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Premenopausal overweight women do not lose bone during
moderate weight loss with adequate or higher calcium
intakel,2,3
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Stahl, M Paul Field, Robert M Sherrell, and Sue A Shapses

Abstract

Background—Weight loss is associated with bone loss, but this has not been examined in
overweight premenopausal women.

Objective—The aim of this study was to assess whether overweight premenopausal women lose
bone with moderate weight loss at recommended or higher than recommended calcium intakes.

Design—Overweight premenopausal women [n = 44; - (+SD) age: 38 + 6.4 y; body mass index
(BMI): 27.7 + 2.1 kg/m?] were randomly assigned to either a normal (1 g/d) or high (1.8 g/d)
calcium intake during 6 mo of energy restriction [weight loss (WL) groups] or were recruited for
weight maintenance at 1 g Ca/d intake. Regional bone mineral density and content were measured
by dual-energy X-ray absorptiometry, and markers of bone turnover were measured before and
after weight loss. True fractional calcium absorption (TFCA) was measured at baseline and during
caloric restriction by using a dual-stable calcium isotope method.

Results—The WL groups lost 7.2+3.3% of initial body weight. No significant decrease in BMD
or rise in bone turnover was observed with weight loss at normal or high calcium intake. The
group that consumed high calcium showed a strong relation (r = 0.71) between increased femoral
neck bone mineral density and increased serum 25-hydroxyvitamin D. No significant effect of
weight loss on TFCA was observed, and the total calcium absorbed was adequate at 238+81 and
310+91 mg/d for the normal- and high-calcium WL groups, respectively.

Conclusion—Overweight premenopausal women do not lose bone during weight loss at the
recommended calcium intake, which may be explained by sufficient amounts of absorbed calcium.
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INTRODUCTION

There are a limited number of weight loss studies in premenopausal women showing either
bone loss (1-4) or no change (5). A history of weight loss in premenopausal years has been
associated with an increase in hip fracture risk later in life (6). In addition, a weight loss of
5-10% in postmenopausal women is associated with a decrease in bone mass of *1-4% (7-
12) and an increase in bone resorption (7, 13). Further evidence from observational studies
shows that a decrease in body weight in overweight [body mass index (BMI; in kg/m?2) of 25
to 29.9] compared with obese (BMI = 30 to 40) older women results in greater bone loss
(14). Compared with obese persons, overweight persons may be more susceptible to bone
loss due to reduced weight bearing (9, 15, 16), diminished extraovarial estrogen synthesis
due to smaller fat depots (17, 18), and reduced calcium intake due to lower energy
requirements, especially during dieting (1, 5, 19). To our knowledge, there have been no
controlled weight loss trials examining overweight premenopausal women to determine
bone loss, nor has the influence of recommended or high calcium intake been addressed. In
addition, whether caloric restriction compromises calcium absorption in premenopausal
women, as has been observed in older women (20), was an important goal in the present
study. Our aims were to examine bone turnover and mass in overweight premenopausal
women with weight reduction at recommended or high calcium intakes and to determine the
role of calcium absorption and hormonal regulators.

SUBJECTS AND METHODS

Subjects

Sixty weight-stable (>3 mo), healthy, overweight, premenopausal women were recruited to
participate in a weight loss (WL) or weight maintenance (WM) intervention, beginning
either in the spring or fall. Advertisement for recruitment was done in local newspapers and
radio stations every 6 mo between the years 2002 and 2004. Exclusion criteria included
irregular menstrual cycle, pregnancy or nursing a child within the past year, taking oral
contraceptives or other medications known to influence bone metabolism, evidence of
metabolic bone disease or other diseases such as thyroid disorders, immune disease, heart
attack or stroke in the past 6 mo, kidney stones, diabetes, and active cancers or cancer
therapy within the past 12 mo. Before the beginning of the study, the participants had to be
weight stable for =3 mo. The participants were instructed to maintain their weight until the
beginning of the study and not to change physical activity levels. The study was approved
by the Rutgers University Institutional Review Board, and all study participants signed an
informed consent form before entering the study.

Study design

The participants were asked to maintain their body weight and stop taking any dietary
supplements for =4 wk before the beginning of the WL or WM intervention. During this
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stabilization period, the participants were given a standard daily multivitamin and mineral
(MVi) supplement (Sentury-Vite Pharmavite Corp, Mission Hills, CA), containing 200 mg
Ca and 400 IU vitamin D. After this 1-mo stabilization, baseline measurements were taken.
Thereafter, women adhered to 6 mo of weight loss or maintenance followed by 1 additional
month of weight stabilization, at which time bone density measurements were taken. Hence,
with a month of stabilization before and after weight loss, the total time commitment was 8
mo. To avoid the negative influence of a low calcium diet on bone mass during dieting, all
women in the present study were supplemented with calcium, at either high (1.8 g/d) or the
recommended (1 g/d) levels. The group with recommended or adequate calcium intake (1
g/d) was labeled “normal” because it matched their usual intake and this label of “normal” is
consistent with our previous publications (12, 20). The participants recruited for the WL
group were randomly assigned in a double-blind manner to 1 of 2 interventions receiving
calcium supplements: 1) 1000 mg Ca [high calcium (HiCa); WL HiCa group] or 2) 200 mg
Ca [normal calcium (NLCa); WL NLCa]. The supplement was given as calcium citrate (200
mg Ca/tablet) and placebo tablets (gift from Mission Pharmacal, San Antonio, TX). Women
recruited for the WM group were assigned to 200 mg supplemental Ca intake (WM NLCa).
Each participant ingested 5 tablets/d (5 calcium tablets for the HiCa groups or 1 calcium and
4 placebo tablets for the NLCa groups). Pills were packaged in individual bags containing
all 5 pills for a day. The participants were instructed to take 2 pills in the morning and 3 pills
at night until completion of the study. The participants were counseled to consume 600 mg
dietary Ca/d, and, if supplement compliance was 100%, total calcium intake (calcium
supplement+MVi+dietary calcium intake) would be equivalent to 1800 mg/d and 1000 mg/d
in the HiCa and NLCa groups, respectively. Compliance was assessed by monthly pill
count, whereas dietary calcium intake was estimated from food records. A registered
dietitian provided weekly weight loss counseling to the WL groups. Moderate energy
restriction of 1200-1500 kcal/d with the use of American Diabetic Association exchange list
and behavior modification was used to achieve weight loss or maintenance during the 6-mo
study period. Weight was measured weekly for the first 2 mo and every other week
thereafter. Women who did not lose enough weight (>1.5 kg) after 7 wk of counseling were
excluded from the WL group. Women on weight maintenance were counseled to maintain
weight and were weighed at monthly meetings. All groups were counseled to keep weekly
3-d food records to enhance weight loss counseling and assess dietary compliance.
Measurements of bone density and hormones were taken before caloric restriction and after
6 mo of weight loss. In a subset of the participants, a calcium absorption test was performed
and hormones were measured before and ~6 wk after caloric restriction at the same time of
their menstrual cycle and at a time when we anticipated greatest adherence to caloric
restriction. In addition, serial measurements of bone turnover markers at baseline and during
the intervention (weeks 1, 2, 4, 6, 10, 16, and 25) were collected.

Laboratory methods

Weight and height (measured with a balance beam scale and stadiometer, respectively;
Detecto, Webb City, MO) were measured to the nearest 0.25 kg and cm, respectively. Dual-
energy X-ray absorptiometry (DXA) (Lunar Prodigy Advanced; GE-Lunar, Madison, WI;
CV: < 1% for all sites) scans were performed by using enCORE 2004 software (version
8.10.027; GE-Lunar) before and 6 mo after caloric restriction or weight maintenance. Bone
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mineral content (BMC) and bone mineral density (BMD) at the femoral neck (FN),
trochanter, total hip, ultradistal radius, 33% radius, lumbar spine (LS), and total body, as
well as total body fat and lean mass, were determined.

Bone turnover markers were assessed in fasting urine and serum samples. Pyridinoline (CV:
<8%) and deoxypyridinoline (CV: <10%) were measured in urine by reverse-phase HPLC
and fluorescence detection (21) and normalized for creatinine excretion. Urinary calcium
and creatinine were measured (no. 587 for calcium and no. 555 for creatinine; Sigma, St
Louis, MO; CVs: <3.2% and < 11%, respecively) in 24-h urine samples. Serum osteocalcin
was measured by radioimmunoassay (RIA) (BTI, Stoughton, MA; CV: <9%). Serum N-
telopeptide of type I collagen (SNTx) was measured by enzyme-linked immunosorbent assay
(Osteomark; OSTEX International Inc, Seattle, WA; CV: <4.6%). Serum 25-
hydroxyvitamin D [25(0OH)D] was measured by 122 RIA (DiaSorin, Stillwater, MI; CV:
<12.5%). Estradiol, estrone, and cortisol were also measured by 1251 RIA (DSL, Webster,
TX; CV: <9.4%). Intact parathyroid hormone (PTH) was determined by immunoradiometric
assay (DSL; CV: <5.2%). In addition, 1,25-dihydroxyvitamin D [1,25(0OH),D] was
measured by 1251 RIA after preliminary extraction procedure and subsequent purification by
using C1g0OH “Extra Clean” cartridges (DiaSorin, Stillwater, MI; CV: <11.3%) on the day of
the calcium absorption test.

Dual-stable isotope methods were used to determine true fractional calcium absorption
(TFCA) at both baseline and ~1 mo later. On the day of the calcium absorption test, the
women were admitted at 0700 after an overnight fast. After blood collection (10 mL),
participants were asked to void and then served a standard breakfast (170 mg Ca) to be
consumed in its entirety. This meal contained 43Ca that had been mixed in one-half cup milk
(150 mg Ca) and allowed to equilibrate for =212 h (overnight) before the test. Immediately
after breakfast, 42Ca was injected intravenously over ~3 min. Complete urine collection was
monitored in each participant for the following 24 h, and the ratio of each isotope to #4Ca
was determined in oxalate-precipitated aliquots of the pooled 24-h urine by using high-
resolution inductively coupled plasma—mass spectrometry (ICP-MS) to calculate TFCA, as
described previously (20, 22). The ICP-MS instrument precision and accuracy for this
method is <£1% and the day-to-day CV is 1.2%.

Dietary intakes were estimated by analyzing food records (3-d averages) at baseline and
during the study period. Diets were analyzed by using NUTRITIONIST PRO (version
1.3.36; First DataBank Inc, San Bruno, CA).

Statistical analysis

Inclusion criteria for the WL groups (and exclusion criteria for the WM groups) were weight
loss >1.5% and 2.5% of initial body weight after 6 wk and 6 mo, respectively. In
comparisons of small and unequal samples, nonparametric tests may be more powerful in
detecting population differences when the normality assumption is not satisfied. Therefore,
we used nonparametric tests (Wilcoxon's Mann-Whitney U test) for comparisons of bone
mass and calcium absorption variables between the 3 intervention groups. Analysis of
covariance (ANCOVA) was used to control for baseline differences. Additionally, a separate
intention-to-treat (ITT) analysis (n = 58) with and without the use of success or failure of
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group assignment as a covariate (ANCOVA), as well as a completers analysis (n = 49), was
performed for changes in bone mass. Subsequent post-hoc analysis with Tukey's test was
performed when Kruskal-Wallis test results were P < 0.05. Repeated-measures analysis of
variance (ANOVA) was used to assess changes in pyridinoline and deoxypyridinoline cross-
links, osteocalcin, and PTH between the groups over time. Pearson's product-moment
correlations were used to examine the relation between percentage changes in weight and
bone mass and markers of bone turnover and hormones. To predict how weight loss
influences bone mass and calcium absorption, simple linear regressions were performed.
Stepwise multiple regression was performed on bone mass measurements that changed
significantly or as a trend from baseline to final measurement, with percentage change in
BMD and BMC as the dependent variables; independent variables included percentage
change in weight, PTH, 25(0OH)D, estradiol, and cortisol, as well as bone area for evaluating
BMC changes. Stepwise regression was also performed by regressing calcium absorption
(TFCA) on the independent variables PTH, 1,25(0OH),D, 25(0OH)D, and estradiol. Analyses
were performed with SAS software (version 9.1.3; SAS Institute Inc, Cary, NC). P values <
0.05 were considered statistically significant. Data are presented as means + SDs, unless
otherwise noted.

Study participants

For the present study, 288 participants were screened, resulting in 58 women who were
randomly assigned to either HiCa or NLCa intake (Figure 1). Nine women dropped out
during the study because of personal reasons (n = 7) or pregnancy (n = 2). Four women
assigned to the WL HiCa group who did not lose weight after the first 2 mo were excluded
from the study. One woman was excluded from analysis due to disclosure of an eating
disorder. Forty-four women completed the study. The women assigned to the WM group
had to remain within 2.5% of their baseline body weight throughout the study period. Seven
women originally assigned to the WL NLCa group who didn't lose >2.5% body weight
within the first 2 mo met the criteria for the WM group and were allowed to continue in the
study in this group assignment. This design, in addition to ITT and completers analysis, was
important because we were interested in determining how weight loss affects bone, rather
than who was successful at weight loss. These participants were analyzed as part of the WM
group, and no baseline values were significantly different between the groups in the ITT
analysis. In total, 31 women successfully completed the 6-mo weight loss program (24
white, 5 African American, 1 Hispanic, and 1 Asian), and 13 women (11 white, 1 African
American, and 1 Asian) maintained their body weight. True FCA measurements were
performed in 43 women at baseline and after 6 wk of caloric restriction. Nine samples were
invalid due to use of different lots of stable isotopes at baseline and final measurements that
were not compatible, and therefore TFCA analysis is reported in 34 women.

Baseline characteristics

The baseline characteristics of women (age: 38.0 + 6.4 y, range 24-49 y; BMI 27.7 £ 2.1)
included in the analysis are presented in Table 1 and Table 2. Significant differences (P <
0.05) in lumbar spine BMD and BMC and FN BMC were observed between the groups at
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baseline (Table 1). Due to a stabilization period to adjust to intakes of 1.0 g Ca/d and 1.8 g
Ca/d before the beginning of weight loss, we observed significant (P < 0.02) differences in
TFCA and estimated amounts of calcium absorbed between groups at baseline (Table 2). No
other baseline characteristics differed significantly among the entire study group or the
subset who participated in calcium absorption measurements. Participants were recruited
every 6 mo, which resulted in different baseline variables depending on whether participants
were recruited in the early fall or late winter months. Women who started weight loss in the
early fall (n = 25) had significantly lower (P < 0.03) deoxypyridinoline concentrations (7.5 £
2.2 nmol/mmol) than did the women who started in the late winter (n=19; 9.4 + 2.7 nmol/
mmol). During dieting, the only variable that was significantly affected by the season of
recruitment was serum 25(OH)D (P < 0.001). Values of 25(OH)D were 73.4 + 22.2 nmol/L
for groups beginning in late winter and increased by 19.8 + 18.2% (P < 0.001) over 6 mo
compared with 82.1 + 20.5 nmol/L for groups beginning in the fall that showed a change of
1.1 +17.9%.

Weight and body-composition changes

Bone

Baseline body weight and changes after 6 mo are presented in Table 1. Women in the WL
groups lost 7.2 + 3.3% body weight (5.5 + 3.2 kg) after 6 mo. No significant difference in
weight loss was observed between those consuming high calcium (5.9 + 3.0 kg) and those
consuming normal calcium (=4.7 + 1.8 kg) at 6 mo, but there was an interaction effect of
calcium and time on weight loss (P < 0.01) such that the high calcium group lost more
weight over the measured intervals. Women in the WM group maintained weight (0.1 +
1.7 kg) during the study period. As expected, weight loss was largely due to a decrease in
body fat mass (-14.3 + 8.7%; P < 0.0001) and a small decrease in lean body mass (-3.3 +
3.7%; P < 0.001).

Changes in BMD and BMC are shown in Table 1. Significant differences (P < 0.05) in
BMD changes at the 33% radius and total body were observed between the groups, and a
trend toward a difference was observed at the FN and ultradistal radius (Table 1).
Furthermore, BMC changes differed (P < 0.02) between all groups at the trochanter and
one-third radius.

Women who had lost weight and consumed high calcium increased BMD (P < 0.05) at the
one-third radius and total body compared with baseline (Table 1). In addition, the FN BMD
increased in the high-calcium group (P < 0.05) compared with baseline (not shown),
although the overall P value was a trend. The WM group showed no significant changes in
BMD, but increased trochanter BMC after 6 mo.

ITT and completers analysis, which included women who did not lose weight in the WL
groups, showed that the WL groups differed from the WM group (P < 0.05) for changes in
total hip BMD and BMC and total body BMD (data not shown).
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Nutrient intake

Nutrient intakes are shown in Table 3. Dietary intake of calcium during the study period was
730 + 268 mg/d and supplement compliance was 93 + 12%. Total calcium intake during the
study period was ~1.1 and 1.8 g/d in the NL and HiCa groups, respectively. No significant
differences in other nutrient intakes were observed between the groups at baseline.
Compared with prestabilization calcium intake, there was a 125 + 90% increase in calcium
intake (P < 0.001) in the HiCa group (Table 3). This increase in calcium intake in the HiCa
group was significantly greater (P < 0.0001) than the NLCa groups that showed no
significant change during stabilization. The WL groups showed reduced (P < 0.05) intake of
calories and fat compared with baseline.

Hormones, bone turnover, calcium absorption, and urinary excretion

Changes in calcium absorption, hormones, and bone turnover are shown in Table 2. Serum
25(0OH)D concentrations increased due to weight loss compared with baseline after 6 wk (P
< 0.05), and these changes tended to differ from the WM group (P < 0.06). In contrast, none
of the groups showed a significant change in serum 25(OH)D concentrations after 6 mo
(Table 2). No significant differences in any hormonal responses were observed between the
groups throughout the study period. Serial measures of osteocalcin tended (P < 0.08) to
decrease in the WL groups and did not significantly change in the WM group after 6 mo.
Also, serial markers of bone resorption, serum NTX, urinary pyridinoline and
deoxypyridinoline, bone formation, and osteocalcin did not significantly differ between the
groups or compared with baseline.

After 6 wk of caloric restriction, TFCA decreased (P < 0.05) during caloric restriction in the
women who consumed high calcium during weight loss compared with those who consumed
normal calcium during weight loss and compared with those on weight maintenance. The
estimated amounts of calcium absorbed tended (P < 0.06) to be greater in the HiCa group
(309.8 £ 91.4 mg/d) than in the WL NLCa group (238.4 £+ 81.3 mg/d), but not compared
with the WM group (287.3 = 61.1 mg/d).

Women were stabilized at calcium intakes of 1.0 g/d or 1.8 g/d ~4 wk before the first 24-h
urine collection and averaged 195.6 + 97.6 mg Ca/d for all women at baseline. As a result of
this calcium stabilization before baseline, urinary calcium excretion was not expected to and
did not increase in any of the groups at 6 mo. Furthermore, during normal intake of calcium,
urinary calcium excretion did not differ significantly in women losing or maintaining
weight. Creatinine excretion (24-h collection) was 1122 + 283 mg/d at baseline and did not
change significantly (1.2 + 34.5%) with weight loss, which is consistent with the small
decrease in lean mass.

Correlations: simple linear and stepwise multiple regression

We analyzed changes in weight loss, body composition, markers of bone turnover, and
hormones within each group. Most correlations were found for the WL HiCa group, because
this group experienced the greatest changes in measurements. Weight loss tended to be
associated with a decrease in osteocalcin (r = 0.339, P < 0.07). The increase in 25(OH)D
correlated significantly (P < 0.005) with an increase in FN BMD (r = 0.705) and a decrease
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in SNTx (r=—0.728) in the HiCa group, but not in the WL group with normal calcium intake
(r=—0.232, P = 0.386) (slopes tended to differ for FN BMD, P < 0.06; Figure 2A).
Furthermore, the change in serum PTH was negatively associated with the changes in FN
BMD during weight loss and high calcium intake (r=—0.681, P < 0.01, Figure 2B), but not
with NL calcium intake.

Significant results for stepwise multiple regression analysis were found in the HiCa group.
An increase in 25(OH)D (partial R2 = 0.498, P < 0.005) and decrease in PTH (partial R =
0.189, P < 0.05) together explained 68.6% of the variance in FN BMD. Stepwise multiple
regression analysis for TFCA across all 3 groups showed that 36% of the variance in the
TFCA changes was explained by calcium intake (r = 0.216, P < 0.01) and estradiol changes
(r=0.145,P < 0.02).

DISCUSSION

The present study showed that there is no bone loss with moderate weight reduction in
healthy overweight premenopausal women at either 1 g Ca/d or 1.8 g Ca/d intake. These
findings are important because there are numerous studies showing bone loss with weight
reduction, but the population is typically older and/or weight loss greater and more rapid.
Few studies have investigated the effects of weight loss on bone in premenopausal women,
and these studies show contradicting results (1-3, 5). Our goal in this 6-mo weight-loss trial
was to specifically address the overweight population because they have more recently been
defined as a population that should lose weight (14) and who may be at greater risk of bone
loss than are obese persons due to weight reduction (14). Another goal was to examine
calcium intake at recommended or high levels and its role in preventing bone loss due to
weight reduction (1, 5, 7, 19). In our recent publication (12), we found that 1 g Ca/d was not
adequate to prevent bone loss in overweight postmenopausal women during weight loss. In
the current study, intake of 1 g Ca/d was adequate to prevent bone loss, and women who
consumed 1.8 g Ca/d showed a small increase in BMD at several sites.

In previous controlled weight loss trials in postmenopausal women or mixed populations, we
and others consistently find bone loss due to weight reduction (11-13). However, results of
bone loss in premenopausal women are controversial. For example, in a previous controlled
weight loss trial conducted in obese premenopausal women, we found no decrease in BMD
and BMC with or without calcium supplementation (5). However, in a 1.5 y study of lean
and overweight (BMI ~25) women beginning at 47 y of age, a 5% weight loss resulted in a
small but significant loss of BMD at the hip (0.8% loss), but not the spine, compared with
weight-stable women (4). Weight loss trials without a control group and calcium
supplementation conducted in premenopausal women report different results. For example,
Ramsdale et al (1) found that a 5% weight loss reduced calcium intake to 866 mg/d and
resulted in a slight decrease in BMD at the total body (=0.7%) and lumbar spine (-0.5%) in
women (aged 18-44 y). A 3-mo very-low-energy diet and 910 mg Ca/d conducted by
Fogelholm et al (2) resulted in loss of BMD and BMC at various sites (1-6%). Hence, a
rapid 14.3% weight loss (~*5%/mo) (2) compared with slower weight loss in the current trial
(>1.2%/mo) may be responsible for the bone loss. Another short-term (15 wk) weight-loss
trial conducted by Van Loan et al (3) reported a decrease in total body BMD of 1.7%
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without corresponding BMC changes in 14 women after ~10% weight loss. Calcium intake
was not reported in this study (3), and the authors suggest that the observed decrease in
BMD in these women may be due to measurement artifact. Because a complete bone
remodeling cycle, including activation, resorption, and formation, takes ~6 mo in older
individuals (23), it is possible that the observed small changes in bone mass with the HiCa
diet in the present study are temporary due to the bone remodeling transient. Whether the
changes are, in fact, significant during weight loss should be addressed in a longer-term
study. Nevertheless, others have examined weight-stable young women over 5 y and found
that modest increases in calcium intake can positively affect bone (24).

Calcium absorption has previously been shown to decrease with weight loss (20, 25), and
under conditions of adequate vitamin D status we have found that estrogen is an important
predictor of calcium absorption. In the present study, an important goal was to evaluate the
effects of caloric restriction on calcium absorption in estrogen-replete women. Calcium
absorption decreased in all 3 groups over the 6-wk period, regardless of weight change. We
showed a greater decrease in TFCA in the high than in the normal calcium group. This was
unexpected, because women were stabilized to high calcium intakes 3—-4 wk before their
baseline measurement, which should have been sufficient time to adapt to a new level of
calcium intake (26). Heaney (27) reported TFCA from observational studies in
premenopausal women to be ~#23% at 1 g Ca/d and ~#18% at higher calcium intakes (*1.8 g
Ca/d). Based on these data, one can estimate that increasing calcium intake from 1.0 g/d to
1.8 g/d results in a decrease in TFCA by about 22%, which is comparable to the 30%
decrease in TFCA observed in the present study. The amount of total absorbed calcium is a
key factor in attaining calcium balance and thereby in the prevention of bone loss. In the
present study, it was estimated that the WL groups absorbed 238-310 mg Ca/d after 6 wk of
weight loss. In women 35-50 y of age (28), calcium balance may be attained if absorbed
calcium is above 230 mg/d. We did not measure calcium balance in the present study, but
considering the amounts of total calcium absorbed (all >238 mg/d), women in all 3 groups in
this study appear to have been in calcium balance, which is consistent with our findings of
no bone loss.

Another important goal in the current study was to determine whether normal or high
calcium intake would be sufficient to suppress bone turnover during weight loss. Previous
weight-loss studies showed a greater increase in bone resorption than in formation with
intakes of 0.6-0.8 g Ca/d (5, 7, 13, 29, 30), but not with higher calcium intakes (12, 30). The
absence of any rise in bone turnover is consistent with the higher calcium intake in the
present study (1.1-1.8 g/d) than those of previous trials. In the present study, we observed a
decrease in the bone formation marker, osteocalcin, with weight loss compared with weight-
stable women. Chronic food restriction has been shown to decrease circulating osteocalcin
concentrations in clinical weight-loss trials (13, 30). It is possible that the uncoupling of
bone formation from resorption with longer term weight-loss trials could ultimately result in
bone loss.

Hormones regulating bone changes have not been examined in previous weight-loss trials in
premenopausal women and were a focus in the present study. We observed an increase in
serum vitamin D concentrations with weight loss after 6 wk, but not after 6 mo. Others have
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found a rise in 25(OH)D with loss of adipose tissue in rats (31, 32). The WL group that
consumed high calcium was the only group to show a strong correlation between increased
serum 25(0OH)D and increased FN-BMD. It is possible that a high calcium intake combined
with an increase in vitamin D concentrations is beneficial to bone mass. Two potential
mechanisms may explain this finding. Higher serum concentrations of vitamin D in the
HiCa group were associated with a lower rate of bone resorption and tended to decrease
urinary calcium excretion. Calcium may function in an enabling mode, permitting the
skeleton to respond to hormonal cues (33), which may have contributed to the bone response
in the HiCa group. Nevertheless, the relation between 25(OH)D and FN-BMD could also be
an artifact due to the small sample size. We hypothesized that calcium requirements would
be higher than those recommended during weight loss, yet both an absence of bone loss and
a higher PTH and bone turnover suggest that our original hypothesis was not true. In
addition, even though we did not design the study to examine the effect of calcium on body
weight and fat and did not find a significant weight difference between the HiCa and NLCa
groups after 6 mo, we did find that repeated measurements over time showed the HiCa
group lost more body weight than did the NLCa group. This differs from our previous
findings (12, 34), and the literature examining calcium during weight loss remains
controversial on this subject (35, 36).

There are some limitations of the present study. There are concerns about the validity of
DXA measurements in heavier people and in weight-loss studies because of size-related
artifacts (37-39). We suggest that measurement artifacts due to weight were minimal in the
current study, due to a lower baseline body weight, no extremes in fat distribution because
the BMI of the women was within a narrow range (25 to 29.9), small tissue changes with
moderate weight loss (ie, of ~7%), and most importantly the inclusion of a weight-loss
control group (10, 40-42). Furthermore, we reported both BMD and BMC changes in Table
1 to improve interpretation of bone changes. Nevertheless, the DXA fan beam may
overestimate true BMD changes due to beam hardening (32). Also, because of higher
variability of bone changes at the radius than at other sites, despite the use of the same
machine and technician, we suggest that interpretation is limited for this peripheral site. This
is possibly due to the difficulty in obtaining a standardized region of interest, less reliable
data for percentage change due to its low BMD and mass, or variable trabecular content (43,
44). In one study, the diagnostic validity proved to be substantially better at a highly
trabecular region of the distal radius (45).

In conclusion, we showed that dieting overweight premenopausal women do not lose bone
with intakes of 1.0 or 1.8 g Ca/d, which may be explained by sufficient amounts of absorbed
calcium. Furthermore, bone turnover was not up-regulated, and the calcium-PTH axis was
not significantly increased because of weight loss. We suggest that overweight
premenopausal women do not lose bone with moderate weight loss when consuming the
recommended intake for calcium.
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FIGURE 1.

Page 14

Flow diagram of participants in study. Failure to lose weight was defined as weight loss of <2.5% of initial body weight. Low
compliance was defined as those who took <60% of the calcium supplement. HiCa, high calcium; NLCa, normal calcium; WL,
weight loss; WM, weight maintenance.
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FIGURE 2.
Relation between changes in serum 25-hydroxyvitamin D [25(OH)D] or parathyroid hormone (PTH) and femoral neck bone

mineral density (FN BMD) in the weight loss high calcium (WL HiCa) and the WL normal calcium (NLCa) groups. The
relation between 25(OH)D and FN BMD was significant (r=0.705, P<0.005) for the WL HiCa group, but not for the WL NLCa
group (r =-0.232, P = NS). A trend (P < 0.06) for a difference in the slopes between the groups was observed. Changes in PTH
and FN BMD were observed only in the WL Hi-Ca group (WL HiCa: r =-0.681, P < 0.01; and WL NLCa: r = 0.187, P = NS)
without significant differences between the slopes after 6 mo of weight loss. B and solid line, WL HiCa group (n = 14), < and
dashed line, WL NLCa group (n = 17). Stepwise regression analysis was done with percentage change in BMD as the dependent
variable, and independent variables included percentage change in weight, PTH, 25(OH)D, estradiol, and cortisol.
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TABLE 1

Bone and body-composition measurements at baseline and percentage changes after 6 mo of weight

maintenance (WM) or weight loss (WL) at 2 calcium intakes”

Page 16

WL high calcium (n = 14)

WL normal calcium (n = 17)

WM normal calcium (n = 13)

Baseline  Percentagechange  Baseline  Percentagechange  Baseline  Percentage change p 2
Body weight (kg) ~ 73.2 + 4.4 —81+40°% 714+67 6.6+ 2454 73.4%50 -0.1+23 <0.0001
Lean mass (kg) ~ 42.0%36 —20+243 40.8 + 4.4 —a4+433% 42.5+3.4 04%4.2 0.015
Fat mass (kg) 284+24  _179+102°% 28142 114 +6.0>% 28248 -0.6+4.9 <0.0001
BMD (g/cm?)
Femoral neck  1.02%0.13 15+18 0.99+0.11 -05+33 0.97£0.14 10£40 0.087
Trochanter 0.85+0.10 1222 0.80 +0.01 02+26 0.81+0.12 15+41 0.660
Total hip 1.07+£0.12 08+14 1.03 +0.09 12£09 1.03+0.14 03£19 0.106
UD radius 0.42 £0.04 -15+134 0.39 +0.06 11.6+16.1 0.39 +0.06 11£175 0.080
33% radius 0.71+0.06 22+333° 0.70 +0.06 -14+34 0.70 +0.05 06+38 0.047
Lumbar spine®  1.33£0.19 -0.1+29 120 +0.13 -1.0+43 120 +£0.12 -02+39 0.831
Total body 1.21+0.06 06+073 1.17+0.08 -02+15 1.20 +0.07 -1.1+33 0.028
BMC (g)
Femoral neck® ~ 4.94 % 0.65 1655 4.35+0.43 58+95 451 +0.65 38+76 0.314
Trochanter 9.23+143 33£6.7 8.79+137 -22+6.3 8.92 +1.99 50+6.95° 0.015
Total hip 31.8+4.0 1520 29.7+25 1121 29.9+4.1 0831 0721
UD radius 1.34+0.16 -15+135 1.30+0.16 -54+93 132+0.16 -33£6.1 0.586
33% radius 1.86 +0.23 —45+423° 1714021 48+89° 1.81+0.25 -1.8+88 0.005
Lumbar spine®  56.0£9.0 08+36 49.4+8.1 04+36 49.4+6.2 12+6.0 0.978
Total body 2717 + 297 -13+24 2513 + 281 00+24 2565 + 232 -0.1+24 0272

lNormal calcium intake was 1.0 g/d; high calcium intake was 1.8 g/d. UD, ultradistal radius.

2Comparison of percentage change between the 3 groups by nonparametric one-factor ANOVA.

3Significantly different from baseline, P < 0.05.

4Change was significantly different from WM group, P < 0.05.

5Change was significantly different from WL normal-calcium group, P < 0.05.

6 . . .
There was a significant difference between the groups at baseline, P < 0.05.
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Page 17

Baseline values and percentage changes after 6 wk and 6 mo due to weight loss (WL) or weight maintenance

(WM) in premenopausal women at 2 calcium intakes”

WL high calcium (n = 14)

WL normal calcium (n =17)

WM normal calcium (n = 13)

Baseline Per centage change Baseline Per centage change Baseline Percentagechange p 2
Calcium absorption, vitamin D, and PTH after
6 Wk3
TECA (%)* 2716280 _3064+220°0 27.0+5.72 -11.6 +22.6 33.6 + 5.6 -9.2+133 0.049
Estimated
Calcium absorbed (mg/d)4 492 +1782 -30.3+325 282 +171P -3.0+35.7 371 +1032b -17.3+28.4 0.077
1,25(0H),D (pmol/L) 118.3+19.5 -2.0+£323 110.0 +41.1 23+382 112.3 +43.7 11.0 £62.0 0.726
25(0OH)D (nmol/L) 72.4+16.0 279+ 33.45 749 +27.2 26.6 + 40‘15 92.4+35.4 -0.5+29.7 0.058
PTH (pmol/L) 37+19 41+402 36+16 4.6+28.0 33+17 5.8+57.6 0.743
Hormones and bone markers after 6 mo
25(0OH)D (nmol/L) 75.1+225 9.1+231 81.1+17.2 10.6 £22.5 74.4+27.0 8.0+13.6 0.964
PTH (pmol/L) 35+14 21.8+411 34+14 -3.1+40.0 42+20 -3.6+255 0.238
Estradiol (pmol/L) 131.8 +69.4 41.4+58.2 196.4 + 140.6 59.9 +158.2 194.2 +115.3 78.7 +226.0 0.569
Cortisol (nmol/L) 295.2 +£85.5 22.6 +39.0 306.2 +104.8 16.4£54.1 3228+ 113.1 14.8 +43.4 0.730
Pyridinium:creatinine (nmol/mmol) 26.7+75 9.6 +£26.0 311484 -2.7+26.4 27.8+6.6 7.9+29.2 0.329
Deoxypyridinoline: creatinine (nmol/mmol) 78+19 6.6 +29.8 85+26 9.3+336 86+3.3 -3.7+17.2 0.988
sNTx (nmol BCE) 13.5+3.3 3.6+20.0 146 +4.3 3.3+344 13.7+£3.6 24226 0.985
Osteocalcin (nmol/L) 1.3+0.2 -75+146 13+0.2 6.2+12.7 13+03 6.5+14.6 0.172

1Norma| calcium intake was 1.0 g/d; high calcium intake was 1.8 g/d. PTH, parathyroid hormone; TFCA, true fractional calcium absorption;
25(0H)D, 25-hydroxyvitamin D; 1,25(0H2)D, 1,25-dihydroxyvitamin D; sSNTx, serum JV-telopeptide; BCE, bone collagen equivalents.

2Comparison of percentage changes between the 3 groups (nonparametric one-factor ANOVA).

3For a subset: n =9 in the WL high-calcium group; n = 15 in the WL normal-calcium group; and n = 10 in the WM normal-calcium group.

There was a significant difference between groups at baseline, P < 0.05. Values with different superscript letters are significantly different, P <

0.05.

I‘:’Significantly different from baseline value, P < 0.05.

6Significantly different from WM group, P < 0.05.
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Nutrient intakes at baseline and percentage changes after 6 mo of weight maintenance (WM) or weight loss

(WL) in premenopausal women at 2 calcium intakes”

WL high calcium (n = 14)

WL normal calcium (n = 17)

WM normal calcium (n = 13)

Baseline Per centage change Baseline Per centage change Baseline Percentagechange p 2
Energy (kcal) 1707 + 461° —194 +31.9% 1885+587  _p5.4+201%° 1708 + 461 -49+119 0.029
Protein (g) 66.4 % 18.0 -1.4+30.5 762+29.1 -12.9+315 769219 -7.9+247 0.501
Fat (g) 64.5+26.1 —25.9+320% 7294253  _3g1+230%° 66.2 +34.5 -6.7+15.1 0.007
Carbohydrates (g) 212.6 + 65.7 -14.1+35.6 231.0+809 -18.7 £ 23.6 205.2+42.4 -65+21.1 0.304
Calcium (mg)® 1821 + 366 40%147 1088 + 489 6.8+356 1156 + 397 04182 0.799
Phosphorus (mg) 866 + 270 01%267 1037 £ 502 -8.0£375 1036 + 427 08232 0.669
Vitamin D (1g) 16+11 57+127 21%30 -0.2+16.4 24%17 -0.9+82 0.357
Magnesium (mg) ~ 163.8+55.8 11.9+30.3 198.5+82.9 -3.4+209 244.9 +163.7 -1.7+22.3 0.197
Sodium (mg) 2408 £ 828 -2.0+33.1 2986 + 1338 -52£67.5 2487 826 -8.4+188 0.467
Vitamin K (ug) 38.8+40.9 8.4%65.2 51.0£45.0 10.5 +68.7 51.9+333 54.1%161.1 0.436

Nutrient intake was estimated from 3-d food records at baseline and from two 3-d food records at 6 mo. Normal calcium intake was 1.0 g/d; high
calcium intake was 1.8 g/d. Includes 48 mg phosphorus, 10 pg vitamin D, 100 mg magnesium, or 10 pg vitamin K from multivitamin-minerals;
does not include salt from shaker. No significant differences were observed between the groups at baseline.

2Comparison of percentage changes between the 3 groups (nonparametric one-factor ANOVA).

35 + 5 D (all such values).

4Significantly different from baseline value, P < 0.05.

5Significantly different from WM, P < 0.05.

6Includes supplemental calcium at baseline and during study period of 0.4 g/d (normal calcium) and 1.2 g/d (high calcium). Mean (+SD) calcium
intakes before supplementation (prestabilization): WL high calcium: 951 + 334 mg/d; WL normal calcium; 1155 + 500 mg/d; and WM normal
calcium; 1024 + 381 mg/d.
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