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OBJECTIVE: We aimed to compare the efficacy and tolerability of once-weekly alendronate 70 mg/
weekly, risedronate 35 mg/weekly and raloxifene 60 mg/daily in the treatment of postmenopausal osteo-
porosis.
STUDY DESIGN: Retrospective case-control study. 216 aged matched postmenopausal women with
osteoporosis who received alendronate (n=70), risedronate (n=74), or raloxifene (n=72) for 24 months
were retrospectively evaluated. Additionally, all patients received 600 mg Calcium+ 400 IU Vit D daily.
Bone mineral density (BMD) was measured by dual X-ray absorptiometry. T scores at baseline and 24
months were evaluated in the lumbar spine, total hip, femur neck, and trochanter.
RESULTS: Baseline T scores of each region were not significantly different among three groups. T
scores increased in the lumbar spine (p<0.01), femur neck (p<0.05), trochanter (p<0.01) and total hip
(p<0.05) following 24 months of alendronate treatment. In the risedronate group, there was a significant
increase in the lumbar spine only (p<0.01). Raloxifene treatment did not change T scores of any regions. 
There was only one case (1.4%) with fracture of forearm in the alendronate group. However, in the rise-
dronate group, 5 cases (6.7%) with fracture (one case of elbow, two cases of finger, one case of hip and
one cases of vertebral fractures) were seen during the treatment period. In the raloxifene group, 5 cases
(6.9%) of bone fracture (including, three cases of fracture of forearm and one case of hip and one case
of vertebral fracture) were seen. The rates of fracture and adverse effects in three groups were compa-
rable. 
CONCLUSİONS: Alendronate 70 mg/weekly was well tolerated and produced significantly greater
increases in BMD than other drugs with low fracture incidence. 
(Gynecol Obstet Reprod Med 2007;13:1  52-57)

Key Words: Osteoporosis, Alendronate, Risedronate, Raloxifene, Postmenopausal women

52

Osteoporosis is a skeletal disorder characterized by com-

promised bone strength predisposing to an increased risk of

fracture which can result in substantial morbidity and mortal-

ity1. In osteoporosis, excessive bone resorption leads to an

imbalance between bone resorption and bone formation,

resulting in reduced bone mass2. Optimal management of

osteoporosis includes the detection of low bone mass, then,

initiation of efficient antiresorptive therapy. Both bisphospho-

nates and selective oestrogen receptor modulators (SERMs)

are used to treat osteoporosis because of their ability to

decrease bone resorption, increase bone mineral density

(BMD) and decrease risk of fractures3. Each antiresorptive

therapy achieves its therapeutic effects on bone through dif-

ferent modes of action. Bisphosphonates bind to hydroxyap-

atite and inhibit bone resorption by decreasing the number and

activity of osteoclasts4. Although the mechanisms of action of

SERMs are yet to be elucidated, some factors that contribute

to the tissue specific actions of SERMs include binding to

estrogen receptor and isoform, binding of the SERM-estrogen

receptor complex to target genes, and modification of gene

expression by cellular proteins5. 

Effects of bisphosphonates and raloxifene on T scores of

spine or hip and fraction rates were evaluated by several stud-

ies6,7. However, to our knowledge, comparison of three differ-

ent drug regimens such as risedronate, raloxifene and, alen-

dronate has not been studied yet, even retrospectively.

In this study, we aimed to compare the efficiency and tol-

erability of alendronate 70 mg/week, risedronate 35 mg/week

and raloxifene 60 mg/day treatments in postmenopausal

osteoporosis for 24 months.

Materials and Methods

Two hundred sixteen women diagnosed as osteoporosis in

gynecologic outpatient clinic of Baskent University were  ret-
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rospectively recruited. Osteoporosis was defined as bone min-

eral density (BMD) of the lumbar spine that was below -2.5

SD from the mean value of premenopausal Turkish women.

Amenorrhea longer than last 12 months or serum FSH levels

above the 40 mIU/ml was accepted as diagnostic criteria for

menopause. We excluded women with known causes of osteo-

porosis (or other disorders of bone and mineral metabolism),

such as treatment with glucocorticoids, vitamin D deficiency,

rheumatoid arthritis, and clinical hyperparathyroidism.

Patients with a history of the following conditions were also

excluded: active peptic ulcer disease; abnormal renal function;

abnormal hepatic function; abnormalities of the lumbar spine

precluding the assessment of BMD; a history of hip fracture,

and cancer within the past 10 years. Moreover, patients who

had any prior treatment with one of bisphosphonates, estro-

gen, progestin, calcitonin, fluoride, or anabolic steroid were

excluded.

The patients were divided into three different groups.

Group I was composed of 70 patients who received alendro -

nate 70 mg weekly (Fosamax, Merck-Sharp&Dohme, Istan -

bul, Turkey), Group II was consisted of 74 women who recei -

ved risedronate 35 mg weekly (Actonel, Aventis Pharma, Is -

tan bul, Turkey) and remained 72 women who were consisted

of Group III took raloxifene 60 mg daily (Evista, Lilly, Is tan -

bul, Turkey). Additionally, all patients received 600 mg Cal ci -

um+400 IU Vitamin D daily (Cal-D-VitA, Bayer, Is tan bul,

Turkey) and were continued to the treatment for 24 months.  

Bone mineral density (BMD) of the spine (L1–L4) and hip

were measured by dual X-ray absorptiometry (DEXA)

(Hologic 010-0667, Bedford Maryland, USA) at baseline and

24 months of treatment in all patients. Efficacy measurements

were set as T scores of the lumbar spine, total hip, neck, and

trochanter at baseline and 24 months. During the treatment

period, adverse effects and fractures were recorded. Drugs

were usually given at physicians’ choice with no prejudice of

a drug’s superiority over others. 

Statistical analysis was performed by SPSS 11.5 software

(Statistical Package for Social Sciences). Data are represented

as means ± SD unless otherwise stated. Normally distributed

parametric variables were tested by analysis of variance

(ANOVA) using Bonferroni test for post hoc analysis. To eval-

uate the treatment effect on bone indices of each drug group,

paired t test was used. The Chi-Square test and Fisher’s exact

test were used to analyze nominal variables in form of fre-

quency tables.  P value less than 0.05 was accepted as statisti-

cally significant.

Results

The baseline characteristics of three groups were shown in

Table 1. Baseline and post-treatment T scores of each group

were shown in Table 2. 

Group I Alendronate Group II Raloxifene Group III Risedronate P 
70mg/week 10 mg/day 35 mg/week values

Age (y) 58.94±7.31 60.10±7.01 58.91±7.97 NS

Age of menopause (y) 46.70±4.61 46.43±4.97 46.76±5.09 NS

Duration of menopause (y) 12.11±7.64 13.69±7.96 12.09±7.38 NS

Parity 2.06±1.42 1.97±1.08 2.03±1.36 NS

Body Mass Index (kg/m2) 26.77±3.74 26.16±3.14 26.26±3.16 NS

NS=Non Significant

Group I Group II Group III P P P P P

Alendronate Raloxifene Risedronate Valuea Valueb Valuec Valued Valuee

70mg/week 10 mg/day 35 mg/week

T Scores Pre- Post- Pre- Post- Pre- Post-

treatment treatment treatment treatment treatment treatment

Lumbar -2.42±0.94 -2.15±0.85 -2.44±0.74 -2.45±0.72 -2.55±0.82 -2.36±0.87 NS <0.01 NS <0.01 NS
spine

Femur -1.33±0.87 -1.18±0.87 -1.45±0.73 -1.31±0.72 -1.45±0.76 -1.55±0.89 NS <0.05 0.07 NS <0.05
neck

Trochanter -1.48±0.73 -1.17±0.75 -1.41±0.67 -1.36±0.73 -1.56±0.65 -1.54±0.70 NS <0.01 NS NS <0.05

Total hip -0.78±0.96 -0.66±0.90 -0.82±0.82 -0.73±0.79 -1.03±0.71 -1.15±0.79 NS <0.05 NS 0.08 <0.01

Table 1. Baseline characteristics of three groups

Table 2: Baseline and post-treatment T scores of lumbar spine, femur neck, trochanter and total hip in three groups
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Baseline T scores of each region were not significantly dif-

ferent among three groups. T scores increased in the lumbar

spine (p<0.01), femur neck (p<0.05), trochanter (p<0.01) and

total hip (p<0.05) following 24 months of alendronate treat-

ment. In the risedronate group, there was a significant increase

in the lumbar spine only (p<0.01).  Raloxifene treatment did

not change T scores of any regions. Baseline and post-treat-

ment T scores (mean±SD) in lumbar spine (a), femur neck (b),

total hip (c) and, trochanter (d) were shown in Figure 1. 

There was only one case (1.4%) with fracture of forearm

in the alendronate group. However, in the risedronate group, 5

cases (6.7%) with fracture (one case of elbow, two cases of

finger, one case of hip and one cases of vertebral fractures)

were seen during the treatment period. In the raloxifene group,

5 cases (6.9%) of bone fracture (including, three cases of frac-

ture of forearm and one case of hip and one case of vertebral

fracture) were seen. The rates of fracture in three groups were

comparable. 

Adverse effects, which had been detected during the treat-

ment period, were shown in Table 3. There was no adverse

aComparison of pre-treatment T scores in three groups.
bComparison of pre-treatment and post-treatment T scores in Group I.
cComparison of pre-treatment and post-treatment T scores in Group II.
dComparison of pre-treatment and post-treatment T scores in Group III.
eComparison of post-treatment T scores in three groups.

Figure 1. Baseline and post-treatment T scores (mean±SD) in lumbar spine (a), femur neck (b), total hip (c) and, trochanter (d)
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effect, which caused to cessation of the treatment. Raloxifene

group had significantly lower adverse effects than the other

groups (p<0.05).

Table 3: Adverse effects during treatment period

Adverse effects Group I Group II Group III
Alendronate Raloxifene Risedronate
70mg/week 10 mg/day 35 mg/week

No. of patients 70 72 74

Headache 1 0 2

Nausea 2 0 2

Dizziness 1 0 2

Dyspeptic complaints 1 0 2

Pruritus 0 0 2

Bone pain 0 0 1

Urticaria 0 2 0

Elevated liver enzymes 1 0 0
Gastrointestinal bleeding 1 0 0
Muscle stiffness 1 0 0
Total (n, %) 8 (11.4) 2 (2.7)a 11 (14.8)

a Statistically different from Group I and III, p<0.05

Discussion

In this study, we noted that alendronate 70 mg once week-

ly significantly increased the T scores in lumbar spine, femur

neck, and trochanter and total hip. However, risedronate 35

mg once weekly increased T scores of lumbar spine only.

Risedronate did not change T scores of other regions.

Raloxifene 60 mg/day treatment did not change T scores of

any regions. Drug tolerability of raloxifene was better than

alendronate and risedronate. 

Although fracture prevention is considered the major con-

cern for determining the efficiency of therapy, the BMD and

biochemical markers are considered as indicators of clinical

efficiency. In general, BMD is an important predictor of bone

strength and the prevention of bone loss is an important mech-

anism of fracture prevention8. Both preclinical animal mod-

els, as well as clinical trials in humans, indicate that larger

increases in BMD are associated with greater reductions in

fracture risk9,10.

The efficacy of alendronate 10 mg once daily in increasing

bone mass was tested in double blind, placebo controlled clin-

ical studies conducted in postmenopausal women with osteo-

porosis11-14. In these studies, significant increases in BMD rel-

ative to baseline and placebo were observed at each measure-

ment site; total body BMD also increased significantly. Two-

year extension studies showed continued increases in BMD

measured at the lumbar spine and trochanter, plus mainte-

nance of BMD at the femoral neck, forearm, and total body11-

14. For patients who met the criteria of osteoporosis, as defined

by the World Health Organization (WHO), the overall risk

reduction was 55% (95% CI 29% to 72%, P=0.0008) 15. 

Another bisphosphonate, risedronate has been shown to

reduce risk of vertebral, non-vertebral and hip fractures in

postmenopausal women16-18. Daily risedronate yielded

increases in BMD at the spine, hip, and wrist compared with

placebo. An additional study demonstrated the therapeutic

equivalence of risedronate 35 mg once weekly in increasing

BMD over 1 year 16-18. However, in our study we noted that,

risedronate 35 mg once weekly increased T scores of lumbar

spine only. It did not change T scores of other regions.

A recent well-accepted drug choice is a selective estrogen

receptor modulator “raloxifene”. It acts like an estrogen on

bone tissue. In the MORE study, raloxifene 60 mg/daily

reduced the risk of new vertebral fracture by 39% (95% CI,

0.43-0.88), which was not significantly different from the rel-

ative risk in the first 3 years of the study, but again, there was

no significant reduction in the rate of non-vertebral frac-

tures19.  In addition, effects on T scores and bone remodeling

markers (Urinary N-Telopeptide) are weaker than bisphospho-

nates. However, the major advantage of raloxifene is better

tolerability than bisphosphonates. Raloxifene is especially

beneficial when patients have high plasma lipid levels or a

family history of breast cancer. However, raloxifene treatment

has been associated with an increased risk of hot flushes and

venous thromboembolism20,21.

In postmenopausal women with low bone mineral density,

improvements in BMD and markers of bone turnover were

substantially greater during treatment with alendronate com-

pared to raloxifene6. These results were also supported by sev-

eral prospective randomized studies7. 

Treatment linked to BMD increase is well-known feature

of bisphosphonates. The impact of bisphosphonates on BMD

is greater than raloxifene and BMD changes do not indicate

objective reduction of vertebral fracture risk. In fact, one study

with raloxifene has demonstrated that the change (suppres-

sion) of markers is a better predictor of fracture prevention

than a change (increase) in BMD.  However, an effect on non-

vertebral fracture risk of raloxifene is another controversial

issue22. 

The major drawback to raloxifene is the potential to aggra-

vate hot flashes in some women and the slight but statistically

significant increase in venous thromboembolism of similar

magnitude to estrogen23.

Compliance of anti-resorptive agents is often low. Despite

of lower side effect rate, raloxifene had lower duration of con-

tinuous therapy than bisphosphonates24. Drug tolerability and

side effects following the ingestion of raloxifene is better than

bisphosphonate as shown in this study. The side effects, which

may lead to patient giving up on the bisphosphonate treat-
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ment, are lower than previous studies25. 

In conclusion, as a member of bisphosphonates family,

alendronate has better effect on BMD than risedronate and

raloxifene. In addition, side effects, which caused to cessation

therapy, were lower than previously reported articles.

However effects of alendronate, risedronate and, raloxifene on

fracture prevention was not determined properly due to short

follow-up period.

References

1. Osteoporosis prevention, diagnosis, and treatment of
osteoporosis therapy. NIH Consensus  Statement. 2000;
17:1–36.Available at:http://consensus.nih.gov/cons/111/
111_statement.htm

2. Cummings SR, Rubin SM, Black D. The future of hip frac-
tures in the United States: Numbers, costs and potential
effects of postmenopausal estrogen. Clin. Orthop. Rel.
Res. 1990; 252:163–166

3. Keene,GS, Parker MJ, Pryor GA. Mortality and morbidity
after hip fractures. Br. Med. J. 1993;  307: 1248 –1250

4. Fleisch, H .Bisphosphonates: mechanisms of action.
Endocr Rev1998; 19: 80–100

5. Mitlak BH, Cohen FJ. Selective estrogen receptor modula-
tors: a look ahead. Drugs,  1998; 57: 653–663

6. Sambrook PN, Geusens P, Ribot C, Soliman JA, Ferrer-
Barriendos J, Gaines K, Verbruggen N, Melton ME.
Alendronate produces greater effects than raloxifene on
bone density and bone turnover in postmenopausal women
with low bone density: results of EFFECT (EFficacy of
FOSAMAX_versus EVISTA_ Comparison Trial)
International. J. Intern. Med. 2004; 255: 503–511

7. Luckey M, Kagan R, Greenspan S, Bone H, Kiel R.
Douglas P, Simon J, Sackarowitz RN, Palmisano J, Chen
E, Petruschke RA, Papp AE. Once-weekly alendronate 70
mg and raloxifene 60 mg daily in the treatment of post-
menopausal osteoporosis. Menopause, 2004; 11: 405-415

8. Ammann P, Rizzoli R. Bone strength and its determinants.
Osteoporos Int, 2003; 14(Suppl 3): S13–18

9. Balena R, Toolan BC, Shea M, Markatos A., Myers ER,
Lee SC, Opas EE, Seedor JG, Klein H, Frankenfield D.
The effects of 2-year treatment with the aminobisphospho-
nate alendronate on bone metabolism, bone histomor-
phometry, and bone strength in ovariectomized nonhuman
primates. J Clin Invest 1993; 92: 2577–2586

10. Hochberg MC, Ross PD, Black D, Cummings SR, Genant
HK, Nevitt MC, Barret-Connor E, Musliner T, Thompson
D. Larger increases in bone mineral density during alen-
dronate therapy are associated with a lower risk of new
vertebral fractures in women with postmenopausal osteo-
porosis. Fracture Intervention Trial Research Group.
Arthritis Rheum,  1999: 42: 1246–1254

11. Black DM, Cummings SR, Karpf DB,  Cauley J A,
Thompson DE, Nevitt MC, Bauer DC, Genant HK,
Haskell WL, Marcus R, Ott SM, Torner JC, Quandt SA,
Reiss TF, Ensrud KE. Randomized trial of effect of alen-
dronate on risk of fracture in women with existing verte-
bral fractures. Fracture Intervention Trial Research Group.
Lancet, 1996; 348: 1535–1541

12. Cummings SR, Black DM, Thompson DE, Applegate WB,
Barrett-Connor E, Musliner TA, Palermo L, Prineas R,
Rubin SM, Scott JC, Vogt T, Wallace R, Yates AJ, LaCroix
AZ. Effect of alendronate on risk of fracture in women
with low bone density but without vertebral fractures:
results from the Fracture Intervention Trial. JAMA, 1998;
280: 2077–2082

13. Black DM, Thompson DE, Bauer DC, Ensrud K, Musliner
T, Hochberq MC, Nevitt  MC, Suryawanshi S, Cumminqs
SR, Fracture Intervention Trial. Fracture risk reduction
with alendronate in women with osteoporosis: the Fracture
Intervention Trial. FIT Research Group. J. Clin.
Endocrinol. Metab. 2000; 85: 4118–4124

14. Cranney A, Wells G, Willan A, Griffith L, Zytaruk N,
Robinson, V, Black D, Adachi J, Shea B., Tugwell P,
Guyatt G. Osteoporosis Methodology Group and The
Osteoporosis Research Advisory Group. Meta-analyses of
therapies for postmenopausal osteoporosis. II. Meta-analy-
sis of alendronate for the treatment of postmenopausal
women. Endocr. Rev, 2002; 23: 508–516

15. Papapoulos SE, Quandt SA, Liberman UA, Hochberg MC,
Thompson DE. Meta-analysis of the efficacy of alen-
dronate for the prevention of hip fractures in post-
menopausal women. Osteoporos Int. 2005; 16: 468-474

16. Reginster J, Minne HW, Sorensen OH, Hooper M, Roux
C, Brandi ML, Lund B, Ethgen D, Pack S, Roumagnac I,
Eastell R. Randomized trial of the effects of risedronate on
vertebral fractures in women with established post-
menopausal osteoporosis. Vertebral Efficacy with
Risedronate Therapy (VERT) Study Group. Osteoporos
Int. 2000; 11: 83–91

17. Harris ST, Watts NB, Genant HK, McKeever CD,
Hangartner T, Keller M, Chesnut C. H 3rd, Brown J,
Eriksen F, Hoseyni MS, Axelrod DW, Miller PD.  Effects
of risedronate treatment on vertebral and nonvertebral
fractures in women with postmenopausal osteoporosis: a
randomized controlled trial. Vertebral Efficacy With
Risedronate Therapy (VERT) Study Group. JAMA,  1999;
8:, 1344–1352

18. McClung MR, Geusens P, Miller PD, Zippel H, Bensen
WG, Roux C, Adami S, Fogelman I, Diamond T, Eastell R,
Meunier PJ, Reginster JY. Hip Intervention Program Study
Group. Effect of risedronate on the risk of hip fracture in
elderly women. Hip Intervention Program Study Group.
N. Engl. J. Med. 2001; 344: 333–340

19. Ettinger B, Black DM, Mitlak BH, Knickerbocker RK,

56 Öktem et al.



Nickelsen T, Genant HK, Christianse, C, Delmas PD,
Zanchetta JR, Stakkestad J, Gluer CC, Krueger K.Cohen
FJ, Eckert S, Ensrud KE, Avioli LV, Lips P, Cummings, S.
R. For the Multiple Outcomes of Raloxifene Evaluation
(MORE) Investigators. Reduction of vertebral fracture risk
in postmenopausal women with osteoporosis treated with
raloxifene: Results from a 3-year randomized clinical trial.
JAMA,1999; 282: 637-645

20. Advisory Council of the Osteoporosis Society of Canada.
Clinical  practice guidelines for the diagnosis and manage-
ment of osteoporosis in Canada CMAJ, 2002;
167(Supp110): 51-534

21. Heinemann DF. Osteoporosis. An overview of the
National Osteoporosis Foundation clinical practice guide.

Geriatrics, 2000; 55: 31-36

22. Epstein S. Update of current therapeutic options for the
treatment of postmenopausal osteoprosis. Clin. Ther.,
2006; 28, 151-173

23. Kleerekoper M. Treatment of osteoporosis. Clin. Obstet.
Gynecol., 2004; 47: 413-423

24. McCombs JS, Thiebaud P, McLaughlin-Miley C, Shi J.
Compliance with drug therapies for the treatment and pre-
vention of osteoporosis. Maturitas,  2004; 48; 271-287

25. van Beests P, Goettsch WG, Erkens JA, Herings RM.
Determinants of persistence with bisphosphonates: study
women with postmenopausal osteoporosis. Clin. Ther.
2005; 28; 236-242

Gynecology Obstetrics & Reproductive Medicine 2007;13:1  52-57   57




