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DEFINIZIONE	
  OSTEOPOROSI	
  

Osteoporosis	
  Is	
  a	
  Common	
  Disease	
  	
  
with	
  Increased	
  Fracture	
  Risk	
  Across	
  the	
  EnHre	
  Skeleton	
  	
  

•  Compromised	
  bone	
  strength	
  predispose	
  persons	
  to	
  
increased	
  risk	
  of	
  fracture	
  

•  Bone	
  strength	
  reflects	
  the	
  integra3on	
  of	
  bone	
  
density	
  and	
  bone	
  quality	
  	
  

Normal	
  

“Osteoporosis	
  is	
  one	
  of	
  the	
  most	
  common	
  and	
  debilita3ng	
  
chronic	
  diseases,	
  and	
  a	
  global	
  healthcare	
  problem.”	
  

Interna3onal	
  Osteoporosis	
  Founda3on	
  
Osteoporosis	
  

“Osteoporosis	
  has	
  financial,	
  physical,	
  and	
  psychosocial	
  
consequences,	
  all	
  of	
  which	
  significantly	
  affect	
  the	
  individual,	
  the	
  
family,	
  and	
  the	
  community.”	
  

NIH	
  Consensus	
  Statement	
  

Defini3on	
  of	
  osteoporosis:	
  

Boyle	
  WJ,	
  et	
  al.	
  Nature	
  2003;423:	
  337-­‐342;	
  
NIH	
  Consensus	
  Development	
  Panel.	
  JAMA.	
  2001;285:	
  785-­‐795.	
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RISCHIO	
  FRATTURATIVO	
  

BMD	
  and	
  Age	
  Are	
  Independent	
  Risk	
  Factors	
  for	
  Fracture	
  

Kanis	
  JA,	
  et	
  al.	
  Osteoporos	
  Int	
  2001;12:989-­‐995.	
  Kanis	
  JA,	
  et	
  al.	
  Osteoporos	
  Int	
  2001;12:417-­‐427.	
  	
  
Kanis	
  JA,	
  et	
  al.	
  Osteoporos	
  Int	
  2005;16:581-­‐589.	
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INCIDENZA DI FRATTURE OSTEOPOROTICHE 

Figure 2   Incidence of osteoporotic fractures. 

Richard  Eastell 
Identification and management of osteoporosis in older adults 
Medicine Volume 41, Issue 1 2013 47 - 52 
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OsteoporoHc	
  Fracture	
  Incidence	
  in	
  Europe	
  	
  

1.	
  Johnell	
  O	
  and	
  Kanis	
  JA.	
  Osteoporos	
  Int	
  2006;17:1726-­‐1733.	
  	
  
2.	
  European	
  Commission.	
  Report	
  on	
  osteoporosis	
  in	
  the	
  European	
  
Community-­‐ac3on	
  for	
  preven3on,	
  1998.	
  

Fractures	
  by	
  sites	
  in	
  women	
  (EU	
  2000)1	
  
	
  

Other	
  
30%	
  

Hip	
  
21%	
  

Spine	
  
16%	
  

Forearm	
  
24%	
  

Humerus	
  
9%	
  

Italia	
  80.800	
  ricoveri/anno	
  (2002)	
  per	
  fra]ura	
  
di	
  femore	
  in	
  sogge^	
  >	
  65	
  aa	
  

Mediterranean	
  Osteoporosis	
  
Study	
  (MEDOS):	
  

	
  	
  

  1	
  fra]ura	
  ogni	
  30	
  secondi	
  in	
  Europa	
  

  500.000	
  nuovi	
  casi/anno	
  in	
  Europa	
  

  Circa	
  40.000	
  nuovi	
  casi/anno	
  in	
  Italia	
  

Handoll H. Clinical Evidence, 2004 
Cummings SR, Melton LJI. Epidemiology and Outcome of 
Osteoporotic 2002 

Proiezione	
  ISTAT:	
  	
  	
  	
  prima	
  fra]ura	
  di	
  femore	
  associata	
  ad	
  osteoporosi	
  
2012	
  =	
  45.056	
  casi	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2017	
  =	
  48.115	
  casi	
  

+	
  6.8%	
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CosH	
  Dire^	
  =	
  Ospedalizzazione	
  
	
  568	
  milioni	
  di	
  euro/anno	
  =	
  costo	
  giornaliero	
  di	
  

	
  ospedalizzazione,	
  spese	
  presidi	
  e	
  diagnosHci,	
  

	
  costo	
  del	
  personale,	
  costo	
  sala	
  operatoria,	
  

	
  materiali	
  ecc.	
  

CosH	
   Indire^	
   (difficilmente	
   quanHficabili):	
  
comparsa	
   d i	
   pato log i e	
   a s soc i a te	
  
permanenH,	
   modificazione	
   stabile	
   dello	
  
stato	
   funzionale	
   del	
   paziente,	
   eventuale	
  
isHtuzionalizzazione.	
  
	
   sanitari	
   e	
   sociali	
   :	
   raddoppiano	
   nell’anno	
  
successivo	
  all’intervento	
  (fisioterapia,	
  visite	
  
specialisHche,	
   terapie	
   mediche,	
   invalidità	
  
ecc.)	
  	
  

	
  

	
  

COSTI	
  TOTALI	
  FRATTURE	
  FEMORE	
  IN	
  ITALIA	
  	
  

Costo	
  singola	
  fra]ura	
  :	
  13.576	
  Euro	
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MORTALITA’ e DISABILITA’ 

MORTALITA’	
  
  5%	
  in	
  acuto	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
  25%	
  ad	
  un	
  anno	
  (sovrapponibile	
  al	
  Ca	
  mammario)	
  
	
  

DISABILITA’	
  
 	
  20%	
  perde	
  l’autonomia	
  nelle	
  ADL	
  
 	
  50%	
  perde	
  l’autonomia	
  nel	
  cammino	
  
 	
  Nei	
  casi	
  di	
  invalidità	
  permanente	
  circa	
  il	
  	
  
	
  	
  	
  20-­‐25%	
  dei	
  pazienH	
  viene	
  isHtuzionalizzato	
  

Rosell	
  PAE.	
  Func3onal	
  Outcome	
  afer	
  Hip	
  Fracture	
  Injury,	
  2003	
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DETERMINANTI	
  DEL	
  RISCHIO	
  DI	
  FRATTURA	
  

•  Funzione	
  neuromuscolare	
  
•  Faiori	
  di	
  rischio	
  ambientali	
  

•  Tempo	
  di	
  esposizione	
  ai	
  faiori	
  
di	
  rischio	
  ambientali	
  

•  Tipo	
  di	
  caduta	
  
•  Risposte	
  prote*ve	
  

•  Assorbimento	
  dell’energia	
  

•  Massa	
  ossea	
  
•  Geometria	
  dell’osso	
  

•  Qualità	
  della	
  vita	
  

RISCHIO	
  DI	
  CADUTA	
  

FORZA	
  DI	
  IMPATTO	
  

RESISTENZA	
  OSSEA	
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PREVENZIONE	
  DELLE	
  FRATTURE	
  

TERAPIA	
  NON	
  FARMACOLOGICA	
  
-­‐ Valutazione	
  del	
  rischio	
  di	
  caduta	
  e	
  prevenzione	
  
-­‐ A*vità	
  fisica	
  
-­‐ Proteiori	
  di	
  femore	
  

TERAPIA	
  FARMACOLOGICA	
  
-­‐  Calcio	
  e	
  vitamina	
  D	
  
-­‐  Bisfosfona3	
  
-­‐  Ranelato	
  di	
  Stronzio	
  
-­‐  Teripara3de	
  
-­‐  Raloxifene	
  
-­‐  Denosumab	
  

CAUSE	
  DI	
  CADUTA	
  NELL’ANZIANO	
  
-­‐ Accidentali/correlate	
  all’ambiente	
  
-­‐ Turbe	
  di	
  equilibrio/andatura	
  o	
  debolezza	
  
muscolare	
  
-­‐ Ver3gine	
  
-­‐ Drop	
  aiack	
  
-­‐ Stato	
  confusionale	
  
-­‐ Ipotensione	
  posturale	
  
-­‐ Deficit	
  visivi	
  
-­‐ Sincope	
  	
  
-­‐ Farmaci	
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Ruolo	
  delle	
  terapie	
  

Table 3
Prescription osteoporosis prevention and treatment options approved by the Food and Drug Administration, and estimates of associated reduction in
fracture risk

Recommended Use for Osteoporosis Effect on Fracture Risk

DosingPrevention
Treatment
in Women

Treatment
in Men Vertebral Nonvertebral Hip

Antiresorptive Agents

Bisphosponates

Alendronate (Fosamax)73,74 O O O O O O 70 mg oral weekly

Ibandronate (Boniva)75,76 O O — O — — 150 mg oral monthly
3 mg IV every 3 mo

Risedronate (Actonel,
Atelvia)77,78

O O O O O O 35 mg oral weekly (Actonel, Atelvia)
75 mg oral 2 consecutive days each month
(Actonel only)

150 mg oral monthly (Actonel only)

Zolendronic acid (Reclast)64,79 O O O O O O 5 mg IV yearly

Denosumab (Prolia)80,81 — O O O O O 60 mg SQ every 6 mo

Calcitonin (Miacalcin,
Fortical)82,83

— O — O — — 200 IU intranasally daily

Raloxifene (Evista)84,85 O O — O — — 60 mg oral daily

Anabolic Agent

Teriparatide (Forteo)86,87 — O O O O — 20 mg SQ daily

Abbreviations: IV, intravenous; SQ, subcutaneous.

W
arrin

er
&

Saag
1
3
0

Warriner and Saag, Orthop Clin N Am 44 (2013) 125-135 
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VITAMINA	
  D	
  E	
  CALCIO	
  

Boonen	
  S	
  et	
  al.	
  JCEM	
  2007;92:1415-­‐1423	
  

	
  Forest	
  plot	
  comparing	
  the	
  risk	
  of	
  hip	
  fracture	
  between	
  
vitamin	
  D	
  and	
  calcium	
  and	
  placebo/no-­‐treatment	
  groups.	
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BOLI	
  AD	
  ALTE	
  DOSI	
  DI	
  VITAMINA	
  D	
  

The frequency of falls among women
who sustained a fracture did not differ
between groups with a median of 2
falls (interquartile range [IQR], 1-4)
throughout the study course.

Temporal Effect of Annual Dose
The incidence RR of falls in the vitamin
D group was 1.31 in the first 3 months
(95% CI, 1.12-1.54) following dosing,
but only 1.13 (95% CI, 0.99-1.29) dur-
ing the remaining 9 months of the year
(P value for homogeneity=.02; TABLE 4).
The temporal pattern of excess falls was
observed each year except the first year.

Although not statistically signifi-
cant, the temporal pattern observed in
falls was also observed in fractures
(Table 3). The vitamin D fracture in-
cidence RR compared with the pla-
cebo group was 1.53 (95% CI, 0.95-
2.46) in the first 3 months after dosing
and 1.18 (95% CI, 0.91-1.54) during the
following 9 months.

Calcium Intake
and Questionnaire Data
The proportion of participants with cal-
cium intake of less than 800 mg/d de-
creased from 33% at baseline to 27%
over the subsequent annual assess-
ments, whereas the proportion con-
suming 1100 mg or more increased
from 40% to 46%. There was no differ-
ence between the groups in the catego-
ries of calcium intake (Table 1). The
median daily calcium intake was 976
mg (IQR, 691-1311 mg).

Theincreasedriskofbothfallsandfrac-
tures in the vitamin D group did not
changeafteradjustingforbaselinecalcium
intake. The overall calcium-adjusted
incidenceRRof fallingwas1.16(95%CI,
1.03-1-31); for fracture, 1.25 (95% CI,
0.99-1-58; Table 3) in the vitamin D
group. The groups had a similar propor-
tion of falls occurring during active be-
havior (79% vs 81%, respectively).

Biochemistry Substudy
Ninety-one percent (137 of 150) of
those invited to participate in the bio-
chemistry substudy consented. Base-
line samples were collected from 133
participants, 75 from the vitamin D

group and 58 from the placebo group.
One sample from each group was ex-
cluded because 25-hydroxycholecal-
ciferol levels of 123 nmol/L and 115
nmol/L suggested that the women were
taking more than 400 IU vitamin D
supplementation per day.

At baseline, the median 25-hydroxy-
cholecalciferol level was 49 nmol/L
(IQR, 40-63; normal lower limit, !50
nmol/L). Less than 3% of the sub-
study participants had 25-hydroxycho-
lecalciferol levels lower than 25 nmol/L.
The 25-hydroxycholecalciferol and
PTH levels did not differ between the
groups (Table 1). Approximately half
of the substudy participants had 25-
hydroxycholecalciferol levels of 50
nmol/L or lower (vitamin D, 45.9% vs
61.4%, placebo) but less than 5% had
levels of 25 nmol/L or lower (vitamin
D, 4.0% vs 3.5%, placebo).

In each year of the study, samples
were obtained 12 months after dose

(ie, just prior to the second through
fifth annual dose administrations and
at study completion). There was a
marked increase in 25-hydroxy-
cholecalciferol levels in the vitamin D
group with some evidence of this
increase trailing off toward the end of
the trial. The median 25-hydroxy-
cholecalciferol levels 12 months after
dose in the vitamin D group ranged
from 55 nmol/L to 74 nmol/L over the
5 intervals with individual values
ranging from 25 nmol/L to 120
nmol/L (FIGURE 3). The medians and
IQRs of the PTH levels remained
stable 12 months after dosing.

In 2006 and 2007, samples were col-
lected at 1 and 3 months after dose in
102 (74%) of the substudy partici-
pants. The median 25-hydroxychole-
calciferol level in the vitamin D group
1 month after dose was slightly
more than 120 nmol/L with 82% at
100 nmol/L or higher and 24% at

Figure 2. Kaplan-Meier Plots of Cumulative Incidence of Time to First Fracture and First Fall
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This analysis censors data after first fall or fracture. Time to first fracture and fall was analyzed using Cox pro-
portional hazards models. CI indicates confidence intervals; HR, hazard ratio.

Table 4. Temporal Pattern of Risk in Falls and Fracture 0 to 3 Months and 4 to 12 Months
After Treatment

Incidence Rate Ratio for Vitamin D Group,
Estimate (95% Confidence Interval)a P Value

Time after treatment, mo
Falls

Within 3 1.31 (1.12-1.54) .001
After 3 1.13 (0.99-1.29) .08

Fracture
Within 3 1.53 (0.95-2.46) .08
After 3 1.18 (0.91-1.54) .21

aThe incidence rate ratio refers to the risk ratio of the vitamin D group compared with the placebo group. The rate ratio
within 3 months after treatment is significantly different from the rate ratio of the remaining 9 months after treatment
for falls (P=.02) but not for fracture (P= .36).
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150 nmol/L or higher (FIGURE 4). By
3 months, the after-dose median 25-
hydroxycholecalciferol levels de-
creased to approximately 90 nmol/L in
the vitamin D group.

Adverse Events
A similar number of participants in each
group reported at least 1 adverse event:
19.7% in the vitamin D and 17.8% in
the placebo group. The most common
adverse events were injury including
fracture—15.2% (172 of 1131) of
women taking vitamin D vs 12.1% (136
of 1125) taking placebo (P = .03)—
and cardiovascular events—1.5% (171
of 1131) vs 1.2% (13 of 1125), respec-
tively. Seven women (0.6%) in the vi-
tamin D group vs 10 (0.9%) in the pla-
cebo group were diagnosed with cancer.

Serious adverse events (Interna-
tional Conference on Harmonization/
WHO Good Clinical Practice defini-
tion including hospitalization or death)
did not differ significantly: 244 among
women taking vitamin D vs 207 women
taking placebo (P=.06). Eighty-seven
participants died during the study, 40
taking vitamin D vs 47 taking pla-
cebo. None of the serious adverse events

were considered related to study medi-
cation.

COMMENT
Contrary to our hypothesis, partici-
pants receiving annual high-dose oral
cholecalciferol experienced 15% more
falls and 26% more fractures than the
placebo group. Women not only expe-
rienced excess fractures after more fre-
quent falls but also experienced more
fractures that were not associated with
a fall. A post hoc analysis found that the
increased likelihood of falls in the vi-
tamin D group was exacerbated in the
3-month period immediately follow-
ing the annual dose and a similar tem-
poral trend was observed for frac-
tures. An increased risk (albeit, not
significant because of smaller num-
bers) of falls and fracture in the vita-
min D group was apparent for each year
of the intervention. The results were
similar after adjustment for baseline cal-
cium intake; age was not included in
the models because its inclusion did not
affect the model estimates.

Data from the substudy indicate that
the participants had intermediate 25-hy-
droxycholecalciferol levels at baseline,
typical of community-dwelling older
womenoftheregion25 andtypicalofolder
women in Northern Europe and North
America.33 The intervention effectively
increased background 25-hydroxycho-
lecalciferol levels. Predictably, the lev-
els increased substantially 1 month after
dosing and thereafter declined toward
baseline but remaining on average 41%
higher than levels in the placebo group
at 12 months. The pattern is consistent
with serial measurements done in older
New Zealanders supplemented with
500 000 IU cholecalciferol.34

Only 1 other study has reported an in-
crease in fracture associated with vita-
min D treatment.8 Participants (4354
men, 5086 women) 75 years or older re-
ceived an annual injection of 300 000 IU
vitamin D2 as ergocalciferol or placebo.
In men, treatment had no effect on frac-
tures. However women treated with vi-
tamin D had increased risk of nonver-
tebral (HR, 1.21), hip/femur (HR, 1.80),
and hip/femur/wrist/forearm fractures

Figure 4. Serum 25-Hydroxycholecalciferol Levels Before Dose, and at 1, 3, and 12 Months
After Dose
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The points refer to the median level of 25-hydroxycholecalciferol at the time of blood sampling and the error
bars represent the interquartile range. These 7 blood sampling time points took place in 2006, 2007, and 2008,
and refer to the biochemistry substudy participants.

Figure 3. Serum 25-Hydroxycholecalciferol
Levels at Baseline and 12 Months After Dose
for Each Year of the Intervention
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Serum 25-hydroxycholecalciferol levels in the vita-
min D group differ from those of the placebo group
at all 12-month assessments after dose (P! .05). The
medians are shown as the horizontal bar within the
rectangle and the interquartile range as the ends of
the rectangle. The 5th and 95th percentiles are shown
as lines (whiskers), and the closed circles represent out-
liers. The proportion of biochemistry substudy par-
ticipants categorized into 25-hydroxycholecalciferol sta-
tus is (vitamin D group, n=74 vs placebo group, n=57,
respectively) 25 nmol/L or less: 4% vs 3.5%; 26 to
50 nmol/L: 41.9% vs 57.9%; 51 to 74 nmol/L: 44.5%
vs 33.3%; 75 nmol/L or higher: 9.5% vs 5.3%. To
convert 25-hydroxycholecalciferol from nmol/L to ng/
mL, divide by 2.496.
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THE RESULTS OF RANDOMIZED
controlled trials investigating
the effects of cholecalciferol
(vitamin D) supplementation

on falls and fractures have been incon-
sistent.1-13 Some meta-analyses con-
clude that 700 to 800 IU of vitamin D
daily reduces fracture risk by 13% to
26%,14-18 whereas others conclude that
vitamin D is ineffective. A Cochrane
analysis19 and the Vitamin D Indi-
vidual Patient Analysis of Random-
ized Trials (DIPART) group,20 pub-
lished after this study commenced,
showed a nonstatistically significant in-
crease in hip fracture risk associated
with vitamin D supplementation.19-21

Studies have observed those living in
long-term care facilities as having
greater fracture risk reduction than
community-dwelling elders. Simi-
larly, fewer fractures were observed in
participants whose study treatment was
coadministered with calcium.4,5,16,22 Fur-
thermore, many studies have found
treatment adherence to be low1,2,6 and
fracture risk reduction was greater
among adherent than nonadherent pa-

For editorial comment see p 1861.
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Context Improving vitamin D status may be an important modifiable risk factor to re-
duce falls and fractures; however, adherence to daily supplementation is typically poor.

Objective To determine whether a single annual dose of 500 000 IU of cholecalcif-
erol administered orally to older women in autumn or winter would improve adher-
ence and reduce the risk of falls and fracture.

Design, Setting, and Participants A double-blind, placebo-controlled trial of 2256
community-dwelling women, aged 70 years or older, considered to be at high risk of
fracture were recruited from June 2003 to June 2005 and were randomly assigned to
receive cholecalciferol or placebo each autumn to winter for 3 to 5 years. The study
concluded in 2008.

Intervention 500 000 IU of cholecalciferol or placebo.

Main Outcome Measures Falls and fractures were ascertained using monthly cal-
endars; details were confirmed by telephone interview. Fractures were radiologically
confirmed. In a substudy, 137 randomly selected participants underwent serial blood
sampling for 25-hydroxycholecalciferol and parathyroid hormone levels.

Results Women in the cholecalciferol (vitamin D) group had 171 fractures vs 135 in
the placebo group; 837 women in the vitamin D group fell 2892 times (rate, 83.4 per
100 person-years) while 769 women in the placebo group fell 2512 times (rate, 72.7
per 100 person-years; incidence rate ratio [RR], 1.15; 95% confidence interval [CI],
1.02-1.30; P=.03). The incidence RR for fracture in the vitamin D group was 1.26
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vitamin D vs 3.9 placebo). A temporal pattern was observed in a post hoc analysis of
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in the first 3 months after dosing and 1.13 during the following 9 months (test for
homogeneity; P = .02). In the substudy, the median baseline serum 25-
hydroxycholecalciferol was 49 nmol/L. Less than 3% of the substudy participants had
25-hydroxycholecalciferol levels lower than 25 nmol/L. In the vitamin D group, 25-
hydroxycholecalciferol levels increased at 1 month after dosing to approximately 120
nmol/L, were approximately 90 nmol/L at 3 months, and remained higher than the
placebo group 12 months after dosing.

Conclusion Among older community-dwelling women, annual oral administration
of high-dose cholecalciferol resulted in an increased risk of falls and fractures.
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THE RESULTS OF RANDOMIZED
controlled trials investigating
the effects of cholecalciferol
(vitamin D) supplementation

on falls and fractures have been incon-
sistent.1-13 Some meta-analyses con-
clude that 700 to 800 IU of vitamin D
daily reduces fracture risk by 13% to
26%,14-18 whereas others conclude that
vitamin D is ineffective. A Cochrane
analysis19 and the Vitamin D Indi-
vidual Patient Analysis of Random-
ized Trials (DIPART) group,20 pub-
lished after this study commenced,
showed a nonstatistically significant in-
crease in hip fracture risk associated
with vitamin D supplementation.19-21

Studies have observed those living in
long-term care facilities as having
greater fracture risk reduction than
community-dwelling elders. Simi-
larly, fewer fractures were observed in
participants whose study treatment was
coadministered with calcium.4,5,16,22 Fur-
thermore, many studies have found
treatment adherence to be low1,2,6 and
fracture risk reduction was greater
among adherent than nonadherent pa-
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Safety and Efficacy of Risedronate in Reducing Fracture Risk in
Osteoporotic Women Aged 80 and Older: Implications for the Use
of Antiresorptive Agents in the Old and Oldest Old
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OBJECTIVES: To determine the efficacy of risedronate in
reducing vertebral fracture risk in women aged 80 and older
with osteoporosis.

DESIGN: Pooled analysis of data from three randomized,
double-blind, controlled, 3-year-fracture-endpoint trials
conducted from November 1993 to April 1998: Hip Inter-
vention Program (HIP), Vertebral Efficacy with Risedronate
TherapyFMultinational (VERT-MN), and VERT-North
America (NA).

SETTING: Office-based practices, research centers, and
osteoporosis clinics in Europe, North America, and Aus-
tralia.

PARTICIPANTS: Osteoporotic (femoral neck bone min-
eral density T-scoreo ! 2.5 standard deviations or at least
one prevalent vertebral fracture) women aged 80 and older.

INTERVENTION: Patients received placebo (n5 688) or
risedronate 5mg/d (n5704) for up to 3 years. All patients
received 1,000mg/d calcium and, if baseline levels were
low, up to 500 IU/d vitamin D.

MEASUREMENTS: Cumulative incidence of new verte-
bral fractures.

RESULTS: After 1 year, the risk of new vertebral fractures
in the risedronate group was 81% lower than with placebo

(95% confidence interval560–91%; Po.001). The num-
ber of women who needed to be treated to prevent one new
vertebral fracture after 1 year was 12. This early onset of
efficacywas consistent across the clinical programs, and anti-
fracture efficacy was confirmed over 3 years. Risedronate
was well tolerated, with a safety profile comparable with
that of placebo.

CONCLUSION: These findings provide the first evidence
that, even in the very old, reducing bone resorption rate
remains an effective treatment strategy for osteoporosis.
Because each therapeutic agent used for the treatment of
osteoporosis may have unique characteristics, the observa-
tions made in this study should not be assumed to apply to
other bisphosphonates. J Am Geriatr Soc 52:1832–1839,
2004.

Key words: postmenopausal osteoporosis; risedronate;
fractures; aged; aged 80 and older

Vertebral fractures are the most common serious com-
plication of osteoporosis, and their incidence increases

steadily with age.1–5 The prevalence of vertebral deform-
ities, which is 5% to 10% in women aged 50 to 54, in-
creases to about 45% to 55% in women aged 80 to 89.1,6

Because the elderly are the fastest-growing segment of the
population, the number of individuals affected with verte-
bral fractures can be expected to increase dramatically in
coming decades.

Although hip fractures are considered to be the most
severe and economically important osteoporotic fracture,7

vertebral fractures also lead to adverse health outcomes,
including back pain,8,9 height loss,8 and kyphosis.10 These
changes may result in significant declines in physical per-
formance and function and ultimately loss of independ-
ence.11,12 Vertebral fractures frequently require hospital-
ization or prolongation of hospital stays, particularly in
elderly individuals.13–15 Each additional vertebral fracture
leads to further functional limitation9,16 and substantially
increases the risk of additional vertebral and hip frac-
tures.17–21 Vertebral fractures are even associated with
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Within- and between-treatment group differences in BMD
were investigated using parametric statistics.

Adverse events, withdrawals, deaths, and upper gas-
trointestinal (GI) symptoms were summarized by treat-
ment group. Differences in the proportions of patients be-
tween the treatment groups were tested using the Fisher
exact test.

All statistical analyses were performed using SAS statis-
tical software, version 8.02 (SAS Institute, Inc., Cary, NC).

RESULTS

Patients

Of the 8,680 patients from the intent-to-treat populations
of the VERT and HIP studies, 6,126 (71%) met the criteria
for osteoporosis (i.e., femoral neck T-score !" 2.5 SD
or !1 prevalent vertebral fractures). A total of 1,392 pa-
tients were included in the analysis of patients aged 80 and
older. Within this population of elderly patients, the treat-
ment groups were comparable at baseline with respect to
demographic and disease characteristics and concomitant
use of NSAIDs or aspirin and H2-RAs or PPIs (P4.13)

(Table 140). At baseline, 212 of 1,338 (16%) patients were
considered to have low vitamin D levels. At 6months, of the
153 patients who had low vitamin D levels at baseline and
for whom 6-month data were available, vitamin D levels
had normalized in 122 (80%).

Comparison of this group of very old patients with
patients younger than 80 showed that the older patients
were significantly shorter, weighed significantly less, had
significantly lower BMD, and had a significantly greater
frequency of prevalent vertebral fractures (Table 2). In ad-
dition, patients aged 80 and older were at greater risk for
comorbidities than patients younger than 80, including ac-
tive GI tract disease (relative risk (RR)51.1, 95% confi-
dence interval (CI)51.0–1.2; P5.003), cataract (RR5
1.7, 95% CI51.6–1.9; Po.001), cardiovascular dysrhyt-
hmia (RR51.7, 95% CI51.3–2.1; P o.001), and glau-
coma (RR51.8, 95% CI51.4–2.3; Po001) (Table 2).

Antifracture Efficacy

In patients aged 80 and older, after 1 year, the incidence of
new vertebral fractures was 2.5% in the risedronate 5mg
group, compared with 10.9% in the placebo group. This
represents a reduction in the risk of fractures in the rise-
dronate 5mg group of 81% versus control (HR50.19,
95%CI50.09–0.40; Po.001) (Figure 1). After 3 years, the
incidence of new vertebral fractures was 18.2% in the rise-
dronate 5mg group, compared with 24.6% in the placebo
group. This represents a reduction in the risk of fractures in
the risedronate 5mg group of 44% versus control
(HR50.56, 95% CI50.39–0.81; P5.003). After 1 and
3 years, the number-needed-to-treat values were 12 and 16,
respectively.

After 3 years, the incidence of osteoporosis-related
nonvertebral fractures in patients aged 80 and older in the
risedronate 5mg group (14%) was not significantly less
than that in the placebo group (16.2%) (P5.66).

Because of the discrepancy between the effects of treat-
ment on vertebral and nonvertebral fractures in the patients
aged 80 and older, supplementary efficacy analyses
were conducted in patients younger than 80 (mean
age # SD5 72.0 # 5.5; range 41–79) to further investigate
this difference. In patients younger than 80, risedronate
significantly reduced the risk of new vertebral fractures af-
ter 1 year (HR50.45,; 95% CI50.32–0.63; Po.001) and

Table 3. Median Percentage Change from Baseline in Bone Turnover Markers in Patients Treated with Placebo or Rise-
dronate 5 mg (Patients Aged 80 and Older)

Month

Deoxypyridinoline/Creatinine Alkaline Phosphatase

Placebo Risedronate 5 mg Placebo Risedronate 5 mg

%

1 " 9.06! " 27.41!w " 6.44! " 3.60
3 " 10.85 " 30.68!w " 10.09! " 24.24!w

6 " 10.14 " 30.87!w " 15.81! " 30.87!w

12 " 9.92 " 24.35!w " 15.33 " 33.06!w

36 3.05 " 20.54!w 0.00 " 25.00!w

! Significantly different from baseline, Po.05 (Wilcoxon signed-rank test).
w Significantly different from placebo, Po.01 (Wilcoxon rank sum test).
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Figure 1. Risk of new vertebral fracture during 1 year of treat-
ment with risedronate 5mg relative to the risk during treatment
with placebo in patients with osteoporosis (aged !80) in the
overall analysis population and in the Vertebral Efficacy with
Risedronate Therapy (VERT) and Hip Intervention Program
(HIP) trials. Bars represent 95% confidence intervals.
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3 years (HR50.61, 95% CI50.51–0.74; Po.001) and
nonvertebral osteoporosis-related fractures after 3 years
(HR50.79, 95% CI50.65–0.97; P5.025).

Effects on Bone Turnover and BMD

The changes from baseline in the risedronate 5mg group
were statistically significantly greater than those in the pla-
cebo group for urinary deoxypyridinoline/creatinine at 1
month and each subsequent time point (Po.01) and for
alkaline phosphatase at 3 months and each subsequent time
point (Po.001) (Table 3). In addition, the changes from
baseline in BMD in the risedronate 5mg group were sig-
nificantly greater than those in the placebo group as early as
6 months at the lumbar spine (Po.001), femoral neck
(Po.05), and femoral trochanter (Po.01).

Safety

The adverse event profiles of patients aged 80 and older
were similar in the two treatment groups (Table 4). The
incidences of esophagitis (placebo 1.3%; risedronate
1.7%), stomach ulcer (placebo 1.0%; risedronate 1.4%),
and duodenal ulcer (placebo 0.6%; risedronate 0.4%) were
low and similar between the two treatment groups. In fact,
the incidence of upper GI and serious upper GI adverse
events were similar in the two treatment groups even in
patients who had active GI tract disease at baseline, who
took concomitant aspirin or NSAIDs, and who took H2-
RAs or PPIs (Figure 2).

DISCUSSION

In this study in elderly women (aged !100) with os-
teoporosis, risedronate 5mg significantly reduced the risk
of new vertebral fractures over 1 and 3 years. The reduc-
tions in fracture risk in the risedronate-treated women were
seen within 1 year of treatment and were in addition to any
benefit experienced as a result of calcium and, if needed,
vitamin D supplementation, which has been shown to sig-
nificantly decrease the risk of osteoporotic fractures in older
individuals.32,33,41,42 The reductions in fracture risk in this
group of very old patients were consistent with those in the
overall populations of patients in the VERT and HIP stud-
ies, whose ages spanned a wide range.34–36 To the authors’
knowledge, this study is the first to document a benefit of
antiresorptive treatment in addition to that afforded by
calcium and vitamin D in a population of women aged 80
and older with osteoporosis.

These findings support the concept that reducing the
bone remodeling rate remains an effective osteoporosis
treatment strategy even in the oldest patients, although it
remains to be determined whether similar results would be
seen for other antiresorptives. The findings are particularly
relevant given the aging population. The prevalence of ver-
tebral deformities in women increases markedly between
the ages of 50 and 90, and epidemiological data suggest that

Table 4. Summary of Adverse Events in Patients Treated with Placebo or Risedronate 5 mg in the Vertebral Efficacy with
Risedronate Therapy and Hip Intervention Program Clinical Programs (Patients Aged 80 and Older)

Patients

Placebo Risedronate 5 mg
(n5 688) (n5 704)

n (%) P-value!

Patients with any adverse event 617 (89.7) 640 (90.9) .469
Patients withdrew due to adverse events 140 (20.3) 145 (20.6) .947
Patients died 49 (7.1) 40 (5.7) .276
Patients with any upper gastrointestinal adverse event 182 (26.5) 203 (28.8) .338
Patients with nauseaw 57 (8.3) 66 (9.4) .509
Patients with abdominal painw 53 (7.7) 58 (8.2) .767
Patients with dyspepsiaw 47 (6.8) 48 (6.8) 1.000
Patients with vomitingw 23 (3.3) 29 (4.1) .482
Patients with gastrointestinal disorderw 15 (2.2) 24 (3.4) .194
Patients with serious upper gastrointestinal adverse events 17 (2.5) 23 (3.3) .424

!P-value based on two-tailed Fisher exact test.
wAdverse events with an incidence of "2%.
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Figure 2. Incidence of any upper gastrointestinal (UGI) adverse
events and serious UGI adverse events associated with placebo
(black bars) or risedronate 5mg (white bars) treatment in all
patients aged 80 and older (overall) and in subgroups of patients
aged 80 and older who had active gastrointestinal (GI) disease,
who were using aspirin or nonsteroidal antiinflammatory drugs
(NSAIDs), or who were using histamine2-receptor antagonists
(H2-RAs) or proton pump inhibitors (PPIs).
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vertebral fracture after 1 year was 12. This early onset of
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Vertebral fractures are the most common serious com-
plication of osteoporosis, and their incidence increases

steadily with age.1–5 The prevalence of vertebral deform-
ities, which is 5% to 10% in women aged 50 to 54, in-
creases to about 45% to 55% in women aged 80 to 89.1,6

Because the elderly are the fastest-growing segment of the
population, the number of individuals affected with verte-
bral fractures can be expected to increase dramatically in
coming decades.

Although hip fractures are considered to be the most
severe and economically important osteoporotic fracture,7

vertebral fractures also lead to adverse health outcomes,
including back pain,8,9 height loss,8 and kyphosis.10 These
changes may result in significant declines in physical per-
formance and function and ultimately loss of independ-
ence.11,12 Vertebral fractures frequently require hospital-
ization or prolongation of hospital stays, particularly in
elderly individuals.13–15 Each additional vertebral fracture
leads to further functional limitation9,16 and substantially
increases the risk of additional vertebral and hip frac-
tures.17–21 Vertebral fractures are even associated with
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Figure 1.
Event rate of new fractures in patients receiving zoledronic acid (ZOL) 5 mg once yearly
and those receiving placebo at 1 and 3 years. *Hazard ratio (HR) (95% confidence interval)
of ZOL versus placebo computed from the Cox proportional hazards regression model
stratified according to study with treatment as a factor within the subgroup. †Event rate
calculated from Kaplan-Meier estimates.
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Safety and Efficacy of Teriparatide in Elderly Women with
Established Osteoporosis: Bone Anabolic Therapy from a
Geriatric Perspective
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(See editorial comments by Dr. Bruce R. Troen on pp 853–855)

OBJECTIVES: To assess the safety and efficacy of teri-
paratide in patients aged 75 and older and compare these
findings with those of women younger than 75 using data
from the Fracture Prevention Trial (FPT).

DESIGN: The FPTwas a randomized, multicenter, double-
blind, placebo-controlled study.

SETTING: The FPT multicenter international study.

PARTICIPANTS: Postmenopausal women aged 42 to 86
were randomized to placebo (N5544) or teriparatide
20 mg (N5541) by daily self-injection for a median of
19 months. Patients received daily oral supplements of
1,000 mg calcium and 400 to 1,200 IU vitamin D. For this
analysis, subgroups were defined according to patient age
younger than 75 (N5841) and 75 and older (N5244).

MEASUREMENTS: The effects of teriparatide on bone
mineral density (BMD) of the lumbar spine and femoral
neck; the incidence of new vertebral and new nonvertebral
fragility fractures; bone turnover markers, including bone-
specific alkaline phosphatase; and urinary deoxypyridino-
line corrected for creatinine clearance, as well as the safety
of teriparatide, were investigated.

RESULTS: There were no significant treatment-by-age in-
teractions for the bone turnover markers, femoral neck
BMD, vertebral fractures, nonvertebral fragility fractures,
height loss, hyperuricemia, or hypercalcemia. A significant
treatment-by-age interaction for lumbar spine BMD
(P5.08) was due to an increase in BMD observed in the

placebo group aged 75 and older. There were no treatment-
by-age interactions for important treatment-emergent ad-
verse events (TEAEs), including back pain, nausea, leg
cramps, and dizziness. The most important TEAEs in wom-
en aged 80 and older (23 patients from the placebo group
and 25 patients from the teriparatide group) were also re-
viewed; no unexpected TEAEs were found in the patients
treated with teriparatide. These results indicate that the
clinical effects of teriparatide were consistent in the older
and younger women.

CONCLUSION: Age does not affect the safety and efficacy
of teriparatide in postmenopausal women with osteo-
porosis. J Am Geriatr Soc 54:782–789, 2006.

Key words: teriparatide; osteoporosis; geriatric patients;
efficacy; safety; elderly

Osteoporosis, a skeletal disorder characterized by com-
promised bone strength predisposing to an increased

risk of fracture,1 is a major public health problem of older
people. Most types of osteoporotic fractures increase in in-
cidence with age,2–4 and the number of elderly individuals
affected with osteoporosis is expected to increase dramat-
ically in the coming years.5,6

Available pharmacological therapies for the treatment
of osteoporosis include antiresorptive drugs such as
bisphosphonates, calcitonin, and raloxifene and the bone-
forming drug teriparatide,7–9 but despite the debilitating
effects of osteoporosis fractures and the availability of ther-
apies to reduce fracture incidence, many elderly patients do
not receive treatment,10–11 with treatment rates ranging
from 5% to 69%12 and decreasing with increasing age.3

One explanation for this decrease is the perception that it is
too late to alter the course of the disease in its late stage.
Given the known antifracture efficacy of available drugs,
lack of appropriate and needed therapy in patients with
osteoporosis may result in costly and debilitating fractures.

Teriparatide stimulates bone turnover,13–16 with a pos-
itive bone balance resulting in increases in bone mass and

Data previously presented at the 2004 American College of Rheumatology
Annual Meeting, San Antonio, Texas, and 2005 American Geriatrics Society
Annual Meeting, Orlando, Florida.
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new nonvertebral fragility fractures (RR50.75,
ARR51.1%, P5.661). The treatment-by-age interaction
was not significant (P5.42), indicating that the effect of
teriparatide on nonvertebral fractures was not statistically
different in younger and older patients.

Safety Assessment

Relevant treatment-emergent adverse events (TEAEs) with
an incidence rate greater than 3% in any treatment group
and all TEAEs with significant treatment-by-age interac-
tions in patients younger than 75 versus those aged 75 and
older are presented in Table 2. In each age group, the
number of patients with at least one adverse event was not
significantly different in teriparatide-treated and placebo-
treated patients (Table 2). TEAEs were consistent in the
older and younger groups, except for abdominal pain,
arrhythmia, cataract, cyst, deafness, diarrhea, fever, pe-
ripheral edema, pruritus, vaginitis, and weight loss. Except
for diarrhea and cyst, these TEAEs occurred at a lower
frequency in the older women randomized to teriparatide
than in those receiving placebo (Table 2). In the older
women, dizziness and leg cramps were not significantly
more common in the teriparatide group than in those re-
ceiving placebo. In the younger group, cancer occurred in
2% of teriparatide-treated patients and 4% of placebo-
treated patients (P5.07). In the older group, cancer oc-
curred in 0% of patients treated with teriparatide and 3%
in placebo group (P5.11). The treatment-by-age interac-
tion was not significant (P5.53).

In the younger group, 22% of placebo-treated patients
and 17%of teriparatide-treated patients reported back pain
(P5.10). In the older group, 25% of placebo-treated pa-
tients and 15% of teriparatide-treated patients reported
back pain (Po.05) (Table 2). The effect on back pain of
teriparatide and placebo was similar across age groups. Of
the 86 women with one or more new vertebral fractures
during the trial, mean height loss was 1.1 cm in the younger
placebo group and 0.3 cm in the teriparatide group
(Po.05). In the older group, mean height loss was 1.0 cm
in the placebo group, compared with an increase of 0.2 cm
in the teriparatide group (P5.10). The treatment-by-age
interaction was not significant (P5.64).

In the younger group, hypercalcemia (defined as a se-
rum calcium concentration42.76 mmol/L or 11 mg/dL)
occurred in 2.9% of teriparatide-treated patients and 0.7%
of placebo-treated patients (Po.05). In the older group,
hypercalcemia occurred in 1.6% of patients in teriparatide
group and 0% in placebo group (P5.50). The treatment-
by-age interaction was not significant (P51.0). In the
younger group, 2.4% of patients in the teriparatide group
and 0.7% in the placebo group had hyperuricemia (defined
as a serum uric acid concentration40.535 mmol/L or 9 mg/
dL; P5.06). In the older group, 4% of patients in teripara-
tide group and 0.9% in the placebo group had hyper-
uricemia (P5.15). The treatment-by-age interaction was
not significant (P5.80). The effect of teriparatide and pla-
cebo on hypercalcemia and hyperuricemia was similar
across the age groups.

TEAEs were also reviewed in women aged 80 and old-
er, including 23 patients from the placebo group and 25
patients from the teriparatide group. No unexpected TEAEs
were noted in the patients treated with teriparatide.

DISCUSSION

This analysis focused on comparing the relative treatment
effect of teriparatide in women younger than 75with that in
those aged 75 and older onmarkers of bone turnover, BMD,
fracture risk, adverse events, and incidence of hyper-
calcemia and hyperuricemia. Treatment with teriparatide
was associated with similar increases in BSAP in both age
groups as early as 1 month, with continued increases up to
12 months. These data support early bone formation after
initiating treatment with parathyroid hormone.27,28 Con-
sistent with the known effects of intermittent teriparatide
on bone turnover, there was a delayed increase in DPD/Cr, a
bone resorption marker, that peaked after 12 months of
treatment with teriparatide in both age groups.

Treatment with teriparatide resulted in the same per-
centage increase from baseline in lumbar spine BMD in the
younger (9.1%) and older (9.2%) patients. However, the
treatment-by-age interaction was significant (P5.08) be-
cause of the relatively smaller treatment effect in the older
patients resulting from the differential BMD increases of
placebo-treated patients in the older (2.4%) and younger
(0.7%) groups. The increased BMD over time in older pla-
cebo-treated patients could reflect the gradual accumula-
tion of degenerative changes in the spine and paraspinal
tissues.29,30 Femoral neck BMD increased significantly in
the younger and older patients with teriparatide treatment
(2.9% and 1.9%, respectively), and the treatment-by-age
interaction was not significant (P5.20).

The relative effect of teriparatide on reducing the in-
cidence of new vertebral fractures and nonvertebral fragil-
ity fractures was statistically indistinguishable in younger
and older patients. However, owing to the small number of
nonvertebral fractures in the older subgroup, this analysis
was not sufficiently powered to show a statistically signif-
icant reduction in the risk of nonvertebral fractures in the
women aged 75 and older or to detect small differences in
the relative treatment effect on nonvertebral fragility frac-
tures in the younger and older subgroups.

Traditionally, the management of osteoporosis has in-
cluded the use of calcium and vitamin D supplementation,

Relative Risk, 95% CI
0.0 0.5 1.0 1.5 2.0 2.5 3.0

NonVert F Fx ≥  75

NonVert F Fx <75

VFx ≥75

VFx <75

Figure 3. The relative risk (95% confidence interval (CI)) teri-
paratide versus placebo of new vertebral (VFx) and nonvertebral
fragility fractures (nonvert F Fx) by age.
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as well as antiresorptive drugs, including raloxifene, a se-
lective estrogen receptor modulator; calcitonin; and
bisphosphonates, including alendronate and risedron-
ate.31–34 Antiresorptives act primarily by inhibiting osteo-
clast-mediated bone loss and may be associated with an
increase in bone density by filling in resorption cavities and
increased deposition of mineral into existing bone matrix.
These drugs have demonstrated efficacy in reducing verte-
bral fracture risk 30% to 55%, and alendronate and rise-
dronate32,35 have demonstrated efficacy in reducing hip
fracture risk. The efficacy of antiresorptives in the reduction
of nonvertebral fractures has been shown in some but not
other clinical trials.5,9,35,36 The concept of a bone anabolic
agent is based upon stimulation of bone formation, a phys-
iological process opposite to that of inhibiting bone re-
sorption. Inherent to this concept is the ability for an
anabolic agent, such as teriparatide, to restore bone micro-
architecture.7,27,28,37 Intermittent exposure to parathyroid
hormone induces osteoprogenitor cell differentiation in the
bone marrow and inhibits osteoblast apoptosis.17,38,39 The

result is a rapid increase in bone formation and bone turn-
over, with an increase in bone volume and a restoration of
the microarchitecture of the bone.27,28 Given that a signif-
icant proportion of elderly individuals suffers from more
severe osteoporosis, manifested by very low bone density, a
large number and severity of fractures, and general deteri-
oration in the quality of bone,5,34 bone anabolic agents
provide a therapeutic option for these high-risk patients.

Many elderly women with established osteoporosis
have multiple comorbid conditions,40 and demonstrated
drug safety in this frail population is critically important. In
the full population of the FPT, adverse events in placebo-
and teriparatide-treated patients were similar.7 Withdraw-
als for adverse events in the teriparatide (6%) and placebo
(6%) groups were indistinguishable. Cancer risk was not
greater in teriparatide-treated patients (2%) than in place-
bo-treated patients (4%).7 Two adverse events were greater
in the teriparatide than the placebo group. Dizziness oc-
curred in 9% of teriparatide patients and 6% of placebo
patients (P5.05), and leg cramps occurred in 3% of

Table 2. Summary of Most Relevant Treatment Emergent Adverse Events (TEAEs) with an Incidence of 3% or Greater in
Any Treatment Group in All Randomized Patients Aged 75 and Older

Adverse Event

Aged o75 Aged ! 75

Interaction P-values

Placebo
(N5 426)

Teriparatide
(N5 415)

Placebo
(N5 118)

Teriparatide
(N5 126)

n (%)

Patients with !1
adverse event

366 (86) 343 (83) 107 (91) 104 (83) .27

Asthenia 29 (7) 35 (8) 10 (8) 13 (10) .98
Arrhythmia 7 (2) 8 (2) 5 (4) 1 (1) .09
Hypertension 31 (7) 30 (7) 13 (11) 11 (9) .62
Syncope 8 (2) 14 (3) 1 (1) 3 (2) .71
Abdominal pain 35 (8) 40 (10) 15 (13) 8 (6) .07
Constipation 14 (3) 23 (6) 12 (10) 9 (7) .10
Diarrhea 25 (6) 20 (5) 4 (3) 12 (10) .04
Dyspepsia 19 (4) 27 (7) 6 (5) 5 (4) .34
Nausea 30 (7) 41 (10) 11 (9) 10 (8) .30
Vomiting 11 (3) 15 (4) 4 (3) 4 (3) .62
Ecchymosis 24 (6) 16 (4) 6 (5) 8 (6) .33
Peripheral edema 13 (3) 15 (4) 10 (8) 4 (3) .08
Arthralgia 37 (9) 46 (11) 12 (10) 10 (8) .28
Back pain 93 (22) 72 (17) 30 (25) 19 (15)! .32
Leg cramps 4 (1) 14 (3)! 2 (2) 3 (2) .39
Headache 39 (9) 37 (9) 6 (5) 7 (6) .84
Dizziness 24 (6) 39 (9)! 9 (8) 11 (9) .46
Vertigo 13 (3) 18 (4) 5 (4) 6 (5) .74
Cataract 5 (1) 11 (3) 12 (10) 3 (2)! .003
Deafness 1 (0.2) 8 (2)! 4 (3) 1 (1) .006
Pruritus 11 (3) 13 (3) 6 (5) 0 (0)! .02
Rash 24 (6) 23 (6) 5 (4) 8 (6) .50
Cyst 5 (1) 4 (1) 0 (0) 5 (4) .09
Fever 15 (4) 11 (3) 7 (6) 1 (1) .08
Weight loss 3 (1) 8 (2) 6 (5) 2 (2) .03
Cancer 18 (4) 8 (2) 3 (3) 0 (0) .53
Vaginitis 9 (2) 10 (2) 4 (3) 0 (0) .10

Note: TEAEs with significant treatment-by-age interaction (Po.1) are also included.
!Po.05 versus placebo.
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as well as antiresorptive drugs, including raloxifene, a se-
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bisphosphonates, including alendronate and risedron-
ate.31–34 Antiresorptives act primarily by inhibiting osteo-
clast-mediated bone loss and may be associated with an
increase in bone density by filling in resorption cavities and
increased deposition of mineral into existing bone matrix.
These drugs have demonstrated efficacy in reducing verte-
bral fracture risk 30% to 55%, and alendronate and rise-
dronate32,35 have demonstrated efficacy in reducing hip
fracture risk. The efficacy of antiresorptives in the reduction
of nonvertebral fractures has been shown in some but not
other clinical trials.5,9,35,36 The concept of a bone anabolic
agent is based upon stimulation of bone formation, a phys-
iological process opposite to that of inhibiting bone re-
sorption. Inherent to this concept is the ability for an
anabolic agent, such as teriparatide, to restore bone micro-
architecture.7,27,28,37 Intermittent exposure to parathyroid
hormone induces osteoprogenitor cell differentiation in the
bone marrow and inhibits osteoblast apoptosis.17,38,39 The
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oration in the quality of bone,5,34 bone anabolic agents
provide a therapeutic option for these high-risk patients.

Many elderly women with established osteoporosis
have multiple comorbid conditions,40 and demonstrated
drug safety in this frail population is critically important. In
the full population of the FPT, adverse events in placebo-
and teriparatide-treated patients were similar.7 Withdraw-
als for adverse events in the teriparatide (6%) and placebo
(6%) groups were indistinguishable. Cancer risk was not
greater in teriparatide-treated patients (2%) than in place-
bo-treated patients (4%).7 Two adverse events were greater
in the teriparatide than the placebo group. Dizziness oc-
curred in 9% of teriparatide patients and 6% of placebo
patients (P5.05), and leg cramps occurred in 3% of

Table 2. Summary of Most Relevant Treatment Emergent Adverse Events (TEAEs) with an Incidence of 3% or Greater in
Any Treatment Group in All Randomized Patients Aged 75 and Older

Adverse Event

Aged o75 Aged ! 75

Interaction P-values

Placebo
(N5 426)

Teriparatide
(N5 415)

Placebo
(N5 118)

Teriparatide
(N5 126)

n (%)

Patients with !1
adverse event

366 (86) 343 (83) 107 (91) 104 (83) .27

Asthenia 29 (7) 35 (8) 10 (8) 13 (10) .98
Arrhythmia 7 (2) 8 (2) 5 (4) 1 (1) .09
Hypertension 31 (7) 30 (7) 13 (11) 11 (9) .62
Syncope 8 (2) 14 (3) 1 (1) 3 (2) .71
Abdominal pain 35 (8) 40 (10) 15 (13) 8 (6) .07
Constipation 14 (3) 23 (6) 12 (10) 9 (7) .10
Diarrhea 25 (6) 20 (5) 4 (3) 12 (10) .04
Dyspepsia 19 (4) 27 (7) 6 (5) 5 (4) .34
Nausea 30 (7) 41 (10) 11 (9) 10 (8) .30
Vomiting 11 (3) 15 (4) 4 (3) 4 (3) .62
Ecchymosis 24 (6) 16 (4) 6 (5) 8 (6) .33
Peripheral edema 13 (3) 15 (4) 10 (8) 4 (3) .08
Arthralgia 37 (9) 46 (11) 12 (10) 10 (8) .28
Back pain 93 (22) 72 (17) 30 (25) 19 (15)! .32
Leg cramps 4 (1) 14 (3)! 2 (2) 3 (2) .39
Headache 39 (9) 37 (9) 6 (5) 7 (6) .84
Dizziness 24 (6) 39 (9)! 9 (8) 11 (9) .46
Vertigo 13 (3) 18 (4) 5 (4) 6 (5) .74
Cataract 5 (1) 11 (3) 12 (10) 3 (2)! .003
Deafness 1 (0.2) 8 (2)! 4 (3) 1 (1) .006
Pruritus 11 (3) 13 (3) 6 (5) 0 (0)! .02
Rash 24 (6) 23 (6) 5 (4) 8 (6) .50
Cyst 5 (1) 4 (1) 0 (0) 5 (4) .09
Fever 15 (4) 11 (3) 7 (6) 1 (1) .08
Weight loss 3 (1) 8 (2) 6 (5) 2 (2) .03
Cancer 18 (4) 8 (2) 3 (3) 0 (0) .53
Vaginitis 9 (2) 10 (2) 4 (3) 0 (0) .10

Note: TEAEs with significant treatment-by-age interaction (Po.1) are also included.
!Po.05 versus placebo.

TERIPARATIDE IN ELDERLY WOMEN WITH OSTEOPOROSIS 787JAGS MAY 2006–VOL. 54, NO. 5

as well as antiresorptive drugs, including raloxifene, a se-
lective estrogen receptor modulator; calcitonin; and
bisphosphonates, including alendronate and risedron-
ate.31–34 Antiresorptives act primarily by inhibiting osteo-
clast-mediated bone loss and may be associated with an
increase in bone density by filling in resorption cavities and
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als for adverse events in the teriparatide (6%) and placebo
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Introduction: Longevity has resulted in a greater proportion of the population entering a time of life when
increasing bone fragility and falls predispose to fractures, particularly nonvertebral fractures. Women over
80 years of age constitute 10% of the population but contribute 30% of all fractures and 60% of all
nonvertebral fractures. Despite this, few studies have examined antifracture efficacy of treatments in this
high-risk group and none has provided evidence for benefits beyond 3 years.
Materials and methods: To determine whether strontium ranelate reduces the risk of vertebral and
nonvertebral fractures during 5 years, we analyzed a subgroup of 1489 female patients over 80 years of age
(mean 83.5±3.0 years) with osteoporosis from the SOTI (spinal osteoporosis therapeutic intervention) and
TROPOS (treatment of peripheral osteoporosis) studies randomized to strontium ranelate 2 g/d or placebo.
All received a supplement of calcium plus vitamin D.
Results: By intention to treat, vertebral fracture risk was reduced by 31% (relative risk, RR=0.69; 95%
confidence interval, CI 0.52-0.92), nonvertebral fracture risk by 27% (RR=0.73; 95% CI 0.57-0.95), major
nonvertebral fracture risk by 33% (RR=0.67; 95% CI 0.50-0.89) and hip fracture risk by 24% (RR=0.76;
95% CI 0.50-1.15, not significant). Treatment was cost-saving as it decreased cost and increased QALYs and
life-years.
Discussion: Strontium ranelate safely produced a significant reduction in vertebral and nonvertebral
fracture risk during 5 years in postmenopausal women over 80 years of age and was cost saving.

© 2009 Elsevier Inc. All rights reserved.

Introduction

Women over 80 years of age constitute 10% of the population but
contribute 30% of all fractures and over 60% of all nonvertebral and hip
fractures [1]. The subjects are at highest risk for fracture because falls
are common and bone fragility increases exponentially. Fragility
increases rapidly because bone remodeling, a surface-dependent
process, remains elevated into old age so that the same or an
increasing amount of bone is lost from a decreasing amount of bone.
While remodeling is rapid in trabecular bone after menopause, as age

advances trabeculae with their surfaces are lost while increased
porosity in cortical bone increases the available surface for remodel-
ing and resorption on the endocortical and intracortical surfaces
increase. Remodeling on these two surfaces contributes 50% of all
remodeling, the remaining 50% occurring on trabecular surfaces but
trabecular bone is now less than 20% of total bone volume and so bone
loss is largely cortical and accounts for the high incidence of
nonvertebral fractures [2–4].

Despite the increasing contribution of cortical bone loss to bone
fragility and the high incidence of nonvertebral fractures in the
elderly, most studies of antifracture efficacy have been carried out in
postmenopausal women aged 50 to 80 years [2]. Few studies have
included women over 80 years of age, and no study provides
convincing evidence that antifracture efficacy is sustained beyond 3
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Headaches, deep venous thromboembolic events (VTE) and seizure
and seizure disorders were reported significantly more often in the
strontium ranelate group. No case of allergic reaction such as DRESS
(drug reaction with eosinophilia and systemic symptoms) or Stevens-
Johnson syndrome was reported during 5 years.

Cost-effectiveness

Based on the TROPOS population aged 80 years or over, 5-year
treatment with strontium ranelate cost an estimated SEK 20,888 but
saved an estimated SEK 38,527 in fracture-related costs. Increased
longevity in the strontium ranelate group cost SEK 4511. Thus, there
was a net cost saving by avoiding fractures despite the costs of
treatment and added years of life. Strontium ranelate increased QALYs
by 0.051 and life-years by 0.017 and so was cost-saving compared to
no treatment, i.e., treatment was associated with less costs, more life-
years and quality of those life-years. The number needed to treat to
gain one QALY with strontium ranelate was 19.6 patients while 58.5
patients had to be treated to gain a life-year. The probabilistic
sensitivity analysis showed an 86% chance of a cost-saving result in
favour of strontium ranelate. In sensitivity analysis, strontium
ranelate remained cost-saving over all ages between 80 and 87
years and at T-score b−2.1 SD. Strontium ranelate remained cost-
saving when it was assumed that patients immediately reversed to
the same fracture risk as untreated patients at discontinuation of
treatment.

Discussion

The very elderly are at highest risk for fractures because of the high
prevalence of osteoporosis, the high frequency of falls, rapid bone loss
and profound structural decay. These patients are also most cost-
effective to treat provided that nonvertebral fracture risk reduction is

obtained and treatment effects persist over time [18–20]. However,
few studies include subjects over the age of 80 years [8,21–23]. Data
based on pooling of small studies have not found a reduction in
nonvertebral fracture risk in the very elderly [24,25].

We report that strontium ranelate reduces the risk of vertebral
fractures and nonvertebral fractures in elderly women during 5 years.
Treatment continued to increase BMD at the lumbar spine and
femoral neck during 5 years. The association between an increase in
bone mineral density and a proportional reduction in fracture risk has
been described based on a post hoc analysis of the data from the SOTI
and TROPOS studies and is partly due to the substitution of calcium by
strontium [26,27].

Strontium ranelate was cost-saving and increased the number and
quality of life of remaining years of life to a degree comparable to that
achieved with treatments for hypertension and hyperlipidemia [28].
Hydrochlorothiazide and statins were cost-effective with a cost per
QALY gained close to SEK 40,000. In patients starting treatment at an
age of 80 years, bisphosphonates and strontium ranelate were cost-
saving. The safety profile of strontium ranelate in the elderly was
similar to that in the SOTI and TROPOS studies and during the 3-year
studies [12,13], particularly the annual incidence of events more
frequently reported in the treatment group did not increase over time,

Table 1
Baseline characteristics of the pooled ITT population, expressed as mean±standard
deviation.

Number of exposed patients (total 1489) Strontium ranelate Placebo
N=739 N=750

Age (y) 83.5±3.0 83.5±2.9
Time since menopause (years) 35.3±6.1 35.4±6.4
% patients with one or more prevalent
nonvertebral fractures (percent)

46.4 51.4

% patients with one or more prevalent
vertebral fractures (percent)

37.1 35.1

Lumbar spine BMD: T-score −2.7±1.7 −2.8±1.7
Femoral neck BMD: T-score −3.3±0.7 −3.3±0.7
Duration of exposure to treatment (d) 952±669 970±659

Fig. 1. Relative reduction of fracture risk with strontium ranelate over 5 years in the ITT pooled population (□ placebo; ▪ strontium ranelate 2 g/d).

Fig. 2. Changes from baseline in BMD in the ITT pooled population during 5 years
( placebo; strontium ranelate 2 g/d).
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Headaches, deep venous thromboembolic events (VTE) and seizure
and seizure disorders were reported significantly more often in the
strontium ranelate group. No case of allergic reaction such as DRESS
(drug reaction with eosinophilia and systemic symptoms) or Stevens-
Johnson syndrome was reported during 5 years.
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by 0.051 and life-years by 0.017 and so was cost-saving compared to
no treatment, i.e., treatment was associated with less costs, more life-
years and quality of those life-years. The number needed to treat to
gain one QALY with strontium ranelate was 19.6 patients while 58.5
patients had to be treated to gain a life-year. The probabilistic
sensitivity analysis showed an 86% chance of a cost-saving result in
favour of strontium ranelate. In sensitivity analysis, strontium
ranelate remained cost-saving over all ages between 80 and 87
years and at T-score b−2.1 SD. Strontium ranelate remained cost-
saving when it was assumed that patients immediately reversed to
the same fracture risk as untreated patients at discontinuation of
treatment.
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effective to treat provided that nonvertebral fracture risk reduction is

obtained and treatment effects persist over time [18–20]. However,
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We report that strontium ranelate reduces the risk of vertebral
fractures and nonvertebral fractures in elderly women during 5 years.
Treatment continued to increase BMD at the lumbar spine and
femoral neck during 5 years. The association between an increase in
bone mineral density and a proportional reduction in fracture risk has
been described based on a post hoc analysis of the data from the SOTI
and TROPOS studies and is partly due to the substitution of calcium by
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Strontium ranelate was cost-saving and increased the number and
quality of life of remaining years of life to a degree comparable to that
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QALY gained close to SEK 40,000. In patients starting treatment at an
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similar to that in the SOTI and TROPOS studies and during the 3-year
studies [12,13], particularly the annual incidence of events more
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Lumbar spine BMD: T-score −2.7±1.7 −2.8±1.7
Femoral neck BMD: T-score −3.3±0.7 −3.3±0.7
Duration of exposure to treatment (d) 952±669 970±659

Fig. 1. Relative reduction of fracture risk with strontium ranelate over 5 years in the ITT pooled population (□ placebo; ▪ strontium ranelate 2 g/d).

Fig. 2. Changes from baseline in BMD in the ITT pooled population during 5 years
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including VTEs. A cohort study using the General Practice Research
Database (GPRD) showed a greater association of VTE in osteoporotic
than nonosteoporotic patients, but did not show any greater
association in treated patients with strontium ranelate or alendronate
compared to untreated patients [29].

This is one of the few studies confirming the long-term antifracture
efficacy of a treatment which included subjects over 80 years of age
[30–34]. Uncertainty regarding the long-term benefits and risks of
treatment in patients with osteoporosis of any age, and in the very
elderly, remains for several reasons. Studies that report results in the
fourth year and beyond retain only a small fraction of the cohort
originally randomly allocated to treatment or placebo or retain the
placebo arm throughout [30,31]. Thus, covariates influencing fracture
outcomes may no longer be equally distributed in remaining sample
[30–34].Moreover, censoring subjectswho sustain a fracture in thefirst
3 yearsmay leave a population at lower fracture risk compromising the
power to detect antifracture efficacy and long term adverse skeletal or
non-skeletal effects of treatment [35–40]. If censoring removes more
patients in the placebo arm (because more sustain a fracture) than
treatment arm, there will be fewer fractures in the lower risk placebo
group obscuring antifracture efficacy. Therefore, interpreting results,
whether positive or negative, is fraught with uncertainty.

In summary, strontium ranelate reduces the risk of vertebral and
nonvertebral fractures in womenwith and without baseline fractures,
in women with osteopenia, postmenopausal women with osteopo-
rosis and in women with osteoporosis over 80 years of age. Strontium
ranelate is the first agent demonstrated to reduce nonvertebral
fracture risk in the elderly population and to sustain this benefit
during 5 years increasing the number of remaining life-years, the
quality of those years cost-effectively.
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Table 2
Frequency of adverse events (N=number of exposed patients, % of patients with at
least one emergent AE, E(SE)=estimate (standard error) of the difference between
group percentages, 95% CI of the estimate), ⁎statistically significant difference between
treatment groups.

Nsafety set=1528 Strontium
ranelate

Placebo E (SE) 95% CI

N=756 N=772

% %
Headaches 3.3 1.7 1.6 (0.8) [0.1;3.3]⁎
Nausea and vomiting 7.1 4.8 2.4 (1.4) [−0.4;5.2]
Diarrhea 8.1 6.2 1.9 (1.3) [−0.8:4.5]
Dermatitis and eczema 4.8 5.1 −0.3 (1.1) [−2.5;1.9]
Alopecia 0.5 0.4 0.1 (0.4) [−0.7;1.0]
Deep venous
thromboembolic events

4.5 2.5 2.0 (0.9) [0.2;4.0]⁎

Disturbance in
consciousness

4.1 3.8 0.3 (1.0) [−1.7;2.4]

Memory loss 4.4 2.9 1.5 (1.0) [−0.4;3.5]
Seizures and seizure
disorders

0.7 0 0.7 (0.3) [0.04;1.54]⁎
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•  Denosumab	
  treatment	
  for	
  6	
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  (overall	
  long-­‐term	
  group)	
  and	
  regardless	
  
of	
  age	
  (<	
  75	
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  and	
  ≥	
  75	
  years	
  groups):	
  
–  Was	
  associated	
  with	
  low	
  incidences	
  of	
  new	
  vertebral,	
  nonvertebral,	
  	
  

and	
  hip	
  fractures	
  	
  

–  Con3nued	
  to	
  significantly	
  increase	
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  year	
  to	
  year	
  	
  

–  Remained	
  well	
  tolerated	
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  results	
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  safety	
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to	
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calcium supplementation in women enrolled in the
Nurses’ Health Study, including women taking
higher daily doses of calcium (>1000 mg of
calcium daily).58

Based on these findings, it is appropriate to
assess each patient’s daily calcium consumption.
If a patient is consuming fewer than 3 servings of
calcium-rich foods or beverages daily (ie, milk,
yogurt, cheese, calcium-fortified orange juice, and
so forth), calcium supplementation should be
considered. Goal daily calcium intake should be
between 1000 and 1500 mg per day, divided.
Careshouldbe taken toavoidoversupplementation
because of the risk of nephrolithiasis and, poten-
tially, cardiovascular disease. Unlike calcium,
vitamin D is more difficult to obtain from common
foods and beverages. Patients older than 70 years
are also less likely to obtain adequate vitamin D
through sun exposure. Therefore, supplementation
is typically required. The recommendeddaily intake
of vitamin D is a minimum of 800 IU daily, but many
patients require 1000 to 2000 IU daily to maintain
stores of vitamin D.

Pharmacologic Treatment Options

The initial question most clinicians have is: who
should be treated? The second question is deter-
mining which treatment to begin. The National
Osteoporosis Foundation has created someguide-
lines to assist with the first question (Box 1), which
rely ondata obtained through imaging (DXA) and/or
clinical risk factors for fracture. As such, a DXA is
not essential in determining the need for treatment.
Consequently, in a patient with a recent hip, verte-
bral, or other weight-bearing osteoporotic fracture,
treatment should be initiated without the need for
BMD measurement, if no other contraindications
exist. Treatment also should be initiated in a patient
without a prior fracture but who has other strong
clinical risk factors for fracture.

The armamentarium for osteoporosis manage-
ment is growing. At present, treatment options
can be divided into antiresorptive medications
and anabolic medications (Table 3).

Bisphosphonates
Bisphosphonates are the most commonly pre-
scribed antiosteoporosis medications. These agents
inhibit osteoclast function, thereby reducing bone
resorption. The bisphosphonates are available
as either oral preparations or intravenous infu-
sions. Under ideal conditions orally administered
bisphosphonates have a very low estimated absorp-
tion of 1% of the administered dose. Following
absorption, the bisphosphonate is integrated into
hydroxyapatite.

Alendronate (Fosamax) and risedronate (Actonel)
were among the first bisphosphonates approved
for the treatment and prevention of osteoporosis
in postmenopausal women, and were approved
for the treatment of male osteoporosis thereafter.
Both can be taken either daily or weekly (see
Table 3). Risedronate can also be taken in a once-
monthly preparationor asadelayed-releaseweekly
preparation that can be taken with food and other
medications (Atelvia). Ibandronate (Boniva) is
approved fororal usedailyoroncemonthly, or intra-
venously every 3 months. The main side effect re-
ported with the use of oral bisphosphonates is
gastrointestinal intolerance. Oral bisphosphonates
have significant reduction of efficacy if not dosed
appropriately, owing to its limited absorption (taken
on empty stomach with only water and no further
oral intake for at least 30–60 minutes, except for
Atelvia).

Zoledronic acid (Reclast) is the newest bi-
sphosphonate available, and is a once-yearly
intravenous option. In addition to initial trials
completed in postmenopausal women, zoledronic
acid has also been found to be effective in the
prevention of recurrent fractures (over a median
follow-up of 1.9 years) based on a large study of
patients who received this medication within
90 days of a hip fracture.59 This study also demon-
strated a 28% reduction of mortality risk with the
use of this agent compared with placebo, although
the potential mechanism for this benefit was
unclear. The main side effect noted following zole-
dronic acid infusions is an acute-phase reaction,
consisting of flu-like symptoms and fever. The
occurrence of this side effect is reduced in
patients who have had prior exposure to other bi-
sphosphonates, and can also be reduced by
pretreatment with acetaminophen.

All 4 of the bisphosphonates approved in the
United States have been studied in large,
randomized controlled trials in postmenopausal

Box 1
Indications for osteoporosis prescription
therapy

Hip or vertebral fracture

Osteoporosis based on BMD (T-score ! "2.5)
after appropriate evaluation for secondary
causes

Low bone density by BMD (T-score of "1.0 to
"2.5) and risk based on the FRAX algorithm
(10-year probability of a major osteoporosis-
related fracture of #20% or 10-year probability
of a hip fracture of #3%)

Clinical judgment based on overall fracture risk
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