related outcome (4). In the
clinical setting, our MNT for older adults
may be covered by Medicare through re-
ferral from the treating physician (37).
Participation of older adults in fitness cen-
ters may also be covered by Medicare
through Medicare plans, such as Medi-
care Part C (Medicare Advantage) or
Medicare Supplement Insurance (Medigap).
An example of a successful fitness program
covered by Medicare Part C is Silver-
Sneakers (40). We enrolled older adults
with diabetes typically associated with co-
morbidities and functional impairments,
though all were still living independently
in the community. A limitation of our
study is that in accordance with the ex-
clusion criteria, the participants were
physically able to participate in a life-
style program and thus may not be fully
representative of the general popula-
tion of older adults with diabetes. Our
participants had a higher educational
level, which may have contributed to at-
taining intervention goals more easily.

Despite our recruitment efforts, there was
a lower proportion of Hispanics (18%)
compared with that in the greater
Houston area (37%). Although Medicare
coverage underscores the potential for
translation, we did not test implementa-
tion and associated challenges. Our study
was limited to 1 year’s duration, so addi-
tional studies are needed to determine
longer-term adherence and whether the
beneficial effects of lifestyle intervention
therapy can reduce diabetes complica-
tions and associated medical costs or
prevent the institutionalization of older
adults with diabetes.

In conclusion, our RCT provides evi-
dence that a lifestyle intervention strategy
may be effective in improving glycemic
control and functional status in older
adults with diabetes. Therefore, lifestyle
intervention may have an important role
in this older population in complementing
medical therapy of diabetes and improv-
ing quality of life.
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