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Background: Although weight loss and exercise ameliorates frailty and improves cardiac risk fac-
tors in obese older adults, the long-term effect of lifestyle intervention on bone metabolism and
mass is unknown.

Objective: The objective was to evaluate the effects of diet-induced weight loss in conjunction with
exercise on bone metabolism and mass in obese older adults.

Design and Setting: We conducted a one-year randomized, controlled clinical trial in a university-
based research center.

Participants: Twenty-seven frail, obese (body mass index � 39 � 5 kg/m2), older (age 70 � 5 yr)
adults participated in the study.

Intervention: Participants were randomly assigned to diet and exercise (treatment group; n � 17)
or no therapy (control group; n � 10).

Outcome Measures: Body weight decreased in the treatment group but not in the control group
(�10 � 2 vs. �1 � 1%, P � 0.001). Compared with the control group, the treatment group had
greater changes in bone mass, bone markers, and hormones, including 1) bone mineral density
(BMD) in total hip (0.1 � 2.1 vs. �2.4 � 2.5%), trochanter (0.2 � 3.3 vs. �3.3 � 3.1%), and inter-
trochanter (0.3 � 2.7 vs. �2.7 � .3.0%); 2) C-terminal telopeptide (12 � 35 vs. 101 � 79%) and
osteocalcin (�5 � 15 vs. 66 � 61%); and 3) leptin (2 � 12 vs. �30 � 25%) and estradiol (0.1 � 14%
vs. �14 � 21%) (all P � 0.05). Changes in weight (r � 0.55), bone markers (r � �0.54), and leptin
(r � 0.61) correlated with changes in hip BMD (all P � 0.05).

Conclusion: Weight loss, even when combined with exercise, decreases hip BMD in obese older
adults. It is not known whether the beneficial effects of weight loss and exercise on physical
function lower the overall risk of falls and fractures, despite the decline in hip BMD. (J Clin Endo-
crinol Metab 93: 2181–2187, 2008)

Obesity exacerbates the age-related decline in physical func-
tion in older adults, which causes frailty, impairs quality

of life, and increases nursing home admissions (1–3). Therefore,
obesity in the elderly population has considerable public health
implications in the United States, because both the number of
older adults and the prevalence of obesity among older adults are
increasing (4).

We have recently demonstrated that lifestyle intervention
ameliorates frailty (5) and improves metabolic coronary heart
disease risk factors in obese older adults (6). In contrast, data
from prospective interventional studies suggest that diet-induced
weight loss could have deleterious effects in older adults by caus-
ing bone loss (7–12). Adding exercise training (ET) to a dietary
weight loss program might be particularly important in older
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adults because ET is used to prevent and treat osteoporosis (13)
and reduces the risk of injurious falls (14, 15). However, the
long-term effects of weight loss and ET on bone mass and bone
metabolism in obese older persons have not been studied.

The purpose of the present study was to conduct a random-
ized controlled trial to determine the effects of a diet-induced
weight loss program conducted in conjunction with ET on bone
metabolism and mass in obese older adults. We hypothesized
that a strength and endurance ET program would not be ade-
quate to prevent increased bone turnover and bone loss induced
by dietary weight loss.

Subjects and Methods

Subjects
This study was conducted at Washington University School of Med-

icine and was approved by the Institutional Review Board. Written in-
formed consent was obtained from each participant. Volunteers were
recruited by using local advertisements.

All potential subjects completed a comprehensive screening proce-
dure, which included a medical history, physical examination, standard
blood and urine chemistries, and a treadmill exercise stress test. To be
eligible for this study, volunteers had to meet the following criteria: 1)
older age (�65 yr), 2) obese [body mass index (BMI) � 30 kg/m2], 3)
sedentary (did not participate in regular exercise more than twice a
week), 4) stable body weight (�2 kg) over the past year, and 5) treatment
with medications was unchanged for at least 6 months before enrollment.
Moreover, all subjects had to have mild to moderate frailty, based on
meeting at least two of the three following criteria (1, 5): 1) physical
performance test score of 18–32, 2) peak O2 consumption of 11–18
ml/kg�min, and 3) difficulty or need for assistance in two instrumental
activities of daily living or one basic activity of daily living. Subjects who
had severe cardiopulmonary disease, neuromuscular impairments that
preclude ET, visual, hearing, or cognitive impairments, history of ma-
lignant neoplasm, and treatment with bone-acting drugs (e.g. bisphos-
phonates, glucocorticoids, sex-steroid compounds) during the previous
year were excluded from participation. The effects of diet and exercise on
physical function and cardiac risk factors in these subjects were reported
previously (5, 6).

Design
Eligible volunteers were randomized to receive either 52 wk of diet

and exercise therapy (treatment group) or no treatment (control group),
in an approximately 1.5:1 sequence, by using a computer-generated
block random permutation procedure stratified for sex.
Treatment group intervention. The treatment group intervention in-
volved a combination of an energy-deficit diet, behavior therapy, and a
multicomponent exercise therapy. Subjects met weekly as a group with
a study dietitian, who was experienced in group behavioral therapy.
Standard behavioral techniques were used to change eating habits (16).
Participants were prescribed a balanced diet to provide an energy deficit
of 500–750 kcal/d, which contained about 30% of energy as fat, 50%
as carbohydrate, and 20% as protein. In addition, subjects were given a
daily multivitamin supplement and were counseled to consume adequate
dietary calcium and vitamin D (1200–1500 mg Ca/d and 1000 IU vita-
min D/d) (17). Total calorie intake was adjusted to prevent more than a
1.5% loss of body weight per week. The goal was to achieve a 10%
weight loss at 6 months, followed by weight maintenance for an addi-
tional 6 months.

The exercise program focused on improving endurance, strength, and
balance. ET sessions were conducted as a group on three nonconsecutive
days each week at our exercise facility. Each session lasted about 90 min:
15 min of flexibility exercises, 30 min of endurance exercise, 30 min of

strength training, and 15 min of balance exercises. Endurance exercises
included walking on a treadmill, step-ups, stair climbing, stationary cy-
cling, and Stairmaster exercise. Subjects exercised at moderate intensity
(�75% of peak heart rate), and the intensity of exercise was gradually
increased over several weeks to between 80 and 90% of peak heart rate.
Resistance exercises were performed by using weight-lifting machines
and free weights. One-repetition maximums (1-RMs), which is the max-
imal amount of weight subjects lifted one time, were used to adjust
resistance exercises. Weight-lifting sessions consisted of one to two sets
performed at a resistance of about 65% of 1-RM, which allowed the
completion of eight to 12 repetitions. The volume of exercise was grad-
ually increased to two to three sets at a resistance of about 80% of 1-RM,
which allowed the completion of six to eight repetitions. These sessions
were supervised by a physical therapist.
Control group intervention. Participants randomized to the control
group were instructed to maintain their usual diet and activities during
the study period and were asked not to participate in any weight-loss or
exercise programs.

Outcome assessments

Body weight and bone mass
Body weight was measured at baseline, 6 months, and 12 months in

the morning after subjects had fasted for 12 h. Bone mineral density
(BMD) and bone mineral content (BMC) of the lumbar spine, proximal
femur, and total body were measured at baseline, 6 months, and 12
months by using dual-energy x-ray absorptiometry (Delphi 4500-W;
Hologic Corp., Waltham, MA). BMD and BMC of the lumbar spine were
calculated as the mean of vertebrae L1–L4. The coefficient of variation
(CV) for this technique at our center is 1.1% for the lumbar spine and
1.2% for the proximal femur (18).

Serum markers of bone metabolism
Venous blood samples were obtained in the morning after subjects

fasted for at least 12 h at baseline, 6 months, and 12 months. ELISA kits
were used to measure C-terminal telopeptide of type I collagen (CTX)
(Crosslaps; Nordic Bioscience Diagnostics, Herlev, Denmark; CV,
2.1%) as a marker of bone resorption and osteocalcin (Metra OC; Quidel
Corp., San Diego, CA; CV, 4.4%) and bone-specific alkaline phospha-
tase (Metra BAP; Quidel; CV, 4.9%) as markers of bone formation. RIA
kits were used to measure serum estradiol (Ultra-sensitive estradiol DSL-
4800; Diagnostic Systems Laboratories Inc., Webster, TX), leptin (Lep-
tin HL-81K; Linco Research Inc., St. Charles, MO), IGF-I (Diagnostic
Products Group, Los Angeles, CA), cortisol (Diagnostic Systems Labo-
ratories), 25-hydroxyvitamin D [25(OH)D] (DiaSorin, Stillwater, MN),
and 1,25-dihydroxyvitamin D [1,25(OH)2D] (DiaSorin) concentrations.
Serum PTH concentration was measured by using chemiluminescence
immunoassay (ADVIA Centaur intact PTH). The CV for these hormone
measurements were less than 10%. Blood tests at 6 and 12 months were
obtained about 40 h after the last bout of exercise.

Statistical analysis
The primary outcome in this study was changes in total hip BMD. It

was estimated that 10 control and 15 treatment subjects would be needed
to detect a clinically meaningful 2.5 � 3.3% greater decrease in total hip
BMD in the treatment compared with control groups, with a power of
0.9 and an �-level of 0.05. Secondary outcomes included changes in
bone-related hormones. When follow-up data were not available, the last
observation was carried forward. Differences in baseline characteristics
between groups were evaluated by using independent t tests (continuous
variables) and �2 tests (categorical variables). Repeated-measures
ANOVA was used to compare treatment effects, with a group factor
(treatment) and a trial factor (time). Baseline values and sex were in-
cluded as covariates in the ANOVA. When a significant treatment-by-
time interaction was detected, changes from baseline to 6 months and
from baseline to 12 months were evaluated by the ANOVA model using
linear contrasts, controlling for baseline values and sex. Pearson’s cor-
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relations were performed to assess associations between changes in se-
lected variables. A P value of �0.05 was considered statistically signif-
icant. Results are reported as mean � SD, except in the figures, which
report data as mean � SE.

Results

Of 40 obese older volunteers who were screened, 27 were
eligible and were randomized to the treatment group (n � 17) or
control group (n � 10). Twenty-four participants successfully
completed the study; two participants in the treatment group
dropped out because of difficulty with compliance, and one par-
ticipant in the control group dropped out because of relocation
to another state.

Baseline characteristics, including age, sex, BMI, physical
function, BMD, BMC, and T-scores, in treatment and control
groups were similar (Table 1). Based on T-scores, no subject had
osteoporosis; 40% had osteopenia. All participants had above
average Z-scores (�0), which were not statistically different be-
tween groups: lumbar spine (2.1 � 1.8 vs. 2.2 � 1.2) and total
hip (0.9 � 0.8 vs. 1.3 � 1.1) in treatment and control groups,
respectively. Baseline serum markers of bone turnover and hor-
mones did not differ between groups (Tables 1 and 2).

Mean attendance at the weekly group behavioral and nutri-
tion education sessions was 81.1 � 12.7%. Mean attendance at
the exercise sessions was 83 � 8.7%, performed at a frequency
of 2.5 � 0.3 d/wk. At 12 months, the treatment group lost 10.1 �

2.0% body weight, whereas weight did not change significantly

(�1.2 � 1.3%) in the control group (Fig. 1). Relative improve-
ments in strength, assessed by 1-RM, were detected for both
upper body (bench curl, 50 � 55%; bench press, 33 � 48%;
seated row, 20 � 20%) and lower body (knee flexion, 32 � 32%;
knee extension, 63 � 56%; leg press, 55 � 40%) muscle groups
(all P � 0.05).

Decreases in BMD were greater in the treatment than control
group at total hip (�2.4 � 2.5 vs. 0.1 � 2.1%; P � 0.02),
trochanter (�3.3 � 3.1 vs. 0.2 � 3.3%; P � 0.04), and inter-
trochanter (�2.7 � 3.0 vs. 0.3 � 2.7%; P � 0.02) sites (Fig. 2).
The treatment group also had greater decreases in BMC than the
control group at total hip (�2.4 � 4.7 vs. 0.9 � 2.0%; P � 0.02),
trochanter (�4.1 � 7.0 vs. 1.4 � 6.1%; P � 0.048), and inter-
trochanter (�2.4�5.7 vs. 0.6�2.0%; P�0.04). No differences
between groups were detected in changes in spine BMD (0.9 �

3.1 vs. 1.3 � 5.8%), spine BMC (2.1 � 6.1 vs. 2.1 � 4.9%), and
whole-body BMD (�0.9 � 1.7 vs. 0.3 � 2.1%) and BMC
(�1.4 � 2.5 vs. �1.7 � 2.4%) (all P � 0.05). Final T-scores were
0.4 � 1.0, �0.5 � 0.8, and �0.9 � 0.9 in the treatment group
and 0.6 � 1.7, 0.1 � 1.1, and �0.8 � 0.7 in the control group
at spine, total hip, and femoral neck, respectively.

At 6 months, serum CTX (101 � 79 vs. 12 � 35%; P � 0.02)
and serum osteocalcin (66 � 61 vs. �5 � 15%; P � 0.02) con-
centrations increased in the treatment group but not in the con-
trol group (Fig. 3). At 12 months, changes in serum CTX (86 �

91 vs. 5 � 44%; P � 0.12) and osteocalcin (47 � 65 vs. 3 � 37%;
P � 0.08) tended to be greater in the treatment group than in the
control group, but the differences were no longer statistically

TABLE 1. Baseline characteristics

Variable
Control group

(n � 10)
Treatment group

(n � 17) P value

Age (yr) 71.1 � 5.1 69.4 � 4.6 0.37
Female sex �n (%)	 6 (60) 12 (71) 0.57
Weight (kg) 103.2 � 19.8 99.7 � 13.6 0.60
BMI (kg/m2) 39.0 � 5.0 38.5 � 5.3 0.81
BMD (g/cm2)

Lumbar spine 1.127 � 0.132 1.107 � 0.127 0.70
Total hip 0.993 � 0.141 0.947 � 0.115 0.37
Femoral neck 0.804 � 0.104 0.810 � 0.120 0.88
Trochanter 0.747 � 0.152 0.716 � 0.107 0.54
Intertrochanter 1.189 � 0.137 1.129 � 0.129 0.27
Whole body 1.197 � 0.138 1.151 � 0.127 0.39

BMC (g)
Lumbar spine 67.7 � 17.1 65.5 � 11.6 0.70
Total hip 38.1 � 11.1 35.3 � 9.6 0.50
Femoral neck 4.3 � 0.9 4.1 � 0.7 0.60
Trochanter 8.9 � 2.5 8.8 � 2.6 0.90
Intertrochanter 24.8 � 7.8 22.4 � 7.0 0.39
Whole body 2606 � 669 2423 � 474 0.42

T-score
Lumbar spine 0.4 � 1.2 0.3 � 1.0 0.69
Total hip 0.1 � 0.9 �0.2 � 0.7 0.42
Femoral neck �0.8 � 0.7 �0.7 � 0.9 0.77

Bone turnover markers
Osteocalcin (ng/ml) 8.3 � 2.6 6.3 � 2.9 0.08
BAP (U/liter) 25.7 � 25.7 24.9 � 3.7 0.72
CTX (ng/ml) 0.353 � 0.090 0.282 � 0.098 0.08

Values are means � SD. BAP, Bone alkaline phosphatase; CTX, C-terminal telopeptide. To convert osteocalcin and CTX to nanomoles per liter, multiply by 0.17 and 7.8,
respectively.
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significant. However, both serum CTX and osteocalcin were
greater at 12 months compared with baseline values in the treat-
ment group (within-group P � 0.05). There were no significant
changes in serum bone alkaline phosphatase concentrations.

Serum 25(OH)D (24 � 30 vs. 15 � 56%; P � 0.02) concen-
trations increased at 6 months, whereas serum leptin (�30 � 25
vs. 2 � 12%; P � 0.001) and estradiol (�14 � 21 vs. 0.1 � 14%;
P � 0.04) decreased at 6 and 12 months in the treatment com-

pared with the control group (Table 2). There were no significant
changes in serum 1,25-dihydroxyvitamin D, PTH, IGF-I, or cor-
tisol concentrations.

Changes in body weight correlated directly with changes in
FIG. 1. Changes in body weight in the treatment (E) and control (F)
groups.

TABLE 2. Serum concentrations of bone-related hormones

Control
group

Treatment
group

25(OH)D (ng/ml)
Baseline 17.2 � 8.8 20.2 � 7.7
6 months 17.2 � 6.6 24.0 � 8.9b,d

1 yr 20.4 � 11.0 25.8 � 8.0b

1,25(OH)2D (pg/ml)
Baseline 38.7 � 20.3 32.8 � 16.6
6 months 32.4 � 19.2 27.6 � 14.8
1yr 31.3 � 19.7 26.6 � 11.5

PTH (pg/ml)
Baseline 41.4 � 21.3 48.8 � 25.2
6 months 49.4 � 23.7 63.3 � 22.6
1 yr 55.7 � 19.2 62.7 � 28.2

Leptin (U/liter)
Baseline 33.2 � 12.9 33.5 � 11.3
6 months 33.4 � 12.7 27.2 � 14.2b,d

1 yr 34.3 � 16.7 24.7 � 12.7a,e

Estradiol (pg/ml)
Baseline 20.3 � 4.4 25.4 � 9.8
6 months 19.2 � 2.8 20.8 � 6.1b,d

1 yr 19.9 � 2.3 20.6 � 5.3c,d

IGF-I (ng/ml)
Baseline 156.0 � 40.4 154.2 � 85.7
6 months 159.8 � 35.7 156.0 � 76.0
1 yr 148.8 � 36.5 156.5 � 85.7

Cortisol (� g/dl)
Baseline 9.4 � 3.3 11.5 � 2.7
6 months 10.4 � 4.6 11.2 � 3.7
1 yr 9.4 � 3.5 10.7 � 3.1

Values are mean � SD. To convert 25(OH)D to nanomoles per liter, 1,25(OH)2D to
nanomoles per liter, estradiol to picomoles per liter, and cortisol to nanomoles
per liter, multiply by 27.6, 2.5, 2.6, 3.7, and 27.6, respectively.
a–c Value significantly different from baseline value: a P � 0.001; b P � 0.01;
c P � 0.05.
d,e Value significantly different from control group value: d P � 0.05; e P � 0.01.

FIG. 2. Changes from baseline in total hip BMD (A), femoral neck BMD
(B), trochanter BMD (C), and intertrochanter BMD (D) in obese older
adults randomized to treatment group (E) or control group (F). Values
are mean � SE. Value significantly different from baseline value: **, P �
0.01; *, P � 0.05. Value significantly different from control value: ‡, P �
0.01; †, P � 0.05.
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BMD at the total hip (r � 0.55; P � 0.004), trochanter (r � 0.40;
P � 0.05) and intertrochanter (r � 0.45; P � 0.02) sites.

Several markers associated with bone metabolism also cor-
related with changes in BMD: 1) changes in serum CTX con-
centrations correlated negatively with changes in total hip BMD
(r � �0.54; P � 0.007), trochanter BMD (r � �0.56; P �

0.006), and intertrochanter BMD (�0.40; P � 0.04); 2) changes
in osteocalcin concentration correlated negatively with the
changes in trochanter BMD (r � �0.50; P � 0.01), and
3) changes in leptin concentration were directly correlated with
changes in BMD at the total hip (r � 0.61; P � 0.001), trochanter
(r � 0.56; P � 0.004), and intertrochanter (r � 0.56; P � 0.003)

sites. Changes in other serum hormone concentrations that were
affected by weight loss, such as estradiol and 25(OH)D, did not
correlate with changes in BMD (all P � 0.05).

Discussion

Obesity in older adults exacerbates the age-related decline in
physical function (1, 2, 19, 20), which can lead to a loss of in-
dependence and admission to a chronic care facility (3). Al-
though a reduction in body weight can improve physical function
in obese older adults (5, 21), weight loss is also associated with
bone loss and decreased BMD (7–12), which could increase frac-
ture risk. Therefore, we conducted a 1-yr randomized controlled
trial in obese older adults to evaluate whether ET, which is often
recommended to prevent or treat osteoporosis, can be used to
prevent loss of bone that occurs with diet-induced weight loss.
The results of the present study demonstrate that treatment with
an energy-deficit diet, increased bone turnover, and decreased
hip bone mass in obese older adults, despite concomitant regular
ET. These findings have important implications for weight-loss
therapy in obese older adults and underscore the need to monitor
BMD and to consider adjunctive therapeutic interventions to
reduce the risk of bone loss in this patient population.

The decrease in hip BMD observed in our study subjects was
directly correlated with their decrease in body weight. Data from
previous weight-loss studies that were conducted in young and
middle-aged adults also found that bone loss was proportional to
the amount of weight loss (7–12). The 2–3% decrease in hip
BMD in our obese older adults is within the range reported in
other studies of obese subjects who lost a similar amount
(�10%) of body weight (7–12). Therefore, the effect of weight
loss on BMD in older adults is probably similar to that in younger
adults. The clinical significance of the decrease in hip BMD in-
duced by weight loss in obese older adults is not clear. All our
subjects had high baseline BMD Z-scores, and none had evidence
of osteoporosis after weight loss. In addition, the increased frac-
ture risk caused by decreases in hip BMD and the protective
cushioning of body fat might be offset by improved physical
function and balance (15), which can decrease the risk of falls
and bone injury. Moreover, BMD decreased in the hip but not in
the spine, suggesting that our exercise intervention was more
effective in preventing bone loss in the spine, which is a load-
bearing region rich in trabecular bone (22).

The marked increase in serum CTX (�100-fold) and osteo-
calcin (�60-fold) concentrations in response to weight loss in
our participants indicate that bone resorption and formation,
respectively, were stimulated. Moreover, the increases in both
CTX and osteocalcin concentrations correlated with decreases in
hip BMD, suggesting that weight-loss-induced bone loss is due to
increased bone turnover, with greater stimulation of bone re-
sorption than bone formation. These results support data from
previous studies conducted in younger obese adults, which found
weight loss was associated with a disproportionate increase in
bone resorption (12, 23). Although physical activity itself can
stimulate bone turnover, it is unlikely that exercise training con-

FIG. 3. Changes from baseline in serum markers of bone turnover: CTX
(A), osteocalcin (B), and bone alkaline phosphatase (C) in obese older
adults randomized to treatment group (E) or control group (F). Values
are mean � SE. Value significantly different from baseline value: *, P �
0.05. Value significantly different from control value: †, P � 0.05.
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tributed to bone turnover in our subjects, because samples were
collected �40 h after the last bout of exercise (24).

The precise mechanisms responsible for weight-loss-induced
bone loss are not known. One hypothesis is that weight loss
decreases the mechanical stress on the weight-bearing skeleton
(11, 25) mediated by changes in local bone factors (e.g. prosta-
glandins) and by changes in the mechanostat (26) that result in
a decrease in bone mass. Accordingly, obesity, which increases
weight-bearing stress on the skeleton, is associated with high
bone mass (27), and exercise-induced mechanical strain on the
skeleton is osteogenic and helps maintain BMD (13). Therefore,
we included exercises that stimulated major muscles attached to
bone to our weight-loss program in an attempt to prevent bone
loss. However, our ET did not prevent a decrease in BMD or
BMC in our study subjects. Our ET program was specifically
designed to improve physical function and ameliorate frailty in
obese older adults (1, 5) and therefore not necessarily the most
bone-loading exercises (13). Although our results are consistent
with previous studies showing that increased physical activity
does not prevent weight-loss-induced bone loss (10, 28), one
study showed that a weight-bearing endurance exercise was able
to maintain hip BMD (29).

Alterations in bone-acting hormones has also been proposed
as a mechanism for the weight-loss-induced decrease in bone,
particularly bone loss in non-weight-bearing sites (30, 31). Lep-
tin, which is produced by adipose tissue, has important effects on
bone metabolism (32). Leptin has a direct positive effect on os-
teoblastic differentiation (33) and inhibits the expression of re-
ceptor activator of nuclear factor-�B ligand levels (34). Serum
leptin concentration correlates directly with bone mass (35) and
percent body fat and BMI (36) and decreases with weight loss
(12). In our subjects, weight loss was associated with a 25%
reduction in serum leptin concentrations. Moreover, the de-
crease in leptin was strongly correlated with a decrease in hip
BMD. A decrease in estrogen production also has been suggested
to mediate weight-loss-induced bone loss (30). Although weight
loss caused a decrease in serum estradiol concentrations in our
study subjects, we did not detect a correlation between changes
in serum estradiol and changes in BMD. Other bone-active hor-
mones, such as IGF-I and cortisol, which are anabolic and cat-
abolic to bone, respectively, are affected by weight loss. Data
from studies conducted in obese young adults have found that
serum IGF-I concentrations decrease (37), whereas serum cor-
tisol concentrations increase, with weight loss (23). In contrast,
we did not detect any changes in these hormone concentrations
in our subjects, suggesting that growth factors and endogenous
steroids were not involved in mediating the weight-loss-induced
decrease in bone mass observed in our obese older adults. Weight
loss can also increase serum PTH concentrations (38), which
stimulates bone resorption, but we did not detect significant
changes in PTH concentrations in either of our study groups.
Serum 25(OH)D levels increased in the treatment group, pre-
sumably because subjects were instructed to take a daily multi-
vitamin that contained vitamin D. However, serum 25(OH)D
concentrations did not reach the optimal range, raising the pos-
sibility that greater vitamin D supplementation could reduce
bone loss.

To our knowledge, this is the first study to determine the effect
of a 1-yr weight loss and ET program on bone mass in obese older
adults within a randomized, controlled trial. Because an impor-
tant goal of weight-loss therapy in obese older adults is to im-
prove physical function (19), we added a multicomponent ET
program to improve balance, endurance, and strength, in con-
junction with a low-calorie weight-loss diet. The adherence by
our participants to the intervention program (�80% attendance
at behavior education and supervised exercise sessions) was as
good or better than that observed in previous studies conducted
in young and middle-aged adults (39). This compliance was re-
sponsible for the successful weight management experienced by
our subjects (�10% at 6 months, which was maintained for
another 6 months) and contradicts the notion that older adults
will be unlikely to lose weight because of the difficulty in chang-
ing longstanding lifestyle behaviors (40).

Our study also has several limitations. First, we did not mea-
sure bone quality (e.g. bone architecture and geometry), which is
an additional determinant of bone fracture (41). Even though ET
did not maintain BMD, it is possible that ET had a beneficial
effect on bone quality (42). Second, the small number of subjects
and short duration of this study precluded an assessment of the
intervention on falls and fracture. It is possible that the aggregate
beneficial effects of weight loss and ET on muscle strength, bal-
ance, and potentially bone quality could lower the risk of falls
and fractures, despite the decline in BMD (14). Third, we pro-
vided a multivitamin supplement as part of a standard regimen
for weight-loss therapy and counseled participants about ade-
quate Ca and vitamin D in their diet but were unable to monitor
the dietary intake of calcium and vitamin D in our participants.
Fourth, we could not examine sex differences in BMD because of
the small sample size but controlled for the effect of sex by in-
cluding it as a covariate in the repeated-measures ANOVA. Fi-
nally, changes in BMD after weight loss could have been exag-
gerated because of technical limitations of dual-energy x-ray
absorptiometry (43). However, the decrease in BMD observed in
our subjects was corroborated by similar decreases in BMC and
correlation with changes in markers of bone turnover.

In conclusion, the results of the present study demonstrate
that diet-induced weight loss in frail, obese older adults increases
bone turnover and causes a decline in hip BMD, despite partic-
ipation in a concomitant exercise program. However, it is not
known whether the beneficial effects of weight loss and ET on
muscle strength, balance, and physical function lower the overall
risk of falls and fractures, despite the decline in BMD. Further
studies are needed to determine the clinical significance of such
bone loss and whether additional therapeutic interventions can
prevent the weight-loss-induced decline in hip BMD.
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