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Abstract
Intentional weight loss is an important component of treatment for overweight patients with type 2
diabetes, but the effects on bone density are not known. We used data from the Look AHEAD trial
to determine the impact of an intensive lifestyle weight loss intervention (ILI) compared to
diabetes support and education (DSE) on changes in bone mineral density (BMD) over 12 months.
Overweight and obese adults with type 2 diabetes were randomly assigned to ILI or DSE. In a
sub-study of BMD conducted at 5 of 16 clinical centers, hip, spine and whole body dual x-ray
absorptiometry scans were obtained at baseline and one year later on 642 of 739 ILI and 632 of
740 DSE participants. At baseline, mean age was 58.4 years, and average body mass index was
35.2 kg/m2. Total hip BMD T-score was <−2.5 in 1% and <−1.0 in 8%. At one year, weight loss
was greater in ILI than DSE (−8.6% versus −0.7%), and glycemic control and fitness were also
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improved. Bone loss over one year was greater in ILI at the total hip (−1.4% versus −0.4%;
p<0.001) and femoral neck (−1.5% versus −0.8%; p=0.009), but change in BMD for the lumbar
spine and whole body did not differ between groups. In ILI, bone loss at the total hip was
independently associated with weight loss in men and women and with poorer glycemic control in
men, but was not associated with changes in fitness. One year of an intensive lifestyle intervention
in adults with type 2 diabetes, resulting in weight loss, was associated with a modest increase in
hip bone loss despite improved fitness and glycemic control.
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INTRODUCTION
Intentional weight loss in older adults without diabetes is associated with bone loss (1).
However, there are no clinical trials assessing the effects of weight loss on bone loss in type
2 diabetes, and little has been published from observational data. Weight loss is a primary
treatment strategy for type 2 diabetes, but this is also a population at higher risk of fracture
(2). Although weight loss is associated with bone loss in other populations, weight loss in
those with type 2 diabetes results in improved glycemic control, a change that may be
beneficial for bone (3). Exercise may be effective as a means to prevent bone loss during
weight loss, but only one study has examined this relationship in those with type 2 diabetes
(4).

Look AHEAD is an ongoing trial assessing the long-term effects of intentional weight loss
on cardiovascular disease in overweight and obese adults with type 2 diabetes. We examined
the effect of the intensive lifestyle intervention in Look AHEAD, resulting in weight loss, on
bone mineral density (BMD) during the first year of the trial. We also assessed the
independent contributions of changes in weight, physical fitness and glycemic control to
changes in BMD.

MATERIALS AND METHODS
Look AHEAD is a multi-center, randomized, clinical trial of the effects of an Intensive
Lifestyle Intervention (ILI), aimed at loss of ≥7% of body weight, compared to a control
condition of Diabetes Support and Education (DSE), in overweight and obese adults with
type 2 diabetes (5). The ILI is designed to achieve weight loss in the first year and then
maintain weight through decreased caloric intake and increased physical activity. The
primary endpoint is the occurrence of major cardiovascular events.

A total of 5,145 participants were randomized into Look AHEAD at 16 U.S. clinical centers.
As described previously (6,7), participation was open to persons with type 2 diabetes, 45 to
76 years old, with body mass index (BMI) ≥25 kg/m2 (or ≥27 kg/m2 if taking insulin).
Applicants completed a maximal graded exercise test (GXT) (5,6), to ensure that they could
safely adhere to the physical activity program in the ILI (8). At baseline and year 1 (Y1)
clinic visits, weight and height were measured with a digital scale and a standard wall-
mounted stadiometer. Participants brought all prescription medicines to the clinic for a
medication inventory. Questionnaires were used to collect demographic characteristics,
smoking history, and alcohol use. Calcium intake in the diet, but not supplement use, was
assessed in a subset of participants using a 130-item food questionnaire. A submaximal
GXT was administered at Y1. Change in fitness during the first year was the difference in
estimated METS for the point during each test when >80% of age-predicted maximal heart
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rate was attained or, for those using a beta-blocker, when the participant achieved 16 on the
rating of perceived exercise scale (9). HbA1c was measured at the Northwest Lipid
Research Laboratories, University of Washington, using a dedicated ion-exchange high-
performance liquid chromatography instrument (Biorad Variant II) (7).

Interventions
Eligible participants were randomized to the ILI or DSE. The DSE group received
information on healthy eating and physical activity but did not receive the comprehensive
components of the weight loss intervention or the specific strategies for weight loss provided
in the ILI group. A full description of the ILI and DSE during the first year of Look AHEAD
has been published (8). For all participants, general medical and diabetes care continued to
be delivered by the participant’s personal physician.

Dual energy x-ray absorptiometry (DXA) sub-study
In a sub-study, hip, spine and whole body DXA scans were obtained at baseline and Y1 at
five clinical centers (Baton Rouge, Boston- Massachusetts General Hospital, Houston, Los
Angeles, Seattle). Sites were selected based on availability of DXA scanners and interest of
the local investigators. The recruitment goal was 1,260 participants, the minimum needed
for 90% power to detect a difference of 0.5% in BMD change over one year between
treatment groups. Of 1,479 enrolled participants, 68 were ineligible because their weight
exceeded the DXA scanner limit (>300 lbs), 137 did not have scans at both visits, and 1,274
are included in these analyses (Figure). Mean baseline age, BMI, HbA1c, and insulin use of
these included participants were not statistically different from the 137 participants without
scans at both visits. All DXA sites used Hologic fan beam densitometers, and any software
upgrades during the study were approved by a DXA quality assurance center (San Francisco
Coordinating Center, University of California San Francisco). Longitudinal performance
was monitored with regular scanning of a spine and a whole body phantom on each
densitometer. The coefficient of variation for spine and whole body phantom BMD ranged
from 0.36%–0.39% and 1.6%–2.4%, respectively, at the five sites. Longitudinal corrections
were applied to spine and hip BMD results at the Los Angeles site and to whole body BMD
at the Houston site. Soft tissue results were corrected to account for under-estimation of fat
mass (10). The quality of participant scans was centrally monitored. T-scores were
calculated using NHANES III as the reference for total hip and the manufacturer’s database
for spine, with gender-specific references. If BMD loss was >10% for lumbar spine or total
hip, the participant and primary care provider were notified.

Statistical analysis
For baseline characteristics, statistical tests for continuous variables were from linear models
including gender, clinic, and randomization assignment. For categorical variables, the p-
values were obtained from generalized linear models with a multinomial response
probability distribution.

Changes in BMD, both absolute values and percent change, were compared across ILI and
DSE groups. Analyses are also presented stratified by gender because of gender differences
in BMD and bone loss. Differences by randomization assignment were tested with linear
models adjusted for clinic, gender, baseline variables (Table 1) that differed across
randomization assignment (p <0.10), and the baseline value of the outcome change variable.
Adjusted means and standard errors are reported. The results were similar for absolute and
percent change, and only the percent change is reported here.

Within the ILI group, adjusted linear regression models were used to identify associations
between change in hip BMD over one year and changes in other factors. Parameter estimates
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(Beta coefficients) were reported. The change in absolute value of BMD, not percent
change, was used in these models. Analyses were carried out using SAS v 9.2 (Cary, NC).

RESULTS
Baseline characteristics

In this subgroup of Look AHEAD participants, average age was 58.4 years. Average BMI
was 35.2 kg/m2, and 83% were obese, similar to the total Look AHEAD population (7). The
proportion with osteoporosis, based on T-score, was low. Spine BMD, weight, lean mass,
metformin use, menopausal status and HbA1c, but not other baseline characteristics,
differed at baseline in the ILI and DSE groups (Table 1).

Changes over 12 months
During the first year, ILI participants lost more weight than the DSE group (p<0.001) (Table
2). The ILI group lost an average of 10.0 kg (men) and 8.3 kg (women), compared with 0.5
kg (men) and 0.8 kg (women) in the DSE group. The ILI group also experienced improved
glycemic control (p<0.001) and fitness (p<0.001), compared with the DSE group.

The average time between the baseline and Y1 DXA scans was 395 (SD 43) days, and did
not differ between groups. Bone loss was greater in the ILI group compared with the DSE
group for the total hip (−1.45% versus −0.39; p<0.001) and femoral neck (−1.50 versus
−0.85%; p=0.009) (Table 2). Changes in spine BMD (p=0.61) and whole body BMD
(p=0.06) did not differ by intervention group. At the total hip, the difference in bone loss
between intervention groups was greater for men (−1.48% vs. 0.02%) than for women
(−1.44% vs. −0.61%) (p for interaction = 0.04). There was no evidence of interaction at the
other BMD sites.

Differences in bone loss between the ILI and DSE groups were similar in models excluding
participants with thiazolidinedione (TZD) use at baseline (data not shown). During the first
year of the trial, the proportion of participants using a TZD increased in the DSE group,
19.8% at baseline to 23.7% at Y1, and decreased in the ILI group, 18.4% to 15.9%. The
proportion with osteoporosis increased in the ILI group and was stable in the DSE group,
but remained small. At 12 months, 2.0% of the ILI group was osteoporotic based on total hip
BMD, compared with 1% at baseline.

Factors affecting bone loss in the Intensive Lifestyle Intervention group
To assess the independent contributions of intentional weight loss, glycemic control and
physical fitness, we analyzed the results for the ILI group separately. In unadjusted models,
total hip bone loss increased with each increasing quartile of weight loss (data not shown).
In linear regression analyses adjusted for age, gender, race and clinical site, weight loss
correlated with total hip bone loss in the ILI group. Each additional kg of weight loss was
associated with a decrease in total hip BMD of 0.0018 g/cm2. However, there were no
statistically significant correlations between bone loss and weight loss for femoral neck
BMD. In models additionally adjusted for HbA1c change, physical fitness change, baseline
use of diabetes medications (separate adjustment for TZDs, insulin, metformin and
sulfonlyureas), current or past smoking, and alcohol use, weight loss continued to be
associated with bone loss at the total hip in men and women (Table 3). In men, but not
women, a decrease in HbA1c was associated with an increase in total hip BMD, but was not
associated with femoral neck BMD changes. Improved physical fitness, as determined by a
graded exercise test, was not associated with bone changes for men or women. When weight
change was separated into changes in fat mass and lean mass as measured by DXA, losses in
both compartments were associated with total hip, but not femoral neck, bone loss for men
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and women in the ILI group. Results were similar when those reporting TZD use at baseline
were excluded (data not shown).

DISCUSSION
We found that one year of intentional weight loss in overweight and obese adults with type 2
diabetes resulted in greater bone loss at the total hip and femoral neck, but not at the spine or
whole body. To our knowledge, this is the first trial to assess the effects of an intentional
weight loss intervention on bone in adults with type 2 diabetes.

Studies in broader populations have reported bone loss at the total hip, spine and whole body
with weight loss (11,12). In obese patients undergoing bariatric surgery, bone loss appears to
occur in proportion to the degree of weight loss (13). Bone loss with weight loss is likely
due to less skeletal loading and reduced anabolic signals from muscle and fat mass (14–16).
In observational studies, lower weight and intentional weight loss increase fracture risk
(17,18). This relationship between lower weight and fracture is strong for BMI<25, but is
weaker with higher BMI (17). In a small trial of a lifestyle intervention in obese older adults
without diabetes, the intervention group had increased bone loss at the hip but not the spine
or whole body, similar to our findings (19). Spine BMD changes are difficult to assess in
older adults because of osteophytes and other degenerative changes. Whole body BMD has
a higher proportion of cortical bone than hip BMD and may not be as sensitive to changes in
weight.

A limitation of this study is the use of DXA to assess BMD changes in the setting of weight
change, particularly in obese participants. With obesity, the reproducibility of BMD is
reduced which is likely to attenuate any real associations between changes in weight and
BMD (20). Changes in fat mass can affect the ability of DXA to identify bone edges and to
accurately allow for the composition of soft tissue overlying bone, possibly introducing
artificial changes in BMD (21). In a recent study using a Hologic densitometer, fat mass
added to volunteers reduced the measured mean spine BMD but did not alter the results for
mean hip BMD (22). In addition, with substantial weight loss, smaller hip circumference
reduces the height of the bone above the densitometer table which may introduce fan beam
magnification effects (23). The net effect of changes in fat mass on bone measurements vary
with skeletal site and scanner model. However, in our analyses considering decreases in fat
mass and in lean mass separately, we found that both were associated with total hip bone
loss, suggesting that the observed association between weight loss and bone loss in this trial
is not simply an artifact of changes in fat mass.

The ILI group experienced greater weight loss as well as improved physical fitness and
glycemic control compared with the DSE group. Look AHEAD was not designed to identify
whether these changes had separate effects on outcomes. However, it is plausible that weight
loss results in bone loss while improved glycemic control and physical fitness have a
positive effect on BMD. When we sought evidence for independent effects by considering
the intervention group separately, we found that weight loss was associated with total hip
bone loss in the intervention group even after adjustment for changes in HbA1c and physical
fitness. TZD use, associated with bone loss and fracture in other studies (24), was greater in
the DSE group during the first year and thus does not account for the differences in hip bone
loss.

Improved HbA1c was associated with preservation of total hip BMD in men but not women.
The relationship between glycemic control and changes in BMD has not been clearly
established. In an uncontrolled trial, Gregorio et al. reported increased femoral neck bone
mineral content in 50 type 2 diabetic adults with poor glycemic control after a year of
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treatment that improved control (3). However, the investigators did not report on changes in
weight. In Look AHEAD, most participants had good glycemic control at study entry (mean
A1C ~ 7.2%) which may have limited any potential skeletal benefits of improved control.

Our analyses in the intervention group suggest that improved physical fitness during weight
loss did not preserve bone. Physical activity was only measured on a subset of Look
AHEAD participants using the Paffenbarger scale, but changes in physical activity over the
first year of the trial correlated positively (R = 0.25, p<0.0001) with changes in physical
fitness (9). Results from studies of the effects of exercise during weight loss on bone loss
have been conflicting (25–27). One study in older type 2 diabetic adults reported that high-
intensity resistance training reduced the effects of weight loss on total body BMD (4). The
exercise intervention in Look AHEAD was not as intensive and did not emphasize resistance
training which may account for the different findings.

Bone loss with intentional weight loss is primarily a concern because of the strong
relationship between low BMD and fracture risk. However, the additional bone loss
experienced in the ILI group averaged a modest 1%. Thus, the initial year of weight loss in
Look AHEAD may not result in a clinically important increase in fracture risk, especially as
subsequent years will focus on weight maintenance rather than additional weight loss. On
the other hand, effects of weight loss on bone density might be greater in subsequent years
as any skeletal remodeling response may lag behind the weight loss stimulus. This report is
limited to one year of follow-up. For comparison, in a U.S. cohort of older women, an
annual loss of 0.9% total hip BMD over 8 years, a cumulative loss of about 7%, was
associated with a relative risk of subsequent hip fracture of 1.29 (28). Fracture events are not
currently available for Look AHEAD, but are being collected and will be assessed at the end
of the trial.

This study is the first to address the effects of a weight loss intervention on bone in a
diabetic population. A strength of this study is the randomization of participants to the
weight loss intervention. Thus, weight loss in the ILI group was generally intentional and
not due to illness or frailty. A limitation of this study is the use of DXA in the setting of
weight change. In addition, data were not collected on calcium or vitamin D supplement use.
It is possible that the two groups used different amounts of these supplements. Another
limitation is the lack of bone turnover markers to assess effects on bone resorption. These
results may not apply to patients weighing more than 300 lbs, the weight limit for DXA
measurements, or to patients with poor glycemic control.

In conclusion, one year of an intensive lifestyle intervention in overweight and obese men
and women with type 2 diabetes that resulted in weight loss, improved glycemic control and
enhanced physical fitness, also resulted in a modest increased bone loss at the hip. The
extent to which this additional bone loss may increase fracture risk is not known. Further
research, including fracture outcomes in Look AHEAD, is needed to elucidate the effects of
intentional weight loss on fracture risk in older adults with type 2 diabetes.
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Figure.
Flowchart for Look AHEAD DXA sub-study participants
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Table 2

Change from Baseline to Year 1 by Randomized Groupa

Adjusted Mean (SE) Changeb
Treatment P valuec

Diabetes Support and Education Intensive Lifestyle Intervention

ALL

Total hip BMD (%) −0.39 (0.12) −1.45 (0.12) <.001

Femoral neck BMD (%) −0.85 (0.19) −1.50 (0.18) 0.009

Lumbar spine BMD (%) −0.08 (0.14) 0.01 (0.14) 0.61

Whole body BMD (%) −0.16 (0.12) 0.13 (0.12) 0.06

Weight (kg) −0.87 (0.24) −9.06 (0.24) <.001

HbA1c (%) −0.11 (0.04) −0.69 (0.04) <.001

Graded exercise test (MET) 0.19 (0.06) 1.17 (0.06) <.001

MEN

Total hip BMD (%) 0.02 (0.15) −1.48 (0.16) <.001

Femoral neck BMD (%) −0.50 (0.23) −1.18 (0.24) 0.04

Lumbar spine BMD (%) 0.57 (0.22) 0.80 (0.22) 0.45

Whole body BMD (%) 0.27 (0.17) 0.39 (0.18) 0.63

Weight (kg) −0.49 (0.39) −10.01 (0.40) <.001

HbA1c (%) −0.12 (0.06) −0.69 (0.06) <.001

Graded exercise test (MET) 0.23 (0.10) 1.27 (0.10) <.001

WOMEN

Total hip BMD (%) −0.61 (0.17) −1.44 (0.16) <.001

Femoral neck BMD (%) −1.13 (0.26) −1.74 (0.25) 0.07

Lumbar spine BMD (%) −0.56 (0.18) −0.52 (0.18) 0.86

Whole body BMD (%) −0.52 (0.15) −0.15 (0.15) 0.07

Weight (kg) −0.84 (0.28) −8.27 (0.27) <.001

HbA1c (%) −0.08 (0.05) −0.65 (0.05) <.001

Graded exercise test (MET) 0.12 (0.07) 1.09 (0.06) <.001

a
Adjusted for clinical site, gender, baseline value of outcome, and baseline values of spine BMD, lean body mass, metformin use, HbA1c and, for

women, menopausal status.

b
SE = standard error

c
P value for comparison between treatment groups
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Table 3

Associations with One-Year Change in Hip BMD in the Intensive Lifestyle Intervention Group

1-year Change in Hip BMD (mg/cm2)

Total Hip Femoral Neck

Beta P value Beta P value

ALLa

Weight change (per kg) 1.77 <.001 0.11 0.69

HbA1c change (per %) −1.58 0.21 1.78 0.29

Graded exercise test change (per MET) −1.24 0.20 −0.12 0.93

MENa

Weight change (per kg) 1.65 <.001 0.02 0.95

HbA1c change (per %) −5.89 <.001 0.88 0.65

Graded exercise test change (per MET) −1.77 0.17 −1.26 0.37

WOMENa

Weight change (per kg) 1.96 <.001 0.04 0.93

HbA1c change (per %) 1.29 0.46 1.87 0.46

Graded exercise test change (per MET) −0.47 0.74 1.11 0.58

ALLb

Lean soft-tissue mass change (per kg) 1.99 <.001 0.34 0.68

Fat mass change (per kg) 1.81 <.001 0.20 0.65

HbA1c change (per %) −1.44 0.26 1.74 0.31

Graded exercise test change (per MET) −1.04 0.28 0.00 0.10

MENb

Lean soft-tissue mass change (per kg) 2.41 0.002 0.46 0.59

Fat mass change (per kg) 1.29 0.005 −0.17 0.75

HbA1c change (per %) −5.00 0.005 1.20 0.54

Graded exercise test change (per MET) −1.94 0.12 −1.25 0.38

WOMENb

Lean soft-tissue mass change (per kg) 2.06 0.02 0.23 0.85

Fat mass change (per kg) 2.15 <.001 0.26 0.69

HbA1c change (per %) 1.28 0.46 1.80 0.48

Graded exercise test change (per MET) −0.11 0.94 1.19 0.56

a
Model includes change in weight, HbA1c and graded exercise test, and baseline values for age, gender, race, clinic site, baseline use of insulin,

metformin, sulfonylureas, TZDs, smoking, and alcohol use, and for women menopausal status and hormone therapy use.

b
Model includes change in lean soft tissue mass, fat mass, HbA1c and graded exercise test, and baseline values for age, gender, race, clinic site,

baseline use of insulin, metformin, sulfonylureas, TZDs, smoking and alcohol use, and for women menopausal status and hormone therapy use.
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