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ABSTRACT

Thinness (low percentage of body fat, low body mass index [BMI], or low body weight) was evaluated as a risk
factor for low bone mineral density (BMD) or increased bone loss in a randomized trial of alendronate for
prevention of osteoporosis in recently postmenopausal women with normal bone mass (n = 1609). The 2-year data
from the placebo group were used (n = 417). Percentage of body fat, BMI, and body weight were correlated with
baseline BMD (r = −0.13 to −0.43,p < 0.01) and 2-year bone loss (r = −0.14 to −0.19,p < 0.01). Women in the lowest
tertiles of percentage of body fat or BMI had up to 12% lower BMD at baseline and a more than 2-fold higher
2-year bone loss as compared with women in the highest tertiles (p ≤ 0.004). Women with a lower percentage of
body fat or BMI had higher baseline levels of urine N-telopeptide cross-links (r = −0.24 to −0.31,p < 0.0001) and
serum osteocalcin (r = −0.12 to −0.15,p < 0.01). To determine if the magnitude of treatment effect of alendronate
was dependent on these risk factors, the group treated with 5 mg of alendronate was included (n = 403). There were
no associations between fat mass parameters and response to alendronate treatment, which indicated that risk of
low bone mass and increased bone loss caused by thinness could be compensated by alendronate treatment. In
conclusion, thinness is an important risk factor for low bone mass and increased bone loss in postmenopausal
women. Because the response to alendronate treatment is independent of fat mass parameters, prevention of
postmenopausal osteoporosis can be equally achieved in thinner and heavier women. (J Bone Miner Res 1999;
14:1622–1627)

INTRODUCTION

OSTEOPOROSIS IS A COMMON DISEASE that affects up to
one third of postmenopausal women.(1,2) The esti-

mated cost for treatment of osteoporotic fractures is more
than 13 billion U.S. dollars per year.(3) Because of the aging
of the population and subsequent increase over time in the
incidence of fractures, these already huge costs are ex-

pected to more than double over the next 30 years,(4) unless
comprehensive programs for prevention and treatment are
initiated. To substantiate future recommendations and op-
timize public health strategies, a better understanding of
the impact of various risk factors for osteoporosis is crucial.

The existence of a positive association between body size
and bone mass is well established.(5–10) Moreover, low body
mass index (BMI) has been shown to be a predictor of
increased bone loss at the forearm.(11) However, the asso-
ciation at other skeletal regions between BMI, bone mass,
and bone loss remains to be determined. The potential im-
pact of thinness on the development of postmenopausal
osteoporosis is particularly relevant because of the high in-
cidence of malnutrition in the developing countries and be-
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cause slimness is promoted as the ideal in industrialized
countries.

In the present study, we evaluated thinness (low percent-
age of body fat, low BMI, or low body weight) as a risk
factor for low bone mineral density (BMD) or increased
bone loss in a population of recently postmenopausal
women with normal bone mass participating in a random-
ized trial of alendronate treatment for prevention of post-
menopausal osteoporosis (n 4 1609). Also, we analyzed
whether the treatment effect of alendronate was dependant
on these risk factors.

MATERIALS AND METHODS

Subjects

The Early Postmenopausal Intervention Cohort (EPIC)
study is an ongoing randomized, double-blind, placebo-
controlled trial of the efficacy and safety of daily oral alen-
dronate treatment for prevention of postmenopausal osteo-
porosis.(12) The study is being carried out at four centers
(Copenhagen County, Denmark; Nottingham, U.K.; Hono-
lulu, HI, U.S.A.; and Portland, OR, U.S.A.) with a total of
1609 enrolled participants. All participants were 45–59
years of age and at least 6 months past menopause at base-
line, in good general health, and without clinical or labora-
tory evidence of confounding systemic disease. Women
with a baseline body weight above 130% of the ideal as
defined by the Metropolitan Health Insurance Company,
and who had a body thickness exceeding either 22.5 cm (9
in) in the anteroposterior projection of the spine, or 30 cm
(12 in) in the lateral projection, were excluded from the
study, since greater levels of obesity may result in inaccu-
racies of the BMD measurements. Women with a low di-
etary calcium intake (below 500 mg daily calcium) were
advised to increase their daily calcium intake. However,
calcium supplements were not included in the protocol,
more closely reflecting routine clinical practice. At baseline,
the participants were randomized to treatment with pla-
cebo, alendronate 2.5 mg, or alendronate 5 mg (Merck Re-
search Laboratories, Rahway, NJ, U.S.A.). The present
analyses included participants in the placebo group who
had spinal BMD measurements available at baseline and at
year 2 (n 4 417). To analyze the influence of fat mass
parameters on the response to alendronate treatment, we
used the group treated with alendronate 5 mg (n 4 403).

The protocol was approved by the local ethics commit-
tees and institutional review boards. All participants con-
sented in writing after having been provided with oral and
written information regarding the study.

Methods

Bone densitometry: Measurements of BMD at the lum-
bar spine (L1–L4), total hip, total body, and forearm (the
one third–distal region, which consists of mainly cortical
bone, and the ultra-distal region, which consists of mainly
trabecular bone) were performed at baseline and annually
thereafter by dual-energy X-ray absorptiometry (Hologic
2000; Hologic, Waltham, MA, U.S.A.). A maximum of 10%
of study participants at each center were allowed to have a

baseline spine BMD T score below −2 SD of the premeno-
pausal mean, peak value (corresponding to a spine BMD
above 0.8 g/cm2). Percentage of body fat was derived from
the total body composition measurements of the total body
scans. Body weight was measured at baseline and every 6
months thereafter. Information regarding age and the num-
ber of years since menopause was obtained at baseline. The
short-term precision errors for measurements of BMD and
percentage of body fat ranged between 0.7% and 1.9%.

Biochemical parameters: Blood and second morning void
urine samples were collected after an overnight fast at
baseline and every 6 months thereafter. Serum osteocalcin
(OC) was measured by a radioimmunoassay (Human Os-
teocalcin Kit; Nichols Institute, San Juan Capistrano, CA,
U.S.A.).(13) Urinary N-telopeptide cross-links of type I
collagen (NTX) was measured by an enzyme-linked im-
munosorbent assay (Osteomark™; Ostex, Seattle, WA,
U.S.A.)(14) and corrected for creatinine excretion.

Statistical analysis

Current SAS Institute procedures were used for statisti-
cal analysis. Mean values and SD were calculated as para-
metric measures of location and dispersion. Multiple re-
gression was used to examine the relationships between fat
mass parameters and bone mass. For some of the analyses,
the study population was divided by tertiles of fat mass
parameters or by years since menopause. To eliminate in-
terindividual variance, changes in bone mass were ex-
pressed as the percentage change from baseline for each
subject. Significance was accepted at the p # 0.05 level.

RESULTS

The baseline demographic characteristics, spine BMD,
and fat mass parameters for the placebo group did not dif-
fer from the group treated with alendronate 5 mg (Table 1).

Baseline BMD correlated with percentage of body fat,
BMI, and body weight (Table 2). These coefficients of cor-
relation were not significantly affected by age at baseline or
years since menopause and were stronger for BMI than for
percentage of body fat. In addition, the correlations be-
tween fat mass parameters and baseline BMD were stron-
ger at the spine and hip than at the total body and forearm.
Women in the lowest tertiles of percentage of body fat or

TABLE 1. BASELINE DEMOGRAPHIC DATA AND FAT MASS

PARAMETERS IN THE STUDY GROUPS

Treatment
Placebo

(n = 417)

Alendronate
5 mg

(n = 403)

Age (years) 53.0 ± 3.6 53.4 ± 3.8
YSM (years) 5.6 ± 5.4 5.2 ± 4.6
Height (cm) 162.0 ± 6.5 161.8 ± 6.5
Weight (kg) 66.7 ± 10.4 66.6 ± 10.2
BMI (kg/cm2) 25.4 ± 3.6 25.4 ± 3.5
Percentage of body fat (%) 40.1 ± 6.7 40.1 ± 6.6
Spine BMD (g/cm2) 0.96 ± 0.13 0.94 ± 0.12

YSM, years since menopause; BMI, body mass index.
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BMI had up to 12% lower baseline spine and hip BMD as
compared with those in the highest tertiles (p < 0.001)
(Fig. 1).

Change from baseline at year 2 in BMD correlated with
percentage of body fat, BMI, and body weight (Table 3).
These coefficients of correlation were not significantly af-
fected by age at baseline or years since menopause. Women
in the lowest tertiles of percentage of body fat or BMI had
approximately a 2-fold greater bone loss at the spine and
hip as compared with those in the highest tertiles (p < 0.001)
(Fig. 2).

Figure 3 shows the change from baseline at year 2 in
spine and hip BMD by tertiles of BMI and years since

menopause. All women experienced a greater bone loss
during early versus late postmenopause. Within each tertile
of years since menopause, women in the lowest tertile of
BMI had an approximately 2-fold greater bone loss at the
spine and hip as compared with women in the highest tertile
(p # 0.004). Similar results were found if percentage of
body fat were used (data not shown).

Women with a lower percentage of body fat or BMI had
higher baseline levels of urine NTX (r 4 −0.24 to −0.31, p
< 0.0001) and serum OC (r 4 −0.12 to r 4 −0.15, p < 0.01).
There were no significant associations between years since
menopause and baseline NTX or OC.

Table 4 reports, by tertiles of fat mass parameters and of

TABLE 2. COEFFICIENTS OF CORRELATION BETWEEN FAT MASS PARAMETERS AND BASELINE BMD IN THE

PLACEBO GROUP (N 4 417)

Regional BMD Spine BMD Hip BMD
Total body

BMD
One third–distal
forearm BMD

Ultra-distal
forearm BMD

Percentage of body fat −0.13* −0.23† 0.01 −0.04 −0.26†

Body mass index −0.27† −0.41† −0.16† −0.11‡ −0.31†

Body weight −0.33† −0.43† −0.28† −0.21† −0.30†

* p < 0.01; †p < 0.001; ‡p < 0.05.

FIG. 1 Baseline spine (A, C) and total hip (B, D) BMD (mean ± SEM) by tertiles of percentage of body fat (A, B) and
of BMI (C, D) (placebo group only, n 4 417). p < 0.0001 for all associations.
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years since menopause, the percentage change from base-
line at year 2 in spine and hip BMD in the group treated
with alendronate 5 mg corrected for the respective bone
loss in the placebo group. These corrected percentage
changes were independent of BMI and of percentage of
body fat measured at baseline. There was an association
between these corrected percentage changes and years
since menopause: p 4 0.023 for changes in BMD at the
spine and p 4 0.002 for changes in BMD at the hip. The
corrected changes were greater in women closer to the
menopause than women further past the menopause. All of
the corrected changes were significantly greater than zero.

DISCUSSION

This prospective study consistently demonstrated the ex-
istence of a significant association between thinness, low
bone mass, and increased postmenopausal bone loss. The
associations between low fat mass parameters, low bone
mass, and an increased rate of bone loss were independent
of age or years since menopause. However, as expected,
there was an association between years since menopause
and bone loss, with women closer to the menopause expe-
riencing a greater bone loss than women further past the
menopause. The present results, based on 2 years of follow-

TABLE 3. COEFFICIENTS OF CORRELATION BETWEEN FAT MASS PARAMETERS AND CHANGE FROM BASELINE AT YEAR 2
IN BMD IN THE PLACEBO GROUP (N 4 417)

Regional BMD Spine BMD Hip BMD
Total body

BMD
One third–distal
forearm BMD

Ultra-distal
forearm BMD

Percentage of body fat −0.18* −0.14† −0.10‡ −0.15† −0.08
Body mass index −0.19* −0.14† −0.12† −0.17* −0.11‡

Body weight −0.16* −0.09 −0.06 −0.16* −0.08

* p < 0.001; †p < 0.01; ‡p < 0.05.

FIG. 2. Percentage change from baseline at year 2 in spine (A, C) and total hip (B, C) BMD (mean ± SEM) by tertiles
of percentage of body fat (A, B) and of BMI (C, D) (placebo group only, n 4 417). p < 0.0001 for all associations.
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up, were statistically significant and consistent in all regions
of the skeleton.

Low bone mass and increased rate of bone loss add to an
increased risk of subsequent development of postmeno-
pausal osteoporosis. Women in the lowest tertile of BMI or
percentage of body fat were osteopenic at baseline with a
spine BMD below −1 SD of the premenopausal mean, peak
value (which corresponds to about 0.93 g/cm2),(15,16) and
exhibited a 4% bone loss at the spine over a 2-year period.
Therefore, by extrapolation, a substantial proportion of
these women are likely to develop postmenopausal osteo-
porosis before the age of 65 years. However, longitudinal
data, which will be provided in the future by this ongoing
study, are needed to further substantiate this conclusion.

There was a significant negative association between

baseline bone turnover and percentage of body fat or BMI.
Because high bone turnover is associated with increased
bone loss,(17) this is compatible with the greater 2-year bone
loss presently observed in women with low percentage of
body fat or BMI. Serum estradiol was measured at baseline
to confirm postmenopausal status before study entry. The
measurement was aimed at categorizing menopausal status
rather than an exact determination of the serum estradiol
concentration. Furthermore, different assays were used at
each of the four study centers with no cross-calibration.
With these limitations, we found no consistent associations
between serum estradiol, fat mass parameters, and BMD in
the present study.

At each skeletal region, there was a somewhat stronger
correlation between BMI and baseline BMD than between
percentage of body fat and baseline BMD. Furthermore,
the strength of the correlation between BMI and BMD was:
hip > spine > forearm. These findings suggest a positive
effect of body weight per se on BMD as compared with
percentage of body fat, which was more evident at weight-
bearing skeletal regions, such as the spine and hip, as com-
pared with the forearm. Although both BMI and percent-
age of body fat were significantly correlated with baseline
BMD, <17% of the variance in fat mass parameters ac-
counted for the variance in baseline BMD. This was an
expected finding, since BMD is a multifactorial parameter
influenced by a large number of factors in addition to fat
mass parameters, such as genetic background (peak bone
mass) and life style.

Treatment with 5 mg of alendronate per day caused a
positive response in BMD in each tertile of BMI or per-
centage of body fat, with no associations between response
to alendronate treatment and fat mass parameters. This
indicated that the deleterious influence of low percentage
of body fat or BMI upon the risk of osteoporosis could be
compensated for by alendronate treatment.

Alendronate is immediately taken up by the bone after
gastrointestinal absorption(18) and cleared from the body
without significant accumulation in any other tissue besides
bone.(19,20) The antiresorptive effect is therefore not ex-
pected to be influenced by the amount of fat tissue per se,
consistent with our present observations.

Finally, we observed an increase in BMD during alen-
dronate treatment in each of the tertiles of years since
menopause, although the magnitude of the increase was
smaller in women closer to the menopause. This was con-
sistent with an underlying greater bone loss in this group,
presently observed in the placebo group, and also reported
by others.(21,22)

In conclusion, postmenopausal women with lower BMI
exhibit low bone mass and rapid bone loss, both of which
are independent contributing factors to an increased risk of
postmenopausal osteoporosis. Thinner women, despite a
normal bone mass at menopause, are at increased risk of
developing postmenopausal osteoporosis within 1–2 de-
cades after the menopause. Because the response to alen-
dronate treatment is independent of fat mass parameters,
prevention of postmenopausal osteoporosis can be equally
achieved in thinner and heavier women.

FIG. 3. Percentage change from baseline at year 2 in spine
(A) and total hip (B) BMD (mean ± SEM) by tertiles of
BMI and years since menopause (placebo group only, n 4
417). p < 0.001 for associations with changes in spine BMD.
p 4 0.004 for associations with changes in hip BMD.

RAVN ET AL.1626



REFERENCES

1. Jones G, Nguyen T, Sambrook PN, Kelly PJ, Gilbert C, Eis-
man JA 1994 Symptomatic fracture incidence in elderly men
and women: Dubbo Osteoporosis Epidemiol Study (DOES).
Osteoporos Int 4:277–282.

2. Melton LJ III, Lane AW, Cooper C, Eastell R, O’Fallon WM,
Riggs BL 1993 Prevalence and incidence of vertebral deformi-
ties. Osteoporos Int 3:113–119.

3. Riggs BL, Melton LJ III 1992 The prevention and treatment of
osteoporosis. N Engl J Med 327:620–627.

4. Cummings SR, Rubin SM, Black D 1990 The future of hip
fractures in the United States: Numbers, costs, and potential
effect of postmenopausal estrogen. Clin Orthop 252:163–166.

5. Stevenson JC, Lees B, Devenport M, Cust MP, Ganger KF
1989 Determinants of bone density in normal women: Risk
factors for future osteoporosis? Br Med J 298:924–928.

6. Dawson-Hughes B, Shipp C, Sadowski L, Dallal G 1987 Bone
density of the radius, spine, and hip in relation to percent of
ideal body weight in postmenopausal women. Calcif Tissue Int
40:310–314.

7. Lindsay R, Cosman F, Herrington BS, Himmelstein S 1992
Bone mass and body composition in normal women. J Bone
Miner Res 7:55–63.

8. Ribot C, Tremollieres F, Pouilles JM, Bonneu M, Germain F,
Louvet JP 1988 Obesity and postmenopausal bone loss: The
influence of obesity on vertebral density and bone turnover in
postmenopausal women. Bone 8:327–331.

9. Edelstein SL, Barrett-Connor E 1993 Relation between body
size and bone mineral density in elderly men and women. Am
J Epidemiol 138:160–169.

10. Hassager C, Christiansen C 1989 Influence of soft tissue body
composition on bone mass and metabolism. Bone 10:415–419.

11. Christiansen C, Riis BJ, Rødbro P 1987 Prediction of rapid
bone loss in postmenopausal women. Lancet 1:1105–1108.

12. Hosking D, Chilvers CED, Christiansen C, Ravn P, Wasnich
R, Ross P, McClung M, Balske A, Thompson D, Daley M,
Yates AJ 1998 Prevention of bone loss with alendronate in
postmenopausal women under 60 years of age. N Engl J Med
338:485–492.

13. Minisola S, Rosso R, Romagnoli E, D’Erasmo E, Manfredi G,
Damiani C, De Antoni F, Mazzuoli G 1997 Serum osteocalcin
and bone mineral density at various skeletal sites: A study

performed with three different assays. J Lab Clin Med
129:422–429.

14. Hanson DA, Weis MAE, Bollen AM, Maslan SL, Singer FR,
Eyre DR 1992 A specific immunoassay for monitoring human
bone resorption: Quantitation of type 1 collagen cross-linked
N-telopeptides in urine. J Bone Miner Res 7:1251–1258.

15. Ravn P, Overgaard K, Huang C, Ross PD, Green D, McClung
M 1996 Comparison of bone densitometry of the phalanges,
distal forearm and axial skeleton in early postmenopausal
women participating in the EPIC study. Osteoporos Int 6:308–
313.

16. Kanis JA, Melton LJ III, Christiansen C, Johnston CC, Khal-
taev N 1994 The diagnosis of osteoporosis. J Bone Miner Res
9:1137–1141.

17. Hansen M, Overgaard K, Riis BJ, Christiansen C 1991 Role of
peak bone mass and bone loss in postmenopausal osteoporosis:
12 year study. BMJ 303:961–964.

18. Fleisch H 1991 Bisphosphonates: Pharmacology and use in the
treatment of tumour-induced hypercalcaemic and metastatic
bone disease. Drugs 42:919–944.

19. Lin JH, Duggan DE, Chen IW, Ellsworth RL 1991 Physiologi-
cal disposition of alendronate, a potent anti-osteolytic bisphos-
phonate, in laboratory animals. Drug Metab Dispos 19:926–
932.

20. Gertz BJ, Holland SD, Kline WF, Matuszeswki BK, Freeman
A, Quan H, Lasseter KC, Mucklow JC, Porras AG 1995 Stud-
ies of oral bioavailablity of alendronate. Clin Pharmacol Ther
58:288–298.

21. Gallagher JC, Goldgar D, Moy A 1987 Total bone calcium in
normal women: Effect of age and menopause status. J Bone
Miner Res 2:491–496.

22. Sambrook PN, Eisman JA, Furler SM, Pocock NA 1987 Com-
puter modelling and analysis of cross-sectional bone density
studies with respect to age and the menopause. J Bone Miner
Res 2:109–114.

Address reprint requests to:
Pernille Ravn, M.D.

Center for Clinical and Basic Research
Ballerup Byvej 222

DK-2750 Ballerup, Denmark

Received in original form October 5, 1998; in revised form Febru-
ary 19, 1999; accepted March 19, 1999.

TABLE 4. CHANGE FROM BASELINE AT YEAR 2 IN BMD BY TERTILES OF PERCENTAGE OF

FAT MASS PARAMETERS, AND YEARS SINCE MENOPAUSE IN THE GROUP TREATED WITH

ALENDRONATE 5 MG CORRECTED FOR THE RESPECTIVE BONE LOSS

IN THE PLACEBO GROUP

Tertiles of percentage of body fat (%)*

15–<37 37–<43 43–52
Change in spine BMD 5.50 ± 0.27 5.94 ± 0.30 4.79 ± 0.30
Change in hip BMD 3.58 ± 0.21 3.70 ± 0.23 3.04 ± 0.21

Tertiles of BMI (kg/cm2)*

16–<23 23–<27 27–40
Change in spine BMD 5.35 ± 0.26 5.94 ± 0.30 5.07 ± 0.30
Change in hip BMD 3.68 ± 0.20 3.66 ± 0.26 3.13 ± 0.20

Tertiles of years since menopause (years)†

0.5–<3 3–<7 7–32
Change in spine BMD 5.80 ± 0.29 5.45 ± 0.28 4.82 ± 0.27
Change in hip BMD 3.90 ± 0.23 3.69 ± 0.21 2.78 ± 0.21

* Test for trend: NS.
†Test for trend: p 4 0.023 for associations with changes in spine BMD.
†Test for trend: p 4 0.002 for associations with changes in hip BMD.
All corrected changes significantly greater than zero.
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