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Objective: To determine the clinical and cost-
effectiveness of vitamin K in preventing osteoporotic 
fractures in postmenopausal women.
Data sources: Searches were conducted in May 2007 
in MEDLINE, MEDLINE In-Process, EMBASE, Cochrane 
Database of Systematic Reviews, Cochrane Controlled 
Trials Register, BIOSIS, CINAHL, DARE, NHS EED and 
HTA databases, AMED, NRR, Science Citation Index and 
Current Controlled Trials. The MEDLINE search was 
updated in March 2009.
Review methods: Selected studies were assessed and 
subjected to data extraction and quality assessment 
using standard methods. Where appropriate, meta-
analysis was carried out. A mathematical model was 
constructed to estimate the cost-effectiveness of 
vitamin K1.
Results: The electronic literature searches identified 
1078 potentially relevant articles. Of these, 14 articles 
relating to five trials that compared vitamin K with a 
relevant comparator in postmenopausal women with 
osteoporosis or osteopenia met the review inclusion 
criteria. The double-blind ECKO trial compared 5 mg 
of phylloquinone (vitamin K1) with placebo in Canadian 
women with osteopenia but without osteoporosis. 
Four open-label trials used 45 mg of menatetrenone 
(vitamin K2) in Japanese women with osteoporosis; 
the comparators were no treatment, etidronate or 
calcium. The methodological quality of the ECKO trial 
was good; however, all four menatetrenone trials were 
poorly reported and three were very small (n < 100 
in each group). Phylloquinone was associated with a 
statistically significant reduction in the risk of clinical 
fractures relative to placebo [relative risk 0.46, 95% 
confidence interval (CI) 0.22 to 0.99]; morphometric 
vertebral fractures were not reported. The smaller 

menatetrenone trials found that menatetrenone was 
associated with a reduced risk of morphometric 
vertebral fractures relative to no treatment or 
calcium; however, the larger Osteoporosis Fracture 
(OF) study found no evidence of a reduction in 
vertebral fracture risk. The three smaller trials found 
no significant difference between treatment groups in 
non-vertebral fracture incidence. In the ECKO trial, 
phylloquinone was not associated with an increase in 
adverse events. In the menatetrenone trials, adverse 
event reporting was generally poor; however, in the OF 
study, menatetrenone was associated with a significantly 
higher incidence of skin and skin appendage lesions. 
No published economic evaluations of vitamin K were 
found and a mathematical model was thus constructed 
to estimate the cost-effectiveness of vitamin K1. 
Comparators were alendronate, risedronate and 
strontium ranelate. Vitamin K1 and alendronate were 
markedly more cost-effective than either risedronate 
or strontium ranelate. The base-case results favoured 
vitamin K1, but this relied on many assumptions, 
particularly on the efficacy of preventing hip and 
vertebral fractures. Calculation of the expected value 
of sampled information was conducted assuming 
a randomised controlled trial of 5 years’ duration 
comparing alendronate with vitamin K1. The costs 
incurred in obtaining updated efficacy data from a trial 
with 2000 women per arm were estimated to be a cost-
effective use of resources. 
Conclusions: There is currently large uncertainty 
over whether vitamin K1 is more cost-effective than 
alendronate; further research is required. It is unlikely 
that the present prescribing policy (i.e. alendronate as 
first-line treatment) would be altered.

Abstract
Vitamin K to prevent fractures in older women: 
systematic review and economic evaluation

M Stevenson,* M Lloyd-Jones and D Papaioannou

University of Sheffield, School of Health and Related Research (ScHARR), UK
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Osteopenia Bone mineral density between 1 
and 2.5 standard deviations below the young 
adult mean (T-score –1 to –2.5).

Osteoporosis Bone mineral density 2.5 
standard deviations or more below the young 
adult mean (T-score –2.5 or less).

Severe osteoporosis Bone mineral density 2.5 
standard deviations or more below the young 
adult mean (T-score –2.5 or less) plus at least 
one documented fracture.

T-score The number of standard deviations 
from the average bone mineral density of 
healthy young women.

Z-score The number of standard deviations 
that a woman is from the average bone mineral 
density of women of the same age.

Glossary and list of abbreviations

Glossary

Abbreviations

AiC academic-in-confidence

BMD bone mineral density

BNF British National Formulary

CI confidence interval

ENBS expected net benefit of sampling

EVSI expected value of sample 
information

FIT Fracture Intervention Trial

GDG (NICE Osteoporosis) Guideline 
Development Group

HRG Healthcare Resource Group

HRT hormone replacement therapy

MK-4 menaquinone-4

MK-7 menaquinone-7

NICE National Institute for Health and 
Clinical Excellence

OF study Osteoporosis Fracture study

QALY quality-adjusted life-year

PSA probabilistic sensitivity analysis

RCT randomised controlled trial

RR relative risk

SHEMO Sheffield Health Economic Model 
for Osteoporosis 

SD standard deviation

WHO World Health Organization

YOPS Yamaguchi Osteoporosis 
Prevention Study

All abbreviations that have been used in this report are listed here unless the abbreviation is well 
known (e.g. NHS), or it has been used only once, or it is a non-standard abbreviation used only in 
figures/tables/appendices, in which case the abbreviation is defined in the figure legend or in the 
notes at the end of the table.
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Description of proposed 
service
The focus of this report is to establish whether 
vitamin K can be used cost-effectively in the 
treatment of women who are osteoporotic and who 
have a previous fracture. 

Epidemiology and background

Osteoporosis is a common disease in the elderly, 
with an estimated 0.95 million female sufferers in 
England and Wales. It is defined as possessing a 
T-score (the number of standard deviations from 
the average bone mineral density of healthy young 
women) of –2.5 standard deviations or lower. The 
main consequence of osteoporosis is an increased 
incidence of fractures, which increase as a woman 
ages. These result not only in morbidity for the 
patient (with a risk of mortality following fractures 
at some sites) but also in the consumption of scarce 
NHS resources. A recent estimate of the projected 
cost of osteoporotic fractures in women in the UK 
by 2010 put this figure at £2.1 billion. 

Methods

The scope of this assessment was to determine 
the clinical effectiveness and cost-effectiveness of 
vitamin K in preventing osteoporotic fractures in 
postmenopausal women compared with either no 
vitamin K or specific drugs licensed in the UK for 
the prevention or treatment of postmenopausal 
osteoporosis. Relevant outcome measures included 
incident vertebral and non-vertebral fractures; 
health-related quality of life; all-cause mortality; 
and adverse effects of treatment. 

Searches to identify relevant studies were 
conducted in 14 electronic databases [MEDLINE, 
MEDLINE In-Process, EMBASE, Cochrane 
Database of Systematic Reviews, Cochrane 
Controlled Trials Register, BIOSIS, CINAHL, 
DARE, NHS EED and HTA databases, AMED, 

NRR (National Research Register), Science Citation 
Index and Current Controlled Trials]. The searches 
were undertaken in May 2007 and the MEDLINE 
search was updated in March 2009. The searches 
were not restricted by publication type, date of 
publication or language.

The inclusion criteria were as follows:

• Population: postmenopausal women with 
osteoporosis/osteopenia. 

• Intervention: oral vitamin K (any dose).
• Comparators: 

 – placebo or no treatment for bone health 
other than ensuring that the patient is 
replete of calcium and vitamin D.

 – the following drugs, which are licensed in 
the UK for the prevention or treatment of 
postmenopausal osteoporosis: alendronate, 
etidronate, risedronate and strontium 
ranelate.

• Outcomes: all-cause mortality; incident vertebral 
fracture; incident non-vertebral fracture; 
adverse effects; continuance; compliance, 
health-related quality of life; costs incurred.

• Study design: randomised controlled trials; 
economic evaluations.

Only randomised controlled trials (RCTs) that 
reported fracture outcomes were included in 
the review of clinical effectiveness; however, this 
criterion was relaxed for consideration of adverse 
events, allowing inclusion of observational studies 
or RCTs that did not report fracture outcomes. 

The following studies were excluded: those that 
were considered methodologically unsound in 
terms of either study design or method used to 
assess fractures, or those that did not report results 
in the necessary detail; or those in which the 
participants were not vitamin D replete and/or had 
insufficient calcium intake.

Where appropriate, meta-analysis was carried out, 
using Review Manager software (revman).

Executive summary 
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Number and quality of studies 
and direction of evidence
Five randomised controlled trials were identified 
that compared vitamin K with a relevant 
comparator in postmenopausal women with 
osteoporosis or osteopenia. The double-blind 
ECKO trial compared 5 mg of phylloquinone 
(vitamin K1) with placebo in Canadian women 
with osteopenia but without osteoporosis. Four 
open-label trials used 45 mg of menatetrenone 
(vitamin K2) in Japanese women with osteoporosis; 
the Osteoporosis Fracture (OF) study and that by 
Shiraki et al. compared menatetrenone with no 
treatment, the Yamaguchi Osteoporosis Prevention 
Study (YOPS) compared it with etidronate or no 
treatment, and the trial by Iwamoto compared it 
with etidronate or calcium. 

The methodological quality of the ECKO trial was 
good. By contrast, all four trials of menatetrenone 
were poorly reported, making it impossible to 
exclude the possibility that their methodological 
quality was low; moreover, three were very small 
(< 100 women in each group).

Phylloquinone was associated with a statistically 
significant reduction in the risk of clinical 
fractures relative to placebo [relative risk (RR) 
0.46, 95% confidence interval (CI) 0.22 to 0.99]; 
morphometric vertebral fractures were not 
reported. Although the smaller trials found that 
menatetrenone was associated with a reduction 
in the risk of morphometric vertebral fractures 
relative to no treatment or calcium, the much 
larger OF study found no evidence of a reduction 
in vertebral fracture risk. The three smaller trials 
found no significant difference between treatment 
groups in non-vertebral fracture incidence. OF 
study data relating to non-vertebral and clinical 
vertebral fractures have not been published.

Safety

In the ECKO trial, phylloquinone was not 
associated with an increase in adverse events; 
moreover, it was possible that it demonstrated 
anticancer efficacy. In the menatetrenone trials, 
the reporting of adverse events was generally poor; 
however, in the OF study, menatetrenone was 
associated with a significantly higher incidence of 
skin and skin appendage lesions.

Summary of benefits

Benefits have been measured in terms of quality-
adjusted life-years (QALYs). Vitamin K provided 
gains in QALYs compared with no treatment 
in women with sufficient calcium and vitamin 
D intakes. The size of the QALY gain for each 
intervention was strongly related to the absolute 
risk of fracture.

Cost-effectiveness of 
identification and treatment 
strategies
No published economic evaluations of vitamin 
K were found. A mathematical model was thus 
constructed to estimate the cost-effectiveness 
of vitamin K1; the efficacy data for other types 
of vitamin K were considered too poor to be 
included. Comparators were two bisphosphonates 
(alendronate and risedronate) and strontium 
ranelate. Vitamin K1 and alendronate were seen 
to be markedly more cost-effective than either 
risedronate or strontium ranelate. The base-case 
results favoured vitamin K1, but this relied on 
many assumptions, particularly on the efficacy of 
preventing hip and vertebral fractures. 

Evaluation of further 
research
Calculation of the expected value of sampled 
information was conducted assuming a randomised 
controlled trial of 5 years’ duration comparing 
alendronate with vitamin K1. This showed that 
the costs incurred in obtaining updated efficacy 
data from a trial with 2000 women per arm, which 
would be used to influence future prescribing 
policy, were estimated to be a cost-effective use of 
resources.

Costs

It is unlikely that the present prescribing policy 
(i.e. alendronate as first-line treatment) would be 
altered, thus there would be no change in NHS 
expenditure. Even if vitamin K1 was used, the 
acquisition prices of alendronate and vitamin 
K1 are similar and thus there is unlikely to be a 
marked impact on NHS expenditure. 
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Conclusions/need for further 
research
There is currently large uncertainty over whether 
vitamin K1 is more cost-effective than alendronate; 

further research is required. A calculation of the 
expected value of sampled information has shown 
that an RCT of 2000 women per arm would be a 
cost-effective use of resources.
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The aim of the review was to address the 
question, ‘What is the clinical and cost-

effectiveness of vitamin K in preventing fractures 
in postmenopausal women at high risk of fracture?’ 
The cost-effectiveness of vitamin K must be 
discussed with reference to the costs and clinical 
effectiveness of other licensed interventions in 
order to provide advice on the likely position 
of vitamin K within a treatment algorithm. 
Vitamin K has been explicitly compared with two 
bisphosphonates (alendronate and risedronate) 
and strontium ranelate.

The authors of the review have been involved 
with several evaluations of the clinical and cost-
effectiveness of interventions for preventing 
fractures.1–5 In the more recent work,4,5 data on the 
risk of osteoporotic fracture were provided under 
an academic-in-confidence agreement; permission 
to use these data were not granted for this report 
and therefore a different methodology has been 
adopted for calculating fracture risk.

Chapter 1  
The aim of the review
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The internationally agreed definition 
of osteoporosis is a systemic skeletal 

disease characterised by low bone mass and 
microarchitectural deterioration of bone tissue, 
with a consequent increase in bone fragility and 
susceptibility to fracture.6

The clinical significance of osteoporosis lies 
in the fractures that arise; without a fracture a 
woman suffering from osteoporosis will not suffer 
morbidity. The most common fractures include 
vertebral compression fractures and fractures of the 
distal radius and the proximal femur (hip fracture). 
In addition, when the skeleton is osteoporotic, 
fractures occur more commonly at many other 
sites including the pelvis, proximal humerus, 
distal femur and ribs. The incidence of fracture is 
strongly related to age, with a steady increase in 
incidence as a woman ages.7 

Fractures of the spine often go undetected; it is 
estimated that only one-third of fractures seen 
in trials in which morphometric criteria are 
used to establish the presence of a fracture come 
to clinical attention.8 There is a good deal of 
uncertainty surrounding the impact of undetected 
‘morphometric’ fractures on the quality of life 
of the sufferer, and any cost impacts that such 
fractures have.

Osteoporotic fractures occurring at the spine and 
the distal radius are associated with significant 
morbidity, but the most serious consequences arise 
in patients with hip fracture, which is associated 
with an increase in mortality in the year following 
the hip fracture.9 

It has been estimated that the cost of treating 
osteoporotic fractures in female postmenopausal 
patients in the UK in 2000 was approximately 
£1.5–1.8 billion per annum.10,11 It has been 
estimated that these costs will increase to £2.1 
billion by 2010.11 The key components of the 
costs associated with osteoporotic fractures are hip 
fractures and subsequent nursing home care that is 
required for a proportion of these patients.

This report is focused on postmenopausal women 
because of the deterioration of bone quality 
following the menopause.

Description of osteoporosis, 
osteopenia and severe 
(established) osteoporosis
The definition of osteoporosis based on bone 
mineral density (BMD) has been developed because 
BMD can be measured with precision and accuracy, 
allowing definitive diagnoses of osteoporosis. 
However, it is acknowledged that other factors such 
as abnormalities within the skeleton and risk of 
falls are also important in determining the risks of 
fracture. Nevertheless, BMD alone forms the basis 
for the diagnosis of osteoporosis. 

The units used in this report for assessing the BMD 
of a woman will be T-scores and Z-scores. A T-score 
is defined as the number of standard deviations 
(SD) from the average BMD of healthy young 
women. A Z-score is defined as the number of SDs 
from the average BMD of women of the same age 
as the patient.

Two thresholds of BMD have been proposed for 
Caucasian women based on the T-score.12,13 The 
first, osteoporosis, denotes a value for BMD that is 
2.5 SD or more below the young adult mean value 
(T-score –2.5 SD or less). The second, osteopenia, 
denotes a T-score that lies between –1 and –2.5 SD 
below the young adult mean value. These values 
refer to the use of dual X-ray absorptiometry at 
the lumber spine, hip (total hip or femoral neck) 
and the forearm. Other measurement methods, 
such as quantitative ultrasound or quantitative 
computerised tomography, or other sites, such as 
the calcaneus, do not produce comparable results. 

The class of osteoporosis is further divided into 
patients with severe (or established) osteoporosis, 
which is defined as a T-score of –2.5 SD or less 
plus at least one documented fracture. In this 
report severe osteoporosis will be used to define 
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patients who have a T-score of –2.5 SD or less with 
a previous fracture. The term osteoporosis will be 
used to define patients with a T-score of –2.5 SD or 
less without a previous fracture.

Since the introduction of working definitions of 
osteoporosis, much attention has focused on their 
application to epidemiology, clinical trials and 
patient care. Several problems have emerged, 
however, largely because of the development of 
new measurement techniques applied to many 
different sites. It is now clear that the same T-score 
derived from different sites and techniques yields 
different information on fracture risk, even when 
adjustments are made for age. Thus, the T-score 
cannot be used interchangeably with different 
techniques and at different sites. 

The site that we have chosen to use is measurement 
at the femoral neck, as this is the reference site for 
diagnosis because of the limitations of early dual 
X-ray absorptiometry machines.14 Accordingly, the 
statistical relationships that have been established 
between increased fracture risk at the hip and 
Z-score (the T-score of the women minus average 
T-score for that age and sex) have been undertaken 
at this site.15,16

Epidemiological data

The prevalence of osteoporosis by age
Raw data were taken from a UK population-
based study by Holt et al.17 and used to calculate 
the relationship between T-score and age. The 

prevalence of osteoporosis within the UK has 
also been estimated from these data. This data 
set contained observations on 5713 women aged 
between 50 and 85 years and used the National 
Health and Nutritional Evaluation Study III 
(NHANES III) reference data for women aged 
20–29 years.

The percentage of women with a T-score of –2.5 
SD or less, as measured at the femoral neck, was 
recorded. These data are shown in Figure 1; there 
is a marked increase in the percentage with a 
T-score of –2.5 SD or less with age. The database 
taken from the Holt et al. study17 had relatively few 
women aged between 80 and 84 years (n = 40). The 
confidence interval around the prevalence at this 
age is wide (Figure 1). Assuming, however, that the 
midpoint values are correct, and multiplying these 
prevalence rates by the respective population of 
England and Wales,18 it is estimated that there are 
0.95 million women suffering with osteoporosis. 
Assuming that the lower 95% confidence intervals 
are correct would result in a predicted 0.69 million 
women with osteoporosis; conversely, assuming 
that the upper 95% confidence intervals are correct 
would result in a predicted 1.22 million women 
with osteoporosis. 

The average T-score at the femoral neck at each 
age band was calculated from the UK population 
data in the Holt et al. study.17 A linear relationship 
was assumed and the T-score was assumed to 
be 2.0251–(0.0512 × age in years). The assumed 
average T-score at the midpoint of each age band 
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TABLE 1 Average T-scores for women by age band 

Age (years) Average UK T-score17a Z-score at threshold of osteoporosis (T-score of –2.5 SD)a

50–54 –0.66 –1.84

55–59 –0.92 –1.58

60–64 –1.17 –1.33

65–69 –1.43 –1.07

70–74 –1.69 –0.81

75–79 –1.94 –0.56

80–84 –2.20 –0.3

85–89 –2.45 –0.05

a Compared with the NHANES III reference data for women aged 20–29 years.

is given in Table 1. It is seen that, above 85 years of 
age, the average T-score for women almost reaches 
the threshold for osteoporosis.

Fractures considered to be osteoporotic
Historically, four fracture sites were considered in 
estimating the cost-effectiveness of interventions to 
reduce fractures. These were the hip, spine, wrist 
and proximal humerus. Recent modelling work4 
has increased the number of sites included because 
of evidence that further sites are considered to be 
related to osteoporosis.19 The additional fracture 
types included are fractures of the pelvis, humeral 
shaft, tibia, fibula, scapula, ribs and sternum and 
other femoral fractures.

Description of new intervention

Vitamin K is a fat-soluble vitamin that occurs 
naturally in two forms, K1 and K2. Vitamin K has 
also been synthesised in the forms K3–K7.

In most parts of the world, including Europe and 
the USA, the primary dietary source of vitamin 
K is vitamin K1 (also known as phylloquinone).20 
Phylloquinone occurs naturally in a range of 
foodstuffs, especially green leafy vegetables.21 
The commercially prepared versions of vitamin 
K1, phytonadione22 and phytomenadione, are 
chemically identical to phylloquinone. 

The term vitamin K2 embraces a family of 
compounds known as the menaquinones. These 
are of microbial origin23 and occur in nutritionally 
significant amounts only in meat, liver and 
some fermented foods, including cheese.24 The 
richest known dietary source of vitamin K is 

natto, a product derived from fermented soya 
beans. Almost all of the vitamin K in natto takes 
the form of menaquinone-7 (MK-7).25 Although 
natto is a traditional food in eastern Japan,23 
it is not popular elsewhere.25 Vitamin K2 is also 
synthesised in the colon, but absorption of this 
synthesised vitamin K is probably so poor as to 
make only a minor contribution to overall vitamin 
K status.24 Menaquinone-4 (MK-4, also known as 
menatetrenone) is also produced synthetically.

Vitamin K3 (menadione) is a synthetic form of 
vitamin K that is converted to menatetrenone 
(MK-4) in the body.26 Vitamin K4 (menadiol 
sodium diphosphate) is a synthetic water-
soluble preparation for use in patients with fat 
malabsorption.27

Vitamin K: function

The first identified function of vitamin K was its 
role in blood coagulation. Because insufficiency 
results in a tendency to bleed as a result of the 
malfunction of vitamin K-dependent clotting 
factors,28 it was defined as vitamin K-responsive 
hypoprothrombinaemia, measured clinically by 
the prothrombin time (the time it takes for blood 
to clot). Such ‘classic’ (‘clinical’) insufficiency is 
rare and severe.29 Because neonates are relatively 
deficient in vitamin K it is recommended that they 
be given a single intramuscular injection of 1 mg of 
vitamin K1 (as phytomenadione) at birth, to prevent 
vitamin K deficiency bleeding.27 Because of its role 
in coagulation, vitamin K is contraindicated in 
patients on anticoagulant therapy as it may reduce 
its efficacy. However, it has been claimed that doses 
below 100 µg/day do not appear to cause problems 
in such patients.26
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More recently, it has been recognised that vitamin 
K plays a role in the absorption of calcium into 
the bone.27 Because of evidence that a low dietary 
intake of phylloquinone is associated with an 
increased risk of hip fracture in older women,30,31 
it has been suggested that vitamin K deficiency 
that is subclinical in terms of blood clotting may 
nonetheless be associated with the development 
of osteoporosis. Such deficiency is likely to be 
considerably more common than classic clinical 
deficiency measured by the prothrombin time.29 
However, a recent Danish observational study32 
of a cohort of perimenopausal women found no 
significant difference in BMD between the 5% with 
the lowest vitamin K1 intake and the 5% with the 
highest vitamin K1 intake at baseline (< 24.5 µg/
day versus > 209 µg/day) or after 5 years (< 17 µg/
day versus > 214 µg/day); the nested case–control 
study found no difference in fracture risk between 
the 5% with the lowest vitamin K1 intake (< 46 µg/
day) and the 5% with the highest vitamin K1 intake 
(> 210 µg/day). The apparent association identified 
in epidemiological studies between a low dietary 
intake of phylloquinone and an increased risk of 
hip fracture may thus reflect the poor nutritional 
status of women with hip fracture rather than a 
specific effect of vitamin K deficiency on bone.33,34

Although vitamins K1 and K2 appear to have very 
similar actions in relation to haemostasis, they may 
have different roles in relation to bone function.28

Vitamin K: recommended daily 
intake

There is no precise UK recommended daily intake 
for vitamin K. COMA (the UK Department of 
Health’s Committee on Medical Aspects of Food 
Policy) has suggested that a daily intake of 1 µg/
kg body weight [approximately 64 µg/day for a 
64-kg (10-stone) woman] is probably adequate 
for blood clotting,35 and UK vitamin supplements 
intended for general consumption may contain up 
to 0.045 mg (45 µg) of vitamin K as either vitamin 
K1 or vitamin K2.

35 However, it has been suggested 
that dietary intakes that are sufficient to maintain 
normal blood coagulation may be suboptimal for 
bone health.24 The US recommended daily dietary 
intake is somewhat higher than the suggested UK 
intake, at 90 µg/day of phylloquinone for women 
aged 19 years and over, a figure based on reported 
intakes in apparently healthy US population 
groups.24 As there is currently insufficient 
evidence to differentiate between vitamin K1 and 
vitamin K2 requirements,26 there is no UK or US 
recommended daily intake specifically for vitamin 

K2. Although the majority of efficacy evidence 
for vitamin K has come from Japanese studies, 
it has not been possible to identify the Japanese 
recommended dietary intake for vitamin K.

The safe upper limit for vitamin K consumption is 
not clear. The safe maximal daily intake of vitamin 
K1 has previously been claimed to be 32.5 mg,36 
but in 2003 the Expert Group on Vitamins and 
Minerals35 concluded that there were insufficient 
data to establish a safe upper limit. However, it is 
claimed that intakes of up to 1 mg/day of vitamin K1 
and 45 mg/day of menatetrenone have been used 
with no apparent adverse effects in patients not 
requiring oral anticoagulation.26 The Expert Group 
on Vitamins and Minerals35 noted no toxicity 
related to oral vitamin K1 or K2, although toxicity 
was associated with high doses of vitamin K3.

Because the body only stores enough vitamin 
K to meet its needs for a few days, these stores, 
unlike those of other fat-soluble vitamins, are 
rapidly depleted.29 Deficiency may therefore occur 
within a short period either when dietary intake 
is insufficient or when the intestinal bacteria that 
synthesise vitamin K2 are disrupted,37 for instance 
after prolonged treatment with oral antibiotics. 
Deficiency may also occur in patients with fat 
malabsorption.27 There is also evidence to suggest 
that, in women, oestrogen levels may influence 
vitamin K status regardless of diet; however, the 
mechanisms involved are currently not known.34

Vitamin K: actual daily intake in 
elderly women in the UK

Phylloquinone forms the main source of dietary 
vitamin K in Western countries, with a lesser 
contribution from the menaquinones. The fraction 
of the daily vitamin K requirement provided by 
menaquinones produced by bacteria in the bowel is 
unknown.29 

Some research has sought to assess the extent 
to which elderly people in Britain achieve the 
guideline dietary intake of phylloquinone. In 1994–
5, in a nationally representative sample of women 
aged 65 years and over living independently 
in mainland Britain, the geometric mean daily 
phylloquinone intake was 61 µg [95% confidence 
interval (CI) 57 to 64 µg], equivalent to 0.99 µg/kg 
body weight (95% CI 0.93, 1.05 µg/kg),38 an intake 
very close to the UK recommended daily intake of 
1 µg/kg body weight. However, average daily body 
weight-adjusted intakes decreased significantly 
with age and also varied by geographical location 
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TABLE 2 Daily phylloquinone intake in British women living in the community and aged 65 years and over38

µg/day (geometric mean) 95% CI

Age group (years)

65–74 66 61 to 71

75–84 57 52 to 63

85+ 45 38 to 55

Region

London and South East 74 66 to 83

Central, South West and Wales 61 56 to 66

Scotland and North 49 46 to 53

(Table 2). Overall, approximately half of the women 
studied had daily intakes below the guideline level 
of 1 µg/kg body weight.38

Some studies suggest that the absorption of 
vitamin K is increased when it is consumed with a 
meal containing fat. A small experimental study39 
in healthy volunteers found that absorption of 
phylloquinone (vitamin K1) from boiled spinach 
was increased three-fold by the addition of 
butter, whereas another experimental study40 
in healthy young Japanese men found that, for 
optimum absorption, 15 mg of supplementary 
menatetrenone should be consumed with a meal 
containing 35 g of fat [approximately half the 
recommended daily fat intake (60 g) for a 20-year-
old Japanese male]. However, the Expert Group 
on Vitamins and Minerals35 has stated that the 
bioavailability of vitamin K1 is not affected by the 
fat content of the accompanying meal.

Vitamin K: actual daily intake in 
elderly women in Japan

Because the evidence for the antifracture efficacy 
of menatetrenone comes entirely from Japanese 
studies, it is important to consider the extent 
to which the daily vitamin K intake of elderly 
women in Japan resembles that of elderly women 
in the UK. The traditional Japanese diet differs 
considerably from the British diet, as does the 
daily dietary vitamin K intake. Research has shown 
that the serum concentration of phylloquinone 
is somewhat higher in postmenopausal Japanese 
women than in postmenopausal English women 
(Table 3); this is independent of the habit of eating 
natto, a foodstuff that is very popular in eastern 
Japan but seldom eaten in western Japan. However, 
serum MK-7 is 14 times as high in postmenopausal 

women living in Tokyo as in English women, 
and this difference is largely attributable to natto 
intake.28 As seen in Table 3, serum MK-7 is also over 
four times higher in Tokyo (eastern Japan) than 
in Hiroshima (western Japan), and in 1987 the 
incidence of hip fracture in women was lower in 
eastern Japan than in western Japan.41

Vitamin K: commercial 
preparations

Vitamin K is currently licensed within the EU for 
two indications:

• to prevent deficiency in people with fat 
malabsorption, using the water-soluble 
formulation, menadiol sodium phosphate, at a 
dose of about 10 mg/day27 

• to prevent vitamin K deficiency bleeding 
in neonates (haemorrhagic disease of the 
newborn), using phytomenadione usually given 
at birth as a single intramuscular injection of 
1 mg.27

Vitamin K is available for oral administration in 
five formulations:

• Phytonadione – A form of phylloquinone 
produced commercially by Merck and 
marketed as 5-mg tablets under the brand 
name Mephyton. It is marketed for use in 
coagulation disorders, and the specified dosage 
(a single initial dose of 2.5–25 mg or, rarely, 
50 mg, the frequency and size of subsequent 
doses depending on the patient’s response) 
relates to that application only.42 No UK price 
has been identified for this product.

• Phytomenadione – A synthetic form of 
phylloquinone used in nearly all vitamin 
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TABLE 3 Serum concentration of vitamin K in postmenopausal women in England, Hiroshima and Tokyo23

Location Mean serum concentration of vitamin K ± SD

ylloquinone (ng/ml) MK-7 (ng/ml)

England 0.497 ± 0.537 0.371 ± 0.204

Hiroshima (western Japan) 0.741 ± 0.581 1.221 ± 1.848

Tokyo (eastern Japan) 0.727 ± 0.461 5.268 ± 6.132

MK-7, menaquinone-7.

K-containing food supplements and 
multivitamins available in the Western 
world.25,26 Phytomenadione is produced 
commercially by Roche and marketed as 10-mg 
tablets under the brand name Konakion, at a 
price of £1.65 per 10-tablet pack.43 Konakion is 
marketed for the treatment of haemorrhage or 
threatened haemorrhage associated with a low 
blood level of prothrombin or factor VII; the 
specified dosage (a single dose of 10–20 mg, 
repeated if necessary 8–12 hours later) relates 
to that application only.44

• Menatetrenone (MK-4) – A synthetic 
menaquinone almost exclusively used in 
Japan25 where it is produced commercially by 
Eisai and marketed in 15-mg capsules under 
the brand name Glakay.45 As menatetrenone 
has a half-life in the circulation of 1–2 hours,46 
it is recommended that it be taken three times 
a day, giving a total daily dose of 45 mg.45 
The product information leaflet states that 
Glakay should be taken after meals because 
its absorption is decreased when taken on an 
empty stomach and that absorption is also 
decreased if the meal has a low fat content.45 
Menatetrenone is currently not permitted as a 
food supplement in the EU because there is no 
evidence for its independent role in health.26 
No UK price has been identified for this 
product.

• MK-7 – A natural menaquinone extracted 
from natto, which has only recently become 
commercially available.25 As MK-7 has a half-
life in the circulation of 3 days, it may be more 
effective than menatetrenone as a low-dose 

supplement.46 MK-7 currently appears to be 
marketed in the UK only by Solgar, in 100-µg 
tablets; it is available online at a cost of £20.69 
for 50 tablets.47 

• Menadiol phosphate – Menadiol phosphate 
is produced by Cambridge Laboratories as 
menadiol sodium phosphate tablets, equivalent 
to 10 mg of menadiol phosphate.27 It is 
marketed for the treatment of haemorrhage 
or threatened haemorrhage associated with 
a low blood level of prothrombin or factor 
VII, generally caused by obstructive jaundice 
(before and after surgery); the specified dosage 
(10–40 mg daily) relates to that application 
only.48 The net price per 100-tablet pack is 
£48.25.27

The length of time for which these formulations 
are taken will vary according to the purpose for 
which they are being used. In principle, their use 
for osteoporosis prophylaxis could be lifelong.

Contraindications

Vitamin K is contraindicated in patients on 
anticoagulant therapy as it may reduce its efficacy. 
However, it has been claimed that vitamin K doses 
below 100 µg/day do not appear to cause problems 
in such patients.26

The product leaflet for Glakay capsules 
(menatetrenone) states that treatment should be 
discontinued should rash, redness, pruritus or 
other symptoms occur.45
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Methods for reviewing 
effectiveness
Identification of studies
Systematic searches were undertaken to identify 
studies relating to the clinical effectiveness of 
vitamin K in preventing osteoporotic fractures. 
The search strategy comprised the following main 
elements: 

• searching of electronic databases
• contact with experts in the field 
• hand searching of bibliographies of retrieved 

papers. 

Sources searched
The electronic databases searched included 
MEDLINE, MEDLINE In-Process, EMBASE, 
Cochrane Database of Systematic Reviews, 
Cochrane Controlled Trials Register, BIOSIS, 
CINAHL, DARE, NHS EED and HTA databases, 
AMED, NRR (National Research Register), Science 
Citation Index and Current Controlled Trials. The 
Food Standards Agency website was browsed. The 
searches were undertaken in May 2007; in addition, 
the MEDLINE search was updated in March 2009. 

Keyword strategies
The search strategies included subject headings 
and free text terms, combined using Boolean logic, 
to identify all published and unpublished data 
relating to the prevention of fractures using vitamin 
K. The MEDLINE search strategy is presented 
in Appendix 1. Search strategies for the other 
databases are available on request.

Search restrictions
Searches were not restricted by publication type, 
date of publication or language.

Inclusion and exclusion criteria

Inclusion criteria
Participants
Postmenopausal women with osteoporosis/
osteopenia [defined as BMD 1.5 SD or more below 
the young female adult mean value (T-score –1.5 
SD or less) or a previous osteoporotic fracture].

Intervention
• Oral vitamin K (any dose).

Comparators
• Placebo or no treatment for bone health other 

than ensuring that the patient is replete of 
calcium and vitamin D.

• The following drugs, which are licensed in 
the UK for the prevention or treatment of 
postmenopausal osteoporosis: alendronate, 
etidronate, risedronate and strontium ranelate.

Although raloxifene and teriparatide are also 
licensed in the UK for the prevention or treatment 
of postmenopausal osteoporosis, they were 
excluded as comparators because of the restrictions 
placed on their use in the recent National Institute 
for Health and Clinical Excellence (NICE) 
guidance regarding the use of treatments for 
osteoporosis49. 

Outcome measures
The main outcome measures were:

• all-cause mortality 
• incident vertebral fracture
• incident non-vertebral fracture
• adverse effects
• continuance 
• compliance 
• health-related quality of life
• costs incurred.

Only randomised controlled trials (RCTs) that 
reported fracture outcomes were included in 
the review of clinical effectiveness. However, this 
criterion was relaxed for consideration of adverse 
events, allowing inclusion of observational studies 
or RCTs that did not report fracture outcomes. 

Study design
• RCTs.
• Economic evaluations.

Discussion of outcome measures
Vertebral fractures
Vertebral fractures may be symptomatic or 
asymptomatic. Symptomatic, or clinical, vertebral 
fractures cause either sufficient discomfort for 
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the patient to bring them to the attention of a 
health professional or a measurable loss of height. 
Their presence can be confirmed by radiography. 
Radiography can also identify asymptomatic 
fractures. Most studies of antiosteoporotic 
agents report radiographically identified 
vertebral fractures (also termed radiographic or 
morphometric); these will include symptomatic 
as well as asymptomatic fractures. However, some 
studies either report only clinical fractures or 
present separate data on clinical and radiographic 
fractures. Data from the Fracture Intervention 
Trial (FIT),50 a large placebo-controlled trial of 
alendronate, suggest that, in postmenopausal 
osteoporosis, the relative risk (RR) of the two types 
of fracture is very similar. 

None of the various different approaches that have 
been developed to identify radiographic vertebral 
osteoporotic fractures has been agreed to be the 
gold standard. The purely qualitative approach, 
which depends on the visual identification of 
abnormalities in vertebral shape or height, is a 
subjective method with poor inter- and intrarater 
reliability; however, unlike a purely quantitative 
method, when performed by an expert it can 
exclude vertebral abnormalities that are not 
osteoporotic in origin.51 More recently, Jiang 
et al.51 have developed an algorithm-based 
qualitative approach that aims to facilitate 
differentiation between osteoporotic fracture 
and deformity due to other causes. Quantitative 
methods are more objective and reproducible 
than qualitative methods but they may identify 
non-fracture deformities as fractures whilst failing 
to recognise mild end-plate fractures.51 However, 
the number of false positives may be reduced 
if the definition of incident fracture requires a 
20% or greater reduction in anterior, central or 
posterior vertebral height.52 The semiquantitative 
method developed by Genant et al.53,54 grades 
each vertebra according to the visually apparent 
degree of reduction in vertebral height and area, 
irrespective of the type of deformity, but also gives 
careful attention to changes in vertebral shape, 
enabling non-fracture deformities to be excluded 
whilst end-plate fractures that are not associated 
with a 20% reduction in vertebral height can be 
identified.55 The semiquantitative method is more 
objective and reproducible than the qualitative 
method and has better specificity and sensitivity 
than the quantitative method because it reduces 
the number of false positives while identifying 
mild deformities that the quantitative method 
would exclude.55 However, some researchers claim 
that the semiquantitative method can be difficult 

to apply accurately and that it overestimates 
fracture prevalence by failing to differentiate 
adequately between true fractures and non-fracture 
deformities.51,56 

Non-vertebral fractures
Traditionally, most studies of antiosteoporosis 
interventions have reported only those non-
vertebral fractures that are so-called fragility 
fractures, defined as low trauma fractures (e.g. 
those sustained by falling from standing height or 
less). However, more recently, the prospective Study 
of Osteoporotic Fractures57 found that decreases 
in BMD increase the risk of fracture occurring as 
a result of severe trauma such as motor vehicle 
accidents, and therefore recommended that 
traumatic fractures should be included as outcome 
measures in osteoporosis trials. 

Adverse events
Randomised controlled trials whose main focus 
is the efficacy of the study intervention have 
limited ability to assess drug toxicity because they 
are generally not powered to reliably detect rare, 
though potentially serious, adverse drug reactions 
and because their follow-up period is not long 
enough to permit the detection of either adverse 
drug reactions widely separated in time from the 
original use of the drug or delayed consequences 
associated with long-term therapy.58 In addition, 
their populations may not be wholly typical of 
the target population, as they tend to exclude 
older participants and those with comorbidities. 
Moreover, they do not always measure all potential 
side effects.59 For this reason, although studies 
reporting survival and adverse effects were 
included in the systematic review only if they 
also reported either fracture outcomes or health-
related quality of life, the use of relevant evidence 
from other sources was not excluded in relation to 
adverse events. A systematic search was therefore 
carried out in MEDLINE to identify evidence 
of the adverse effects of vitamin K therapy in 
osteoporotic patients in the form of RCTs designed 
specifically for this purpose and other types of 
studies that are important in identifying drug-
related adverse events: retrospective analyses of 
large databases (e.g. prescription-event monitoring 
studies), cohort studies (including postmarketing 
surveillance studies), case–control studies, cross-
sectional surveys and case reports.

Continuance and compliance
The efficacy of a therapy is clearly affected by the 
extent to which patients take it in the intended 
manner. This has two aspects:
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• continuance: the length of time for which 
a patient continues to take a prescribed 
medication (sometimes termed persistence) 

• compliance: the extent to which a patient takes 
the medication each day in accordance with the 
prescribed dosage regimen.

Some patients may demonstrate good continuance, 
in that they persist with the medication for a long 
period, but poor compliance. Other patients may 
demonstrate perfect compliance for a relatively 
short period but then completely cease taking the 
medication. Yet other patients may demonstrate 
partial compliance, occasionally missing doses or 
taking extra doses; such partial compliance may be 
erratic or may be consistent but different from what 
the physician prescribed.60 It has been suggested 
that partial compliance (defined as taking 20–79% 
of the prescribed medication) is associated with 
inconsistent dosing, whereby the patient takes 
the drug in an erratic pattern of near-perfect 
compliance interspersed with multiple omissions 
of single doses or of 2 or more consecutive days’ 
doses.61 

Compliance and continuance can be assessed by a 
number of methods, including:

• patient recall (e.g. self-reported questionnaire)
• pill counts
• self-recorded diaries 
• electronic devices that record the date and time 

of opening of the drug containers
• direct measurements of therapeutic response, 

such as blood tests 
• repeat prescriptions.

However, none of these methods is ideal in terms 
of determining whether or when the patients 
actually took the medication; direct measurements 
such as blood tests may be confounded by an 
unknown degree of variation in therapeutic 
response, whereas the remainder depend on the 
reliability of self-reporting or the assumption that 
dispensed medication has actually been used by the 
patient.62 For example, it has been estimated that 
careful questioning will detect over 50% of non-
compliant patients, but even patients who admit 
to missing medication during the previous day 
or week tend to overestimate their actual rate of 
compliance.63 Moreover, a study of the proportion 
of medication taken would not necessarily identify 
partial compliance that involved either extra doses 
or deviations from the prescribed time of dose. 
In a random sample of patients participating in 
a controlled trial of fluvastatin versus placebo,61 
electronic monitoring found that, although mean 

compliance as measured by the number of doses 
taken was found to be 94% (range 54–110%), mean 
compliance as measured by the number of days on 
which the correct number of doses was taken was 
only 81% (range 36–100%), and mean compliances 
to the prescribed morning and evening dosing 
schedules (i.e. within ± 6 hours) were only 71% 
(range 23–100%). Thus, compliance measured 
by pill counts is likely to overestimate the actual 
degree of compliance with medication.

Unsurprisingly, continuance and compliance 
with a medication are related to a number of 
the properties of that medication, including its 
tolerability, its convenience of administration, 
the patient’s perception of its safety, and quality 
of life while on treatment.64 Thus, compliance 
decreases as the complexity, cost and duration of 
the regimen increase. The risk of non-continuance 
or non-compliance with prescribed medication is 
particularly high in patients with asymptomatic 
chronic diseases or risk factors that require long-
term preventive medication64 – in other words, 
patients with conditions such as osteopenia, or 
osteoporosis without previous fracture. Because 
treatment brings no immediately apparent benefits 
to such patients, they are less well motivated to 
comply long term, and find any minor side effects 
less acceptable.65 

Continuance and compliance are clearly important 
in assessing the actual, rather than theoretical, 
efficacy of a medication. It is recognised that, for a 
number of reasons, continuance at least is likely to 
be substantially better in clinical trials than in real 
life. Therefore, as with adverse effects, we did not 
exclude the use of relevant evidence from other 
sources to supplement that drawn from the studies 
under review.

Exclusion criteria
The following publication types were excluded 
from the review:

• non-randomised studies (except for adverse 
effects or continuance and compliance)

• animal models
• preclinical and biological studies
• narrative reviews, editorials, opinions
• reports published as meeting abstracts only 

when insufficient methodological details were 
reported to allow critical appraisal of study 
quality.

Systematic reviews of primary studies were also 
excluded from the review but were read in case 
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they led to the identification of additional relevant 
trials.

In addition, studies were excluded if:

• they were considered methodologically 
unsound in terms of either study design or 
method used to assess fractures, or if they did 
not report results in the necessary detail 

• the participants were not vitamin D replete 
and/or had insufficient calcium intake.

Sifting 
The references identified by the literature searches 
were sifted in three stages. They were screened 
for relevance first by title and then by abstract. 
Those papers that seemed from their abstracts to 
be relevant were then read in full, as were those for 
which abstracts were not available. At each step, 
studies that did not satisfy the inclusion criteria 
were excluded.

Data extraction strategy

Data were extracted by one reviewer using a 
customised data extraction form based on that 
proposed by the NHS Centre for Reviews and 
Dissemination.66 When multiple publications of the 
same study were identified, data were extracted and 
reported as a single study. Any disagreements were 
resolved by discussion.

When available, data relating to the following 
outcomes were extracted:

• survival
• incident vertebral fractures
• incident non-vertebral fractures
• incident hip fractures
• incident wrist fractures
• incident humeral fractures
• adverse effects
• continuance and compliance.

Quality assessment strategy

The methodological quality of all trials that met the 
inclusion criteria was assessed according to criteria 
based on those proposed by the NHS Centre for 
Reviews and Dissemination66 (see Appendix 2). In 
addition, the quality of identification of incident 
fractures was assessed using the criteria proposed 
by Gillespie et al.67 When a study was reported in 
more than one publication, its quality was assessed 
on the basis of the combined data from all relevant 
publications.

It is recognised that the quality assessment tool 
inevitably assesses the reported quality, and not 
necessarily the true methodological quality, of each 
study. 

The quality assessment of studies included in the 
review of clinical effectiveness was carried out by 
one researcher. Blinding of the quality assessor to 
author, institution or journal was not considered 
necessary.68,69

Meta-analysis strategy

Studies that met the review’s entry criteria were 
eligible for inclusion in the meta-analysis if this 
was appropriate (i.e. if the study populations, 
interventions and outcomes were comparable) and 
if they reported fracture incidence in terms of the 
number of subjects suffering fractures, as only this 
will enable the calculation of the RR of subjects in 
the intervention group developing a new fracture 
or fractures compared with subjects in the control 
group. Studies that reported only the number 
of fractures in each group, or the proportion of 
subjects in each group who suffered fractures, could 
not be included in the meta-analysis unless it was 
possible to obtain from the authors unpublished 
information on the actual number of subjects in 
each group who were known to have either suffered 
or not suffered fractures. 

Meta-analysis was carried out using Review 
Manager software (revman).70 Both fixed- 
and random-effects models were used, and 
heterogeneity was explored through consideration 
of the study populations, methods and 
interventions, by visualisation of the results and, 
in statistical terms, using the chi-squared test for 
homogeneity and the I2 statistic.

Relative risks for individual studies have also been 
calculated using Review Manager.

Results 
Quantity and quality of research 
available
Number of studies of clinical efficacy 
identified

The electronic literature searches identified 1078 
potentially relevant articles. Of these, 14 articles 
related to five trials that compared vitamin K with 
a relevant comparator in postmenopausal women 
with osteoporosis or osteopenia (Figure 2).
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FIGURE 2 Clinical effectiveness: summary of study selection and exclusion – electronic literature searches.

Potentially relevant articles
identified and screened for

retrieval: n = 1078

Papers rejected at the title stage:
n = 1021

Total full papers screened:
n = 26

Total full papers accepted: n = 14
(relating to five studies of clinical

efffectiveness)

Full papers excluded:
n = 12

Total abstracts screened:
n = 57

Papers rejected at the abstract
stage: n = 31

Number and type of studies included

A total of five individual RCTs met the review 
inclusion criteria. The various publications relating 
to these studies are listed in Appendix 3.

Number and type of studies excluded, 
with reasons
As may be seen, a substantial number of the 
references identified by the electronic searches 
related to studies that did not meet the inclusion 
criteria and were thus excluded as part of the 
sifting process. Details are therefore given only 
of those references that were excluded at the 
full paper stage. These references are listed in 
Appendix 4 together with the reasons for their 
exclusion. 

Quantity and quality of research 
available
Phylloquinone (vitamin K1)
Only one study of phylloquinone met the review’s 
inclusion criteria. This was the ECKO study,71 a 
double-blind placebo-controlled trial that used 
a daily dose of phylloquinone of 5 mg, nearly 
60 times the US recommended daily dietary 
phylloquinone intake of 90 µg/day for adult 
women.24 The study population of postmenopausal 
women with osteopenia but without osteoporosis 
was predominantly (88%) European Canadian (i.e. 
Caucasian). The daily dietary calcium and vitamin 

D intakes of all participants were assessed and 
supplements were given as required to bring these 
to 1500 mg and 800 IU respectively.71

The ECKO trial was originally planned as a 
2-year study. However, because of interest in 
the long-term safety and antifracture efficacy of 
vitamin K, participants enrolled before 15 March 
2004 were subsequently invited to continue in a 
2-year extension. In total, 325 participants who 
had completed the first 24 months were invited 
to participate in this extension, and 261 (80%) 
agreed. However, because the extension study 
terminated before 66% (172/261) of those who had 
been enrolled had completed it, only 17% (73/440) 
of the original study participants completed the full 
4 years.71

For further details of study design and reporting 
quality see Appendix 4.

Menatetrenone (vitamin K2)
Four trials of menatetrenone met the review’s 
inclusion criteria: these were the studies by 
Iwamoto et al.72 and Shiraki et al.,73,74 the 
Osteoporosis Fracture (OF) study75 and the 
Yamaguchi Osteoporosis Prevention Study 
(YOPS).76 All were open-label trials that had as 
their population postmenopausal women with 
osteoporosis. All were carried out in Japan and, 



Clinical effectiveness

14

as none commented on the ethnicity of the study 
populations, probably all participants, but certainly 
the majority, were likely to be of Japanese ethnic 
origin. The trial by Shiraki et al. was originally 
planned as a 2-year study,73 but subsequently an 
extension study74 was carried out for 3 years, thus 
apparently bringing the total study period to 5 
years.

Three trials (OF study,75 Shiraki et al. study73,74 
and YOPS76) essentially compared menatetrenone 
with no treatment. Two of these trials stated that 
calcium was given to both the intervention and 
control groups. The dose of calcium used in the 
OF study was not specified.75 The Shiraki et al. trial 
originally gave participants a daily dose of 150 mg 
of elemental calcium,73 although the later extension 
study74 used a dose of 200 mg/day. The trial by 
Iwamoto et al.72 strictly encouraged all participants 
(apparently including those randomised to 
calcium) to consume 800 mg of calcium and 400 IU 
of vitamin D a day in their meals. The YOPS trial76 
made no mention of the use of calcium in any of 
the treatment groups.

In addition, two trials, the Iwamoto trial72 and the 
YOPS trial,76 compared menatetrenone alone with 
etidronate alone, and the Iwamoto trial compared 
menatetrenone alone with calcium alone. The 
YOPS trial also compared menatetrenone with 
hormone replacement therapy (HRT), calcitonin 
and alfacalcidol; these comparisons are not 
reported here.

All of the trials used a daily dose of 45 mg of 
menatetrenone (although this was not clear from 
the published data relating to the OF study, 
clarification was obtained from Eisai UK77). 
Although there is no recommended dietary intake 
for menatetrenone, 45 mg appears to be a high 
dose.

Menatetrenone is available in the form of Glakay 
capsules, which contain no more than 175 mg 
of hydrogenated oil,45 substantially less than the 
35 g of fat said to be required for the optimum 
absorption of menatetrenone.40 However, none of 
the trials specified that participants were advised 
to consume the study medication with a meal 
containing fat.

Three of the four trials were published as journal 
articles. However, the extension study of Shiraki et 
al.74 was only published in abstract form, whereas 
the results of the OF study75 were only reported in 
a press release. 

For further details of study design and reporting 
quality see Appendix 4.

Assessment of effectiveness
Phylloquinone (vitamin K1)
Phylloquinone: antifracture efficacy
The ECKO trial71 reported only clinical fractures. 
These included all fragility and non-fragility 
fractures except those of the fingers and toes. 
Phylloquinone was associated with a significant 
reduction in the risk of such clinical fractures 
(Table 4). As the trial was carried out in women 
with osteopenia, not osteoporosis, relatively few 
fractures were reported.

The study was not powered to identify a significant 
reduction in the risk of clinical fragility fractures 
(defined as low trauma fractures such as those 
sustained by falling from standing height).

Phylloquinone: adverse effects
In the ECKO trial,71 no serious adverse events 
were attributed to phylloquinone therapy. Indeed, 
it was suggested that phylloquinone might have 
anticancer effects as only three women in the 
phylloquinone group developed cancer compared 
with 12 in the placebo group (RR 0.26, 95% 
CI 0.07 to 0.90). The incidence of nausea and 
vomiting was similar in the intervention and 
placebo groups (5.1% versus 4.5%, p = 0.77).

The MEDLINE search identified no large, long-
term studies of the safety of phylloquinone 
therapy in the treatment of osteoporosis, and 
no postmarketing surveillance data could be 
identified. The Expert Group on Vitamins and 
Minerals35 noted no toxicity related to oral vitamin 
K1, although a review by Vermeer et al.26 referred to 
unpublished preliminary studies which suggested 
that vitamin K1 supplementation in doses higher 
than 1 mg/day might contribute to periodontal 
disease.

Phylloquinone: health-related quality of life
In the ECKO trial, health-related quality of life was 
not significantly different between the intervention 
and placebo groups.

Phylloquinone: continuance and compliance
In the ECKO trial, 91.2% of participants 
randomised to phylloquinone completed the 
first 2 years of the study, compared with 90.6% 
in the placebo group, suggesting relatively 
high continuance with study medication in 
both groups. However, 25% of eligible women 
in the phylloquinone group who were invited 
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TABLE 4 Phylloquinone in postmenopausal osteopenia: all clinical fractures

Study Dose Numbers in each group suffering clinical fractures

ECKO trial 200871 5 mg/day All clinical fractures:

Phylloquinone: 9/217 (4.2%)

Placebo: 20/223 (9.0%)

RR: 0.46 (95% CI 0.22 to 0.99)

Clinical fragility fractures:

Phylloquinone: 4/217 (1.8%)

Placebo: 11/223 (4.5%)

RR: 0.41 (95% CI 0.13 to 1.29) 

to participate in the study extension refused to 
continue, compared with 15% in the placebo 
group.71 The reasons for their refusal were not 
reported. 

The ECKO trial assessed compliance by counting 
leftover pills at follow-up visits; participants who 
took 80% or more of the study medication were 
considered compliant.71 Compliance at different 
time periods is presented in Table 5 and, as may 
be seen, is higher in the placebo group. The 
difference is particularly marked at 4 years, 
even though participants had been given the 
opportunity to refuse to participate in the study 
extension, and refusal was substantially higher 
in the phylloquinone group than in the placebo 
group.

Menatetrenone (vitamin K2)
Menatetrenone: antifracture efficacy
Vertebral fracture All four trials reported vertebral 
fracture data (Table 6). However, the extension 
study of Shiraki et al.74 reported the number 
of fractures rather than the number of women 
suffering those fractures and thus the RR of 
fracture for that period could not be calculated. 

The two trials that compared menatetrenone with 
cyclical etidronate found no difference between 

the two interventions in relation to vertebral 
fracture risk (Figure 3). However, it should be noted 
that both studies would have been substantially 
underpowered to demonstrate a difference in 
efficacy between two active interventions.

Of the trials that compared menatetrenone, with 
or without calcium, with no additional active 
treatment, only one, that by Shiraki et al.,73 reached 
statistical significance. In this trial, menatetrenone 
plus calcium was associated with a reduction 
in the risk of radiographic fractures relative to 
calcium alone. In two other trials, Iwamoto et al.72 
and YOPS,76 the point estimates also favoured 
menatetrenone but neither trial was large enough 
to achieve statistical significance. However, interim 
analyses from the substantially larger OF study75 
found no difference in the risk of vertebral fracture 
between women randomised to menatetrenone 
plus calcium and those randomised to calcium 
alone (Table 6). 

Meta-analysis of data from all four trials suggests 
that menatetrenone is not associated with a 
significant reduction in the risk of vertebral 
fracture compared with no active treatment (Figure 
4). However, this meta-analysis demonstrates 
substantial statistical heterogeneity, as indicated 

TABLE 5 Compliance with phylloquinone (data from the ECKO trial71)

Time point Phylloquinone Placebo

2 years 82.5% 83.9%

3 years 84.9% 89.9%

4 years 82.4% 93.3%
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TABLE 6 Menatetrenone in postmenopausal osteoporosis or osteopenia: vertebral fracture data

Study Dose Fracture definition
Number in each group suffering vertebral 
fracture 

Iwamoto 200172 45 mg/day A decrease of at least 20% in 
any vertical height ratio; or 
central/anterior or central/
posterior height less than 0.8; 
or anterior/posterior height 
less than 0.75

Menatetrenone: 2/23 (8.7%)
Etidronate: 2/25 (8.0%)
Calcium: 6/24 (25.0%)
RR menatetrenone vs etidronate: 1.09 (95% CI 0.17 
to 7.10)
RR menatetrenone vs calcium: 0.35 (95% CI 0.08 to 
1.55)

OF study 200575 45 mg/day77 Not specified Menatetrenone + calcium: 227/1619 (14.0%)
Calcium: 223/1638 (13.6%)
RR: 1.03 (95% CI 0.87 to 1.22)

Shiraki 2000,73 
200274

45 mg/day 2000 data: semiquantitative; 
≥ 20% decline in any of 
the three vertebral heights 
compared with baseline
2002 data: clinical fractures 
only

2000:
Menatetrenone + calcium: 13/91 (14.2%)
Calcium: 30/99 (30.3%)
RR: 0.47 (95% CI 0.26, 0.85)
2002:
Number of fractures: 
Menatetrenone + calcium: 33
Calcium: 54

YOPS 200476 45 mg/day A decrease of at least 20% in 
one of the ratios of vertebral 
height in intact vertebrae, or 
a decrease of at least 4 mm 
in vertebrae fractured at 
baseline; also semiquantitative 
assessment

Menatetrenone: 9/66 (13.6%)
Etidronate: 8/66 (12.1%)
No treatment: 17/66 (25.8%)
RR menatetrenone vs etidronate: 1.13 (95% CI 0.46 
to 2.74)
RR menatetrenone vs no treatment: 0.53 (95% CI 
0.25 to 1.10)

Review: Vitamin K
Comparison: 01 Vertebral fracture
Outcome: 02 Vertebral fracture – comparison with etidronate

Study or 
subcategory

Menatetrenone
n/N

Etidronate
n/N

RR (random) 
95% Cl

Weight
%

RR (random) 
95% Cl

Iwamoto 200172 2/23 2/25 18.34 1.09 (0.17 to 7.10)
YOPS76 9/66 8/66 81.66 1.13 (0.46 to 2.74)

Total (95% Cl) 89 91 100.00 1.12 (0.50 to 2.50)
Total events: 11 (Menatetrenone), 10 (Etidronate)
Test for heterogeneity χ2 = 0.00, df = 1 (p = 0.97), I2 = 0%
Test for overall effect: z = 0.27 (p = 0.79)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 3 Menatetrenone vs etidronate: vertebral fracture.

by the chi-squared test for heterogeneity, with its 
very low p-value of 0.01, and the moderately high 
I2 statistic of 71.4%, which measures the percentage 
of variation that is due to heterogeneity rather 
than chance.78 Meta-analysis of data from the three 
earlier trials indicates that this heterogeneity is due 

to the inclusion of the OF study (Figure 5); without 
data from this trial menatetrenone appears to be 
associated with a statistically significant reduction 
in the risk of radiographic vertebral fracture. This 
highlights the extent to which the results of the 
OF study differ from those of the other studies, 
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prompting exploration of the possible reasons for 
this difference and consideration of which results 
are more likely to represent the true antifracture 
efficacy of menatetrenone. Such an exploration can 
only be conjectural because of deficiencies in the 
published data relating to all four trials.

The OF study appears to differ from the other 
three trials in terms of its population (Table 7). 
All four trials took as an inclusion criterion the 
presence of osteoporosis diagnosed using the 
Japanese diagnostic criteria (see Appendix 5, Table 
31). Despite this, the OF study appears to have 
recruited participants at substantially lower risk 
of vertebral fracture than did the smaller studies; 
the fracture rate in the control group of the OF 
study, at under 14%, is less than half the mean 
fracture rate (28%) seen in the control groups of 
the smaller trials (Table 6). Because the OF study 
has not published data relating to the baseline 
characteristics of its population, it is not possible to 
determine whether it recruited a lower proportion 
of patients with pre-existing fractures than did 
the smaller trials. However, it seems unlikely 
that the difference in the OF study results can be 
attributed to hypothetical differences in the study 
populations; data from the FIT trial fracture79 and 
non-fracture80 arms indicate that an intervention 
with antifracture efficacy will result in a very similar 
RR of vertebral fracture in populations at higher 
and lower risk of fracture.

Alternatively, the lower fracture rate seen in the 
control group of the OF study may be due not to 
a difference in the study populations but to the 
use of a different definition of vertebral fracture. 

Whereas the other trials stated that they reported 
radiographic fractures, the OF study did not 
provide a fracture definition; it is therefore possible 
that only clinical fractures have been reported. 
However, this seems unlikely as the OF study 
describes its primary end point as ‘new incidence 
of vertebral fracture’, in contrast to its secondary 
end point, ‘new incidence of clinical fracture’ of 
any sort, including vertebral fracture.75 Moreover, 
although the reporting of only clinical vertebral 
fractures would have resulted in lower absolute 
fracture rates, evidence from the FIT trial50 
suggests that it should not have had a noticeable 
effect on the RR of fracture. 

Because the results of the smaller trials are 
systematically different from those of the larger 
OF study, it is possible that the difference in 
antifracture efficacy may relate to differences in 
methodological quality, most probably relating 
to the methods of randomisation and allocation 
concealment. All four trials were poorly reported, 
making it impossible to exclude the possibility of 
low methodological quality, but it is perhaps more 
likely that the three smaller trials were of lower 
quality than the larger one.

Finally, the heterogeneity between the trials may 
derive from publication bias. Small trials are 
particularly vulnerable to the play of chance, and 
it is impossible to exclude the possibility that, 
in addition to the published studies that favour 
menatetrenone, there may be a number of small 
unpublished trials whose results are either neutral 
or unfavourable to menatetrenone. This conjecture 
is strengthened by the fact that the considerably 

Review: Vitamin K
Comparison: 01 Vertebral fracture
Outcome: 01 Vertebral fracture

Study or 
subcategory

Menatetrenone
n/N

No active treatment 
n/N

RR (fixed) 
95% Cl

Weight
%

RR (fixed) 
95% Cl

Iwamoto 200172 2/23 6/24 2.15 0.35 (0.08 to 1.55)
OF study75 227/1619 223/1638 81.12 1.03 (0.87 to 1.22)
Shiraki 200073,74 13/91 30/99 10.51 0.47 (0.26 to 0.85)
YOPS76 9/66 17/66 6.22 0.53 (0.25 to 1.10)

Total (95% Cl) 1799 1827 100.00 0.93 (0.75 to 1.08)
Total events: 251 (Menatetrenone), 276 (No active treatment)
Test for heterogeneity χ2 = 10.48, df = 3 (p = 0.01), I2 = 71.4%
Test for overall effect: z = 0.96 (p = 0.34)

0.001 0.01
Favours treatment Favours control

0.1 1 10 100 1000

FIGURE 4 Menatetrenone vs calcium or no additional active treatment: vertebral fracture risk – meta-analysis using fixed-effects model.



Clinical effectiveness

18

Review: Vitamin K
Comparison: 01 Vertebral fracture
Outcome: 04 Vertebral fracture – excluding the OF study

Study or 
subcategory

Menatetrenone
n/N

No active treatment 
n/N

RR (fixed) 
95% Cl

Weight
%

RR (fixed) 
95% Cl

Iwamoto 200172 2/23 6/24 11.38 0.35 (0.08 to 1.55)
Shiraki 200073,74 13/91 30/99 55.68 0.47 (0.26 to 0.85)
YOPS76 9/66 17/66 32.94 0.53 (0.29 to 1.10)

Total (95% Cl) 180 189 100.00 0.48 (0.31 to 0.74)
Total events: 24 (Menatetrenone), 53 (No active treatment)
Test for heterogeneity χ2 = 0.25, df = 2 (p = 0.88), I2 = 0%
Test for overall effect: z = 3.33 (p = 0.0009)

0.001 0.01
Favours treatment Favours control

0.1 1 10 100 1000

FIGURE 5 Menatetrenone: vs calcium or no additional active treatment, excluding the OF study:75 vertebral fracture risk.

TABLE 7 Menatetrenone: population

Study

Percentage of study population with 
prevalent vertebral fractures at study 
entry

Percentage of group 
receiving no active 
treatment suffering 
incident vertebral 
fractures

Definition of 
incident vertebral 
fractureMenatetrenone 

No active 
treatment

Iwamoto 200172 30.4 29.2 25.0 Decrease of ≥ 20% 
in any vertical height 
ratio

Shiraki 200073 38.7 35.8 30.3 20% decline in any of 
the three vertebral 
heights

YOPS 200476 30.3 30.3 25.8 Decrease of ≥ 20% 
in any vertical height 
ratio

OF study 200575 Not specified Not specified 13.6 Not specified

larger OF study, which yielded non-significant 
results, has not been published in journal form. 
The number of studies is too small to allow 
publication bias to be assessed using a funnel plot. 

Thus, there seems no reason why the OF study 
should be excluded from the meta-analysis on the 
basis of clinical heterogeneity and, indeed, it could 
be argued that its results should be prioritised 
above those of the smaller trials as being less 
vulnerable to the play of chance. However, if 
data from all four trials are combined in a meta-
analysis, conservatively using the random-effects 
model, which gives considerably less weight to 
the larger OF study than does the fixed-effects 
model, menatetrenone is still not associated with 
a statistically significant reduction in vertebral 

fracture risk (RR 0.63, 95% CI 0.36 to 1.11; Figure 
6).

Vertebral fracture: post-hoc subgroup analyses Post hoc 
subgroup analysis undertaken by the OF study 
analysts75 found that menatetrenone was associated 
with a statistically significant reduction in vertebral 
fracture in women with five or more fractures at 
baseline (Figure 7). This result should be treated 
with caution because post hoc subgroup analyses 
do not represent true randomised comparisons. 
Moreover, in this particular instance, the subgroup 
was extremely small, representing only 4% of those 
originally enrolled in the study.

The OF study analysts75 also claimed that 
menatetrenone was associated with less height 
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Review: Vitamin K
Comparison: 01 Vertebral fracture
Outcome: 01 Vertebral fracture

Study or 
subcategory

Menatetrenone
n/N

No active treatment 
n/N

RR (random) 
95% Cl

Weight
%

RR (random) 
95% Cl

Iwamoto 200172 2/23 6/24 10.38 0.35 (0.08 to 1.55)
OF study75 227/1619 223/1638 38.27 1.03 (0.87 to 1.22)
Shiraki 200073,74 13/91 30/99 27.70 0.47 (0.26 to 0.85)
YOPS76 9/66 17/66 23.65 0.53 (0.25 to 1.10)

Total (95% Cl) 1799 1827 100.00 0.63 (0.36 to 1.11)
Total events: 251 (Menatetrenone), 276 (No active treatment)
Test for heterogeneity χ2 = 10.48, df = 3 (p = 0.01), I2 = 71.4%
Test for overall effect: z = 1.60 (p = 0.11)

0.001 0.01
Favours treatment Favours control

0.1 1 10 100 1000

FIGURE 6 Menatetrenone vs calcium or no additional active treatment: vertebral fracture risk – meta-analysis using random-effects 
model.

Review: Vitamin K
Comparison: 01 Vertebral fracture
Outcome: 03 Vertebral fracture – women with at least five fractures at baseline

Study or 
subcategory

Menatetrenone
n/N

No active treatment 
n/N

RR (random) 
95% Cl

Weight
%

RR (random) 
95% Cl

OF study75 34/99 46/79 100.00 0.66 (0.47 to 0.91)

Total (95% Cl) 89 79 100.00 0.66 (0.47 to 0.91)
Total events: 34 (Menatetrenone), 46 (No active treatment)
Test for heterogeneity: not applicable
Test for overall effect: z = 2.55 (p = 0.01)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 7 Menatetrenone vs no additional active treatment in women with at least five vertebral fractures at study entry: vertebral 
fracture.

loss than no treatment in women aged 75 years 
and older, women more than 30 years past the 
menopause and women who had at least five 
vertebral fractures at study entry. These claims 
should again be treated with caution because they 
derive from post hoc subgroup analyses. Moreover, 
the underlying data were not presented, making 
it impossible to assess either the proportion 
of participants included in the first of the two 
subgroups or the magnitude of the treatment 
effect.

Non-vertebral fracture Three trials reported non-
vertebral fracture data (Table 8 and Figure 8); 
however, none was powered to identify a statistically 
significant difference in the incidence of non-

vertebral fracture. In 2002, Shiraki reported only 
the number of fractures,74 not the number of 
participants suffering a fracture, and therefore 
it was not possible to calculate a RR. The OF 
study took as its secondary outcome measure the 
incidence of all new clinical fractures of the upper 
forelimb, femur, radius and vertebrae81 but stated 
that these data would not be analysed until after 
completion of the 12-month observational follow-
up period.75 Although almost 3 years have elapsed 
since Eisai announced the intermediate results 
of the OF study, the clinical fracture data do not 
appear to have been released, raising the suspicion 
that menatetrenone did not reduce the risk of 
fracture. 
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TABLE 8 Menatetrenone in postmenopausal osteoporosis or osteopenia: all non-vertebral fractures

Study Dose Number in each group suffering non-vertebral fracture

Iwamoto 200172 45 mg/day Menatetrenone: 0/23

Etidronate: 0/25

Calcium: 0/24

RR menatetrenone vs etidronate: not estimable

RR menatetrenone vs calcium: not estimable

Shiraki 2000,73 
200274

45 mg/day 2000:

Menatetrenone + calcium: 1/91 (1.1%)

Calcium: 5/99 (5.1%)

RR: 0.22 (95% CI 0.03 to 1.83)

2002:

Number of long bone fractures:

Menatetrenone: 4

Control: 10

RR not calculable as number of patients with fracture not reported

YOPS 200476 45 mg/day Menatetrenone: 0/66

Etidronate: 1/66 (1.5%)

No treatment: 3a/66 (4.5%)

RR menatetrenone vs etidronate: 0.33 (95% CI 0.01 to 8.04)

RR menatetrenone vs no treatment: 0.14 (95% CI 0.01 to 2.71)

a There were said to have been three fractures among women in this group and it is therefore possible that one woman 
may have suffered more than one fracture.

FIGURE 8 Menatetrenone vs calcium or no additional active treatment: non-vertebral fracture risk.

Review: Vitamin K
Comparison: 02 Non-vertebral fracture
Outcome: 01 Non-vertebral fracture

Study or 
subcategory

Menatetrenone
n/N

No active treatment 
n/N

RR (random) 
95% Cl

Weight
%

RR (random) 
95% Cl

Iwamoto 200172 0/23 0/24 Not estimable
Shiraki 200073,74 1/91 5/99 65.63 0.22 (0.03 to 1.83)
YOPS76 0/66 3/66 34.32 0.14 (0.01 to 2.71)

Total (95% Cl) 180 189 100.00 0.19 (0.03 to 1.06)
Total events: 1 (Menatetrenone), 8 (No active treatment)
Test for heterogeneity χ2 = 0.05, df = 1 (p = 0.82), I2 = 0%
Test for overall effect: z = 1.90 (p = 0.06)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10



DOI: 10.3310/hta13450 Health Technology Assessment 2009; Vol. 13: No. 45

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

21

TABLE 9 Menatetrenone in postmenopausal osteoporosis or osteopenia: hip fracture data 

Study Dose Number of women in each group suffering hip fracture

Iwamoto 200172 45 mg/day Menatetrenone: 0/23

Etidronate: 0/25

Calcium: 0/24

RR menatetrenone vs etidronate: not estimable

RR menatetrenone vs calcium: not estimable

Shiraki 200073 45 mg/day Menatetrenone + calcium: 0/91

Calcium: 2/99

RR: 0.22 (95% CI 0.01 to 4.47)

YOPS 200476 45 mg/day Menatetrenone: 0/66

Etidronate: 0/66

No treatment: 1/66

RR menatetrenone vs etidronate: not estimable

RR menatetrenone vs no treatment: 0.33 (95% CI 0.01 to 8.04)

Review: Vitamin K
Comparison: 03 Hip fracture
Outcome: 01 Hip fracture

Study or 
subcategory

Menatetrenone
n/N

No active treatment 
n/N

RR (random) 
95% Cl

Weight
%

RR (random) 
95% Cl

Iwamoto 200172 0/23 0/24 Not estimable
Shiraki 200073,74 0/91 2/99 52.57 0.22 (0.01 to 4.47)
YOPS76 0/66 1/66 47.43 0.33 (0.01 to 8.04)

Total (95% Cl) 180 189 100.00 0.27 (0.03 to 2.38)
Total events: 0 (Menatetrenone), 3 (No active treatment)
Test for heterogeneity χ2 = 0.04, df = 1 (p = 0.85), I2 = 0%
Test for overall effect: z = 1.18 (p = 0.24)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 9 Menatetrenone vs calcium or no additional active treatment: hip fracture risk.

Hip, wrist and other non-vertebral fractures Three 
trials reported hip fracture data; however, none was 
big enough to yield a statistically significant result 
(Table 9), nor did their combined results achieve 
significance (Figure 9). 

Three trials reported wrist or forearm fractures 
(Table 10). None reported fractures of the humerus. 
Again, none of the trials was big enough to yield 
a statistically significant result, nor did their 
combined results achieve significance (Figure 10).

Menatetrenone: adverse effects

In the included trials of menatetrenone, reporting 
of adverse events was generally poor. The OF 
study75 noted a significantly higher incidence 
of skin and skin appendage lesions in patients 
receiving menatetrenone (0.5 per 100 patient-years 
compared with 0.1 in the control group, p < 0.001). 

Although the MEDLINE adverse events search 
identified no large, long-term studies of the safety 
of menatetrenone therapy in the treatment of 
postmenopausal osteoporosis or osteopenia, it 
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TABLE 10 Menatetrenone in postmenopausal osteoporosis or osteopenia: wrist or forearm fracture data

Study Dose Number of women in each group suffering wrist or forearm fracture

Iwamoto 
200172

45 mg/day Menatetrenone: 0/23

Etidronate: 0/25

Calcium: 0/24

RR menatetrenone vs etidronate: not calculable

RR menatetrenone vs calcium: not calculable

Shiraki 200073 45 mg/day Menatetrenone + calcium: 1/91

Calcium: 2/99

RR: 0.54 (95% CI 0.05 to 5.90)

YOPS 200476 45 mg/day Menatetrenone: 0/66

Etidronate: 1/66

No treatment: 2a/66

RR menatetrenone vs etidronate: 0.33 (95% CI 0.01 to 8.21)

RR menatetrenone vs no treatment: 0.20 (95% CI 0.01 to 4.09)

a It is possible that both of these fractures occurred in the same woman.

Review: Vitamin K
Comparison: 05 Wrist or forearm fracture
Outcome: 01 Wrist or forearm fracture

Study or 
subcategory

Menatetrenone
n/N

No active treatment 
n/N

RR (random) 
95% Cl

Weight
%

RR (random) 
95% Cl

Iwamoto 200172 0/23 0/24 Not estimable
Shiraki 200073,74 1/91 2/99 61.58 0.54 (0.05 to 5.90)
YOPS76 0/66 2/66 38.42 0.20 (0.01 to 4.09)

Total (95% Cl) 180 189 100.00 0.37 (0.06 to 2.40)
Total events: 1 (Menatetrenone), 4 (No active treatment)
Test for heterogeneity χ2 = 0.26, df = 1 (p = 0.61), I2 = 0%
Test for overall effect: z = 1.04 (p = 0.30)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 10 Menatetrenone vs calcium or no additional active treatment: wrist or forearm fracture risk.

identified two relatively small studies82,83 of the 
effect of menatetrenone therapy on haemostatic 
activity in patients with osteoporosis or osteopenia. 
These suggested that menatetrenone, at a dose of 
45 mg/day, did not induce a thrombotic tendency 
in such patients.

The Expert Group on Vitamins and Minerals35 
noted no toxicity related to oral vitamin K2, and the 
review by Vermeer et al.26 stated that menatetrenone 
had been used in Japan on a large scale and as 
yet no adverse side effects had been reported. 
However, the product leaflet for Glakay capsules45 

stated that adverse reactions were reported in 81 of 
1885 patients (4.3%) taking the product (Table 11). 

Menatetrenone: health-related quality of life
Only one study of menatetrenone reported health-
related quality of life. The OF study75 claimed that, 
in the first 12 months of the study, walking, and the 
degree and duration of back pain at rest, improved 
more in women who received menatetrenone and 
calcium than in those who received calcium alone. 
However, as the data underlying this claim were not 
presented, the improvements cannot be quantified. 
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TABLE 11 Glakay capsules (menatetrenone): adverse reactions45

≥ 0.1% to 5% < 0.1% Incidence unknown

Gastrointestinal Stomach discomfort, 
abdominal pain, nausea, 
diarrhoea, dyspepsia

Thirst, anorexia, glossitis, 
constipation

Vomiting, stomatitis

Hypersensitivity Rash, pruritus, redness

Psychoneurological Headache Light-headedness, numbness Dizziness

Cardiovascular Increase in blood pressure Palpitations

Hepatic Elevation of AST (GOT), ALT 
(GPT) and γ-GPT, etc

Urinary Elevation of BUN, etc Urinary frequency

Other Oedema, eye abnormalities Malaise, arthralgia

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; GOT, glutamic oxaloacetic 
transaminase; GPT, glutamic pyruvic transaminase.

TABLE 12 Proportion of participants completing the study protocol

Study Duration of study Proportion of participants completing study protocol

Shiraki 200073 2 years (data not available for 
extension study)

Menatetrenone + calcium: 92%

Calcium: 87%

YOPS 200476 2 years Menatetrenone: 95%

Etidronate: 94%

No treatment: 91%

Moreover, it is not clear whether such data were 
only collected for the first 12 months of the study 
or whether they were collected for the full 36 
months but only reported for the first 12 months; 
the latter would suggest that no difference between 
the groups in relation to these factors was seen 
following the first 12 months.

Menatetrenone: continuance and compliance
None of the trials of menatetrenone provided 
information on compliance with study medication. 
However, two trials provided information on the 
proportion of participants who completed follow-
up for the planned length of the study (Table 12).

Discussion

The evidence summarised in the previous sections 
suggests that phylloquinone is associated with a 
significant reduction in the risk of clinical fractures 
in postmenopausal women with osteopenia but 
without osteoporosis, despite the fact that its 
benefits are likely to have been underestimated 

by the use of an osteopenic population rather 
than an osteoporotic population at higher risk of 
fracture. However, there is no evidence to suggest 
that menatetrenone is associated with a significant 
reduction in fracture risk in postmenopausal 
women with osteoporosis. Because there is no 
recommended daily intake for menatetrenone, it 
is not possible to directly compare the 45-mg dose 
used in the menatetrenone trials with the 5-mg 
dose of phylloquinone used in the ECKO trial, 
although superficially the dose of menatetrenone 
would seem to be considerably larger than that 
of phylloquinone. Moreover, because Japanese 
women are generally smaller than Caucasian 
women, Japanese studies of interventions for 
postmenopausal osteoporosis generally use half 
of the dose used in Western populations84 (so, 
in the trials reviewed here, both Iwamoto et al.72 
and YOPS trial76 use a 200-mg dose of etidronate 
compared with the 400-mg dose used in Western 
trials such as those by Storm et al.85 and Watts et 
al.86). Thus, the 45-mg dose of menatetrenone used 
in the Japanese trials would presumably equate 
to a 90-mg dose in Western populations, 18 times 
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the weight of phylloquinone used in the ECKO 
trial. This suggests that the failure of the combined 
menatetrenone trials to demonstrate a statistically 
significant reduction in vertebral fracture risk is 
unlikely to result from underdosing. However, it 
should be noted that the population of the ECKO 
trial was one-tenth that of the OF study, and 
consequently its results are more subject to the play 
of chance.

Asian women in general appear to have lower BMD 
than white women but similar vertebral fracture 
rates and lower hip fracture rates. This discrepancy 

may result from differences in bone structure or 
geometry and/or, in the case of hip fractures, a 
reduced risk of falling or a better ability to protect 
themselves in case of a fall.87 It may also be related 
to the use of dual energy X-ray absorptiometry to 
calculate BMD; this method underestimates BMD 
in small bones and overestimates it in large bones. 
As any differences in fracture rates between Asian 
and white women may derive from differences in 
hereditary factors and in lifestyle factors such as 
calcium intake, it is not clear to what extent data 
obtained from Japanese populations are relevant to 
Western populations.26 
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The assessment group undertook a systematic 
literature review to identify any economic 

evaluations of vitamin K. No relevant papers were 
found and thus, to our knowledge, this report is the 
first assessment of the cost-effectiveness of vitamin 
K. We assess the cost-effectiveness of vitamin K 
compared with no treatment, two bisphosphonates 
(alendronate and risedronate) and strontium 
ranelate, at combinations of age and T-score, 
assuming that a BMD scan has already been 
undertaken and thus the T-score is known without 
cost. Previous modelling work4 has estimated the 
likely combinations of age and clinical risk factors 
at which BMD scanning would be cost-effective; 
this modelling work was updated following a fall 
in the price of alendronate, the intervention that 
appeared most cost-effective, from £301 to £54 
per annum,5 and further updating of this work 
is beyond the remit of this project. It is assumed 
that all women in the model have an adequate 
baseline intake of calcium and vitamin D as RCT 
data on the effectiveness of interventions have 
been compared against such a population. It is 
noted that some of the parameters used in previous 
modelling work5 may have become outdated. 
These have been updated when appropriate in 
producing the results for this report. Any changes 
in parameters between the previously published 
work using an alendronate price of £54 per annum 
and this report are detailed within the text and are 
additionally summarised later in this chapter (see 
Summarising changes within the parameters used 
in this report and in preceding work).

Methods for economic 
analyses
The assessment group has constructed a peer-
reviewed model to estimate the cost-effectiveness 
of osteoporosis interventions.88 The most recent 
work undertaken4,5 used academic-in-confidence 
data that were used in the development of the 
FRAX tool.89 Permission to re-use the academic-in-
confidence data for this project was not granted. 
As such, an alternative model for predicting the 
risks of fracture was developed based on age, BMD 
and previous fracture history. The results produced 

by the model were compared, and recalibrated 
when appropriate, with the data provided in the 
recent work5 to try and ensure that the results were 
relatively consistent. 

The key inputs to the model are the efficacy data 
for each intervention in terms of reducing the 
incidence of hip, vertebral, wrist and proximal 
humerus fractures. As detailed in Chapter 2, other 
fracture types are subsumed into these groups, but 
for reasons of brevity we will refer only to the four 
main fracture sites.

The model calculates the number of fractures 
that occur and provides as output data the costs 
associated with osteoporotic fractures and the 
quality-adjusted life-years (QALYs) accrued by 
a cohort of 100 osteoporotic women, with each 
fracture being detrimental to health and incurring 
a cost. When the costs of the intervention are 
included, the incremental cost compared with no 
treatment can be calculated and divided by the 
gain in QALYs to calculate a cost per QALY ratio.

The cost per QALY of vitamin K treatment has 
been evaluated against a no treatment option to 
provide information on whether vitamin K can 
be given cost-effectively in the absence of other 
osteoporosis interventions. Incremental analyses 
against alendronate, risedronate and strontium 
ranelate have also been conducted to provide 
information on the likely placement of vitamin K 
within a treatment algorithm.

As the results were being calculated it was apparent 
that vitamin K1 was potentially a cost-effective 
treatment for the prevention of osteoporotic 
fractures. The expected net benefit of sampling 
(ENBS) of conducting an RCT that compared 
alendronate and vitamin K1 was estimated. Such 
analysis will provide data on whether such a trial 
would be an efficient use of resources and, if so, 
on the number of patients that would need to be 
recruited to maximise the ENBS.

This section is divided into the following 
subsections:

Chapter 4  
Economic analysis
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• the structure of the model, which will discuss 
the formulation of the appraisal model and the 
modelling assumptions made

• the costs associated with each event contained 
within the model

• the utility multipliers associated with each 
event contained within the model

• comparison of the results produced using the 
new model with those produced by previous 
work

• changes in the parameters used for this 
evaluation compared with those used in 
previous evaluations

• methodology for calculating the ENBS of an 
RCT comparing vitamin K with alendronate.

The structure of the cost-effectiveness 
model

The individual patient model
The model used to calculate cost-effectiveness 
ratios is an updated version of the previously 
reported Sheffield Health Economic Model for 
Osteoporosis (SHEMO).4,88,90 This model deviated 
from approaches previously used, which have 
been based on cohort analyses using the standard 
techniques of decision analysis and state transition 
models.91,92

The basic design of SHEMO is similar in many 
ways to the conventional state transition models 
used in the area of osteoporosis, in which women 
pass through states using a set of time-dependent 
transition probabilities and each state has its 
associated costs, mortality rates and health state 
utility values. However, it differs in a crucial respect 
to the conventional cohort design as individual 
women pass through the model one at a time. The 
model simulates for each patient whether or not 
an event occurs in the forthcoming year that would 
impact on the costs and utility associated with the 
woman.

The full patient history is recorded and factors 
such as previous fractures and current residential 
status can therefore be used to determine the 
likelihood of events in the next time period. 
Following the simulated event, the quality of life 
of the patient and costs incurred in that time 
period are calculated. These values have taken into 
account any residual costs or quality of life impacts 
from previous fractures. The model simulates at 
1-year intervals until either the patient dies or a 
user-defined time horizon is reached. This process 
is repeated until the chosen number of women 
has been simulated. The rationale for using the 
individual patient approach is that it provides more 

accuracy and flexibility than a cohort approach, 
which is bounded by a limited number of transition 
states.4,90 A diagram of the model structure is 
provided in Figure 11. 

The exact values of p2: p14 will be determined 
by patient age, patient history regarding the 
presence of previous fracture at each site, and the 
residential status of the patient. These probabilities 
are calculated for each individual at the beginning 
of each year. The cycle is repeated for all non-
absorbing states until the time horizon is reached.

The basic probabilities for moving from transition 
state to transition state have been taken from 
epidemiological data, as described later in this 
chapter. Once a fracture is sustained within the 
model the risk is increased in accordance with the 
data reported by Klotzbuecher et al.,93 as described 
later in this chapter.

As a patient moves into a transition state there is 
an initial one-off cost incurred and an ongoing 
cost that is assumed to last until the end of the 
simulation. By using such a methodology, states 
with high ongoing costs can be distinguished from 
those in which the costs incurred are all in the 
initial year. In circumstances in which a patient 
has already been in the state being entered, it 
has been assumed that only the one-off costs will 
be incurred, with the ongoing costs from that 
state remaining constant. For example, if the 
consequences of a vertebral fracture comprised 
an initial cost of £600 and a recurrent cost of 
£300 per year, a further vertebral fracture in the 
same individual would cost a further £600 but the 
recurrent costs would not increase from £300 per 
year. This may underestimate the costs involved, 
but few data were found on the additional ongoing 
costs of second events. Following the introduction 
of additional fracture sites, the methodology of not 
duplicating the long-term fracture costs may be 
slightly unfavourable to the intervention. As a tibia 
fracture is now grouped with a proximal humerus 
fracture, if both fractures had been sustained then 
only one long-term cost would be included. 

When a patient moves into a transition state this 
affects their quality of life. It has been assumed 
that there will be a QALY multiplier effect within 
the first year and a separate QALY multiplier 
that will apply for the remaining years of the 
simulation. By using this methodology, states from 
which the patient will recover but not to the level 
prior to the event can be modelled. It is assumed 
that, when a patient suffers a transition state for a 
second or more time, only the first year reduction 
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Time Tx Time Tx

(p1) No event

p1 = 1 –  p2 –  p3 – p4 – p5 – p6 – p7 – p8
p6 = p11 + p12

p2 = p9 +  p10 

p7 = p13 + p14
p9 = p15 +  p16 

Logical constraints:

(p2) ‘Hip’ fracture
(p9) Non-fatal
       fracture

(p10) Fatal fracture

(p3) ‘Vertebral’ fracture

(p4) ‘Proximal humerus’ fracture

(p11) Non-fatal breast cancer

(p12) Fatal breast cancer

(p33) Non-fatal coronary heart
         disease

(p14) Fatal coronary heart
         disease

(p5) ‘Wrist’ fracture

(p6) Breast cancer

(p15) Resides in
         nursing home
(p16) Resides in
         the community

(p7) Coronary heart disease

(p8) Death (excluding
        through hip fracture,
        breast cancer and
        coronary heart disease)

 + 1

FIGURE 11 The structure of the individual patient model.90

in quality of life will be taken into consideration, 
using similar logic to that employed for costs. It 
is noted that in some cases this will underestimate 
the loss in QALYs, for example second hip or wrist 
fractures on a different side to the first, or a second 
vertebral fracture. However, because of insufficient 
data the approach of assuming no extra residual 
QALY loss from a second incident was taken. As in 
the explanation given when discussing costs, the 
inclusion of more than one fracture in some states 
may be slightly unfavourable to the intervention.

It has been assumed that, for a year in which death 
occurs, the QALYs gained are half those for the 
previous year, costs incurred are equal to half of 
the ongoing annual costs, and only half of the drug 
acquisition cost is paid.

Having established a baseline ‘no treatment’ 
cost for the cohort the incremental effects from 
pharmaceutical treatments have been calculated. 
The efficacy of each treatment is modelled by 
the use of RRs in entering a transition state. 
It is expected that a cohort using a treatment 
with a RR of 0.5 for hip fracture would, in the 
next time period, have half the number of hip 
fractures as the same cohort receiving no treatment 
(RR 1) assuming an equal death rate. For each 

intervention the RRs were sampled from the 
relevant meta-analysis of efficacy undertaken.

The effect of treatment on fracture probability 
was assumed to be instantaneous and to persist 
unchanged throughout the treatment period. 
A 5-year treatment period was assumed, which 
corresponds to the duration of exposure in RCTs, 
particularly those undertaken in the past 10 
years. In addition to the treatment RR, the model 
incorporates fall times, which have been defined 
as the time from when the treatment is stopped to 
the time that the RR returns to 1 compared with 
no treatment. It is assumed that the RR returns to 
1 in a linear manner during a fall time period of 5 
years.

The time horizon of the individual patient model 
was constrained to a 10-year period because of the 
likely treatment effects being confined within this 
period, the uncertainty around future medical costs 
and technologies that may become available, and 
the gap in the evidence base concerning the effect 
of fractures on quality of life after a period of 10 
years.

Diseases for which possible links with osteoporosis 
treatments may exist, such as Alzheimer’s disease, 
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venous thrombolic events and cancer, were 
excluded from this cost-effectiveness analysis.

The construction of a meta-model
Gaussian process modelling was used to transform 
the results of the individual patient model into a 
meta-model that allowed instantaneous calculation 
of the incremental costs and QALYs associated with 
an input parameter configuration.88 The advantage 
of the Gaussian process technique is that given the 
same starting assumptions the results for a new 
drug with defined RRs can be instantly calculated 
with the benefits associated with an individual 
patient methodology retained. 

Subsequent adjustments to the results 
produced by the meta-model
Limiting the time horizon of the model to 10 
years will underestimate the effect of mortality, 
particularly in younger women, which has been 
shown to markedly impact on the cost-effectiveness 
ratio.1–5 The benefits of reduced mortality beyond 
the initial 10-year time horizon have been 
estimated. The methodology for estimating the 
QALYs gained through prevented mortality is 
explained in Appendix 6.

The discount rates used for the individual patient 
model2,4 were 6% per annum for costs and 1.5% 
per annum for utility in accordance with the 
prevailing NICE rates at the commissioning of the 
initial project. In the interim period the discount 
rates have been set to 3.5% per annum for both 
costs and utility94 and therefore the results need 
to be adjusted to take the discount rate change 
into consideration. The summated discounted 
value of 10 single units over 10 years is 7.36, 
8.32 and 9.22 when using discount rates of 6%, 
3.5% and 1.5% respectively. These values were 
used to adjust the model outputs, with QALYs for 
each scenario multiplied by 0.90 (8.32/9.22) and 
costs associated with fracture multiplied by 1.13 
(8.32/7.36). Intervention costs (drug costs, GP visits 
and BMD scans) that were assumed to be incurred 
only in the first 5 years were multiplied by 1.07 
to reflect the shorter time horizon of such costs, 
using the discounted values of five single units 
over 5 years. Although the methodology used for 
altering the discount rates is likely to introduce 
some inaccuracies, as the costs and QALYs will 
not be equally spread across the 10-year period 
(as the intervention is used only in the initial 
5-year period), it is a pragmatic solution and is not 
expected to markedly change the conclusions.

Each treatment option has also been assigned 
GP costs in addition to drug acquisition costs. 
Following (NICE Osteoporosis) Guideline 
Development Group (GDG) advice, and 
considering that elderly women have their 
complete medication (for all diseases reviewed) 
annually, it was assumed that, following initiation, 
osteoporosis treatment would result in no 
additional costs for women aged 75 years or 
over, and would result in one-third of women 
below 75 years of age requiring an additional GP 
appointment per annum. It was also assumed that 
no follow-up BMD scans would be required. 

Compliance has been modelled at 50% in line 
with published estimates.95 Women who are non-
compliant are assumed to incur the costs of 3 
months of treatment whilst receiving no benefit.

The individual patient model assumed a 5-year 
treatment period and a residual benefit that 
declined linearly to zero over a 5-year period. For 
vitamin K, which has a short duration in the body, a 
5-year residual benefit was not deemed appropriate 
and it was assumed that any protective benefit 
would cease upon discontinuation of treatment. 
Analyses of the results from the individual patient 
model were undertaken to determine the effect 
of a decrease in residual benefit from 5 years to 
0 years. Multiplicative factors were estimated 
that would be applied to the incremental costs 
(excluding intervention costs) and incremental 
QALYs associated with 5 years of residual benefit. 
For women with a T-score of –2.5 SD, these factors 
ranged from 0.73 for costs and 0.67 for QALYs at 
50 years of age to corresponding values of 0.78 and 
0.75 at 75 years of age.

The incidence of hip, vertebral, 
wrist and proximal humerus 
fractures by age
Data on the incidence of hip, vertebral, wrist 
and proximal humerus fractures were taken 
from a large-scale Scottish study.7 Exponential 
distributions have been applied to these 
distributions to smooth the data. The distributions 
are shown in Figures 12–15; all R-squared values are 
greater than 0.90, showing that these are good fits. 
These distributions are also plausible as the rates 
do not decrease as a woman ages. The summarised 
risks are provided in Table 13 and Figure 16.
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FIGURE 12 The goodness of fit when replacing the raw data for hip fracture7 with a statistical distribution.

FIGURE 13 The goodness of fit when replacing the raw data for vertebral fracture7 with a statistical distribution.

The incidence of fractures 
other than hip, vertebral, 
wrist and proximal humerus 
fractures

As detailed in Stevenson et al.,4 other fracture 
sites considered were incorporated into the four 
main fracture types in order to use the previously 
calculated meta-model.88 The earlier modelling 
work4 used the raw data without adjustment to 
estimate the increase in the expected numbers 

of fractures at each site. For this report it was 
decided to smooth these data by fitting statistical 
distributions, which were used to estimate the 
increased fracture risk. The goodness of each fit 
between a statistical relationship and the raw data 
is shown in Figures 17–19. Whereas the increase 
against age was presumed to be linear for hip 
and proximal humerus fracture, the best fit for 
increasing the number of wrist fractures was seen 
to be parabolic. The estimated increase in fracture 
risk at each age is given in Table 14. This would 
adjust the average risk of fracture for the female 
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FIGURE 14 The goodness of fit when replacing the raw data for wrist fracture7 with a statistical distribution.

FIGURE 15 The goodness of fit when replacing the raw data for proximal humerus fracture7 with a statistical distribution.

population in the UK at each age to those given in 
Table 15 and Figure 20. 

The increased risk of fracture 
following a previous fracture
There is a breadth of published literature, meta-
analysed in Klotzbuecher et al.,93 which indicates 
that an initial fracture greatly increases the risk of 
subsequent fractures independently of BMD. The 
results from Klotzbuecher et al.93 are summarised in 
Table 16. These data were used in the meta-model88 

that forms the foundation for the cost-effectiveness 
analyses.

The meta-model assumed that the risk of 
secondary fracture at the proximal humerus 
is equivalent to that of the pooled non-spinal 
fractures category reported by Klotzbuecher et al.93 
It was also assumed that the proximal humerus 
had the predictive power equal to that of the 
‘other’ category reported by Klotzbuecher et al.93 
There have been no studies on the future effect 
that hip fractures have upon wrist fractures. As 
a conservative estimate this risk was set at 1.4, 
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TABLE 13 The female population risk of hip, vertebral, proximal humerus and wrist fractures estimated from the smoothed Singer et al. 
data7

Age (years)
Probability of hip 
fracture

Probability of 
vertebral fracture

Probability of proximal 
humerus fracture

Probability of wrist 
fracture

50–54 0.03% 0.09% 0.31% 0.07%

55–59 0.06% 0.13% 0.36% 0.09%

60–64 0.11% 0.19% 0.43% 0.12%

65–69 0.20% 0.28% 0.51% 0.15%

70–74 0.38% 0.40% 0.61% 0.20%

75–79 0.73% 0.59% 0.72% 0.26%

80–85 1.38% 0.85% 0.86% 0.35%

85–89 2.62% 1.23% 1.02% 0.46%
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FIGURE 16 The annual female population risk of hip, vertebral, proximal humerus and wrist fractures estimated from the smoothed 
Singer et al. data.7
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FIGURE 17 The goodness of fit when replacing the increased incidence of hip fracture type as detailed in Stevenson et al.4 with a 
statistical distribution.
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FIGURE 18 The goodness of fit when replacing the increased incidence of wrist fracture type as detailed in Stevenson et al.4 with a 
statistical distribution.

FIGURE 19 The goodness of fit when replacing the increased incidence of proximal humerus fracture type as detailed in Stevenson et al.4 
with a statistical distribution.

equivalent to the lowest RR of all other fracture 
sites. 

It is assumed that for women who have suffered 
fractures in two different sites only the greatest risk 
adjustment will be applied in calculating the risks 
of subsequent fractures. For example, if a woman 
has both previous hip and wrist fractures, the RR 
adjustment for a subsequent vertebral fracture 
would be 2.5 (from the hip fracture) rather than 
1.9 (from the wrist fracture). The RR adjustment 

for a subsequent wrist fracture would be 3.3 (from 
the wrist fracture) rather than 1.4 (from the hip 
fracture).

Klotzbuecher et al.93 did not adjust these values 
for the effects of BMD as most of the studies 
incorporated within the meta-analysis did not 
adjust for it; those studies that controlled for 
baseline BMD reported that adjusting for BMD 
reduced the magnitude of the association, although 
the reduction was slight. Thus, any errors due to 
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TABLE 14 The increase in incidence of hip, wrist and proximal humerus fractures to incorporate fractures at other sites, as used in the 
model

Age 
(years)

Increase in hip fracture 
incidence to incorporate 
pelvis and other femoral 
fractures

Increase in proximal 
humerus fracture incidence 
to incorporate tibia and 
fibula fractures

Increase in wrist fracture incidence 
to incorporate rib, sternum, clavicle 
and scapula fractures

50–54 26% 87% 63%

55–59 25% 75% 33%

60–64 23% 63% 17%

65–69 22% 51% 14%

70–74 20% 39% 24%

75–79 19% 27% 48%

80+ 17% 15% 86%

Note that the incidence of vertebral fractures was not increased.

TABLE 15 The female population risk of hip, vertebral, proximal humerus and wrist fractures estimated from the smoothed Singer et al. 
data7 and incorporating other osteoporotic fractures

Age (years)
Probability of hip 
fracture

Probability of 
vertebral fracture

Probability of proximal 
humerus fracture

Probability of wrist 
fracture

50–54 0.04% 0.09% 0.50% 0.12%

55–59 0.07% 0.13% 0.48% 0.15%

60–64 0.13% 0.19% 0.50% 0.19%

65–69 0.25% 0.28% 0.58% 0.23%

70–74 0.46% 0.40% 0.75% 0.28%

75–79 0.87% 0.59% 1.07% 0.34%

80–85 1.62% 0.85% 1.59% 0.40%

FIGURE 20 The average annual female population risk of hip, vertebral, proximal humerus and wrist fractures estimated from the 
smoothed Singer et al. data7 and incorporating other osteoporotic fractures. ph, proximal humerus; vert, vertebral.
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TABLE 16 The relative risk of subsequent fracture following an initial fracture

Previous fracture site

Location of subsequent fractures

Hip Vertebral Wrist Proximal humerus

Hip 2.3 2.5 1.4 1.9

Vertebral 2.3 4.4 1.4 1.8

Wrist 1.9 1.7 3.3 2.4

Proximal humerusa 2.0 1.9 1.8 1.9

a Assumed equal to the value for all non-spinal fractures in Klotzbuecher et al.93

TABLE 17 Increased risk of fracture associated with a Z-score of 
–1, as reported by Marshall et al.15

Fracture site
Increased risk of fracture 
per Z-score

Hip 2.6

Vertebral 1.8

Wrist 1.4

Proximal humerusa 1.6

a Assumed equal to the value for all fractures.15

double counting the effects of BMD are likely to be 
small.

Previous modelling work2 has assumed that the 
initial risk of fracture for a woman following a 
previous fracture is double that of a woman of 
identical age and BMD who has not sustained a 
fracture. This assumption was investigated when 
the mathematical model developed was calibrated. 
The section below, Comparison and calibration 
of the model against previously published work, 
details the methodology used; it appears that 
increasing the initial risk of a woman who has 
sustained a fracture by 50% compared with a 
woman of identical age and BMD who has not 
sustained a fracture produces a more accurate 
estimation. The reduction in increased risk may be 
explained by the fact that there is some interaction 
between BMD and previous fracture history.

The increased risk of fracture for 
patients with low bone mass
BMD status is a significant factor in estimating the 
risk of fracture for a patient. Work conducted by 
Marshall et al.15 assessed the increased probability 
of fracture associated with a Z-score of –1 when 
measured at the femoral neck. The point estimates 
of this increased risk of fracture are presented in 
Table 17. Data for proximal humerus were assumed 
to equal data reported by Marshall et al.15 for all 
fractures. 

The equations presented in Marshall et al.15 are 
of the form (relative risk) raised to the power 
of  – Z-score difference, hence the increased risk of 
a vertebral fracture for patients with a Z-score of 
–2 would be 3.24 times (1.82). The increased risk 
would be 4.19 times (1.81.5) for a patient with a 
Z-score of –1.5.

More recent work undertaken by Johnell et al.16 
has shown that the increased risk of hip fracture 
in relation to Z-score is age dependent. (Table 18) 
These newer data have been used in the model. 
It is noted that, for the ages at which the majority 
of osteoporosis trials have been conducted (70–80 
years), the increased risks per Z-score are similar 
for Marshall et al.15 and Johnell et al.16

TABLE 18 Increased risk of hip fracture associated with a 
Z-score of –1, as reported by Johnell et al.16

Age (years)
Increased risk of hip 
fracture per Z-score

50–54 3.68

55–59 3.35

60–64 3.07

65–69 2.89

70–74 2.78

75–79 2.58

80–84 2.28

85–90 1.92
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Although it is also likely that there is a correlation 
between the increased risks per Z-score of fracture 
at the vertebrae, proximal humerus and wrist, such 
a relationship is unknown and we have assumed 
that the values reported by Marshall et al.15 are 
constant with age.

Calculating the risk of fracture 
for populations with average 
BMD and without a previous 
fracture

The increase in fracture associated with a previous 
fracture and low BMD is reported compared 
with the risk in women without fracture and 
with average BMD. To accurately estimate the 
fracture risk for patients with low BMD and/or 
previous fracture, the risk for women with average 
BMD and without previous fracture needs to be 
calculated. Use of average population values would 
overestimate the number of fractures because these 
average figures already contain a subset of females 
with osteoporosis and/or previous fractures. So 
that the overall average risk equals that reported 
in epidemiological studies when subgroups of 
women with low BMD and previous fracture are 
included, the risk for women with average BMD 
and no previous fracture must be reduced below 
the average population risk.

The percentage reduction by age group is 
influenced by two factors. At younger ages there 
will be relatively few osteoporotic and severely 
osteoporotic women (see Figure 1). However, the 
Z-score required to reach an absolute T-score of 
2.5 SD is greater in younger women (see Table 1), 
which will increase the influence of the osteoporotic 

women on the risk of fracture for women with 
average BMD values compared with more elderly 
women (see Table 17). This is more pronounced 
for hip fracture for which a relationship between 
age and the increased risk per Z-score has been 
established (see Table 18). As the number of 
osteoporotic women and the increased risk due 
to Z-score adjust the risk of fracture in women 
with average BMD in different directions, the 
magnitude of the reduction between the average 
population risk and that of a woman with average 
BMD at different age bands cannot be predicted 
intuitively.

The estimated fracture risks for a woman with 
average BMD and without previous fracture are 
shown in Table 19. The methodology behind these 
calculations is given in Appendix 7. 

It is seen that for vertebral, wrist and proximal 
humerus fractures, which have relatively low 
increases because of Z-score differentials (Tables 
17 and 18), the increased proportion of women 
with osteoporosis dominates the effect due to 
the greater Z-score between average BMD and a 
T-score of –2.5 SD. As the cohort age increases the 
percentage reductions compared with the average 
values increase.

For hip fracture, which has a relatively high risk of 
fracture in relation to Z-score at younger ages (Table 
18), the percentage reduction values are large even 
at younger ages and no clear trend is observed. 

These data from Table 19 will be used within the 
model and multiplied as appropriate to take into 
account the extra risks for the assumed BMD value 
and prevous fracture status for each patient.

TABLE 19 The estimated fracture risk by age for a woman with average BMD and no previous fracture. The percentage reduction in 
fracture incidence compared with the average for all women in that age band is contained in parentheses

Age band 
(years)

Fracture site (including fractures grouped with the main site)

Hip Vertebral Wrist Proximal humerus

50–54 0.02% (37%) 0.08% (9%) 0.48% (4%) 0.12% (7%)

55–59 0.04% (40%) 0.11% (15%) 0.44% (8%) 0.13% (12%)

60–64 0.07% (44%) 0.15% (22%) 0.43% (14%) 0.15% (18%)

65–69 0.13% (48%) 0.20% (29%) 0.47% (19%) 0.17% (24%)

70–74 0.21% (54%) 0.26% (37%) 0.56% (26%) 0.19% (32%)

75–79 0.42% (52%) 0.36% (39%) 0.75% (30%) 0.22% (35%)

80–84 0.81% (50%) 0.49% (42%) 1.06% (34%) 0.25% (38%)

85–89 1.62% (47%) 0.68% (45%) 1.52% (37%) 0.28% (41%)
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Fracture risk at the threshold 
for osteoporosis
Table 20 and Figure 21 give the estimated fracture 
risk at each site by age for women at the threshold 
of osteoporosis (T-score –2.5 SD). No data on the 
fracture risks for patients with severe osteoporosis 
have been given, as the risks would be dependent 
upon the site of the previous fracture, as detailed 
in Table 6. As the population age increases, the 
risk at the threshold for osteoporosis may become 
lower than that of the average population (compare 
Tables 19 and 20). This is due both to the large 
proportion of women with severe osteoporosis 
and to the small differential between the average 
population BMD and the T-score of –2.5.

It is seen that at a T-score of –2.5 SD the risk of hip 
fracture greatly increases from 70 years of age. The 
rate of proximal humerus fractures remains fairly 
stable regardless of age, whereas that of vertebral 
fractures exhibits a relatively steady increase as the 
woman ages. The risk of a ‘wrist’ fracture initially 
decreases (as the influence of tibia and fibula 
fractures wanes) but this effect is overridden by the 
large natural increase in wrist fractures that are 
estimated to occur in the elderly.

Mortality following fracture

There is a risk of mortality following a fracture, 
which is dependent on the site of the incident 
fracture. 

Mortality following hip fracture

Excess mortality is well described after hip fracture. 
In the first year following hip fracture, the relative 

mortality risk varies in women from 2 to greater 
than 10 depending on age.96 However, case–control 
studies that adjust for prefracture morbidity 
indicate that a substantial component can be 
attributed to comorbidity.97,98

The data used in the cost-effectiveness model are 
taken from unpublished data from the second 
Anglian audit of hip fracture,99 which recorded 
deaths up to 90 days following hip fracture.

To account for mortality that was not related to 
the hip fracture, data were taken from Parker and 
Anand.100 It was estimated that 33% of deaths 1 
year after hip fracture were totally unrelated to 
the hip fracture, 42% were possibly related and 
25% were directly related. These figures were 
not, however, available stratified by age, sex or 
residential status but have been assumed to be 
constant for all population subsets. 

It is likely that there was further mortality between 
91 days and 365 days that was not recorded by the 
audit.99 An estimate of this can be inferred from 
the graph in Parker and Anand,100 with the further 
mortality between 91 days and 365 days estimated 
to be 40% of the mortality up to 91 days.

It was further assumed that attributing all of the 
deaths possibly due to hip fractures as directly 
attributable to hip fracture and including only 
the data to 90 days would provide a reasonably 
accurate estimation of the true mortality rate. The 
mortality rates that were assumed attributable to 
hip fracture are given in Table 21. No data were 
available for the age band 50–59 years and it was 
assumed that, as suggested by Swedish data,96 this 
value was one-third that of the rate between 60 and 
69 years.

TABLE 20 The estimated annual fracture risk by age for a woman with a T-score of –2.5 and no previous fracture

Age band 
(years)

Fracture site (including fractures grouped with the main site)

Hip Vertebral Wrist Proximal humerus

50–54 0.26% 0.25% 0.88% 0.27%

55–59 0.29% 0.29% 0.75% 0.28%

60–64 0.33% 0.33% 0.68% 0.29%

65–69 0.40% 0.37% 0.67% 0.29%

70–74 0.48% 0.41% 0.73% 0.28%

75–79 0.71% 0.49% 0.90% 0.28%

80–84 1.04% 0.58% 1.17% 0.28%

85–89 1.67% 0.70% 1.55% 0.29%
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FIGURE 21 The estimated annual fracture risk by age for a woman with a T-score of –2.5 and no previous fracture. ph, proximal 
humerus; vert, vertebral.

TABLE 21 Percentage of hip fractures that result directly in mortality

Residential status Age band (years)
Percentage of hip fractures that 
result directly in mortality

Community 50–59 2%

Community 60–69 6%

Community 70–79 6%

Community 80–89 11%

Community 90+ 16%

Nursing home 50–59 0%

Nursing home 60–69 0%

Nursing home 70–79 13%

Nursing home 80–89 22%

Nursing home 90+ 23%

Mortality following vertebral 
fracture
Several studies have shown an increase in mortality 
following vertebral fracture.8,101–103 In one study,8 
women with one or more vertebral fractures had a 
1.23-fold greater age-adjusted mortality rate (95% 
CI 1.10 to 1.37). This study used morphometric 
rather than clinical definitions of vertebral fracture. 
In contrast, other studies that examined mortality 
after vertebral fracture using clinical criteria have 
shown more marked increases in mortality. In 
one study from Australia,101 vertebral fractures in 
women were associated with an age-standardised 
risk of 1.92 (95% CI 1.70 to 2.14) and, in another 
study,103 the risk was more than eightfold higher. A 

study on clinical fractures from the UK102 compared 
mortality in women with osteoporosis (and no 
fracture) with mortality in women with osteoporosis 
and a previous vertebral fracture. The hazard ratio 
was 4.4 (95% CI 1.85 to 10.6) and was used for the 
present model. 

The pattern of mortality after clinical vertebral 
fracture is non-linear, suggesting, as is the case for 
hip fracture, that a fraction of deaths would not 
have occurred in the absence of a fracture. Using 
the patient register for hospital admissions in 
Sweden, 28% of all deaths associated with vertebral 
fracture were judged to be causally related.104 This 
value for causality was used for all ages.
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Death due to other fractures
We have assumed no increase in mortality from 
forearm fractures, consistent with published 
surveys.8,103,105 For humeral fractures we 
conservatively assumed a twofold increase in 
mortality and that 28% of deaths associated with 
humeral fractures are causally related.104 

For pelvis and other femoral fractures we have 
assumed a mortality rate equal to that for hip 
fractures. For tibia, fibula and humeral shaft 
fractures we have assumed a mortality rate equal 
to that of proximal humerus fractures. For rib, 
sternum, scapula and clavicle fractures, no excess 
mortality was assumed.

Death due to causes other 
than fracture 
These data have been taken from 1999 interim 
life tables.106 These data could not be updated as 
they were used within the individual patient model 
that formed the meta-model. It is unlikely that life 
expectancy has changed markedly over the last 
decade and thus it is expected that little bias has 
been introduced.

Several studies107,108 have shown an increased 
mortality associated with low BMD of similar 
magnitude derived from measurements at the 
radius or heel. At the radius, the increase in RR was 
1.22 per SD decrease in BMD adjusted for age,107 
and this factor has been used within the model, 
although it is unsure how much excess mortality 
may be related to comorbidities. Ideally, a factor 
for BMD at the femoral neck would be used, but 
these data were not found when the model was 
constructed. The authors are not aware of any 
relevant data that have been published since.

The mortality rates of the general female 
population and for those women at the threshold 
of osteoporosis are shown in Table 22. The 
general population mortality rates have not been 
adjusted to take into account those women who 
are osteoporotic, meaning that these death rates 
are likely to be slight overestimates. As these apply 
to all interventions it is unlikely that this will bias 
results between interventions but will be slightly 
unfavourable to all interventions.

A study109 has suggested that there may be no link 
between BMD and excess mortality. This link was 
examined in a previous assessment report2 and 
was shown to make little difference to the results, 
with a marginally unfavourable effect towards the 
intervention. As such, the increase in mortality 
associated with osteoporosis has been retained, as 
this was used within the individual patient model 
that provided data for the meta-model.

Entry into nursing home 
following an osteoporotic 
fracture
It was assumed that only fractures of the hip or 
pelvis or other femoral fractures could result in 
nursing home entry. Data were sought to estimate 
what percentage of women who suffer a hip 
fracture move from living in the community into 
nursing home accommodation. The mathematical 
model used tracks the living status of individual 
patients, rather than assuming a constant 
percentage as has been used in some models;110 this 
second methodology would allow nursing home 
costs to be incorrectly allocated to women already 
residing in such care. The model also allows the 
risks of entering a nursing home to be dependent 
on age. Models that use an average value for all 

TABLE 22 The mortality rate due to other causes in the general female population and in women at the threshold for osteoporosis

Age (years)

Mortality rate due to other causes

General population Population at the threshold for osteoporosis

50–54 0.24% 0.34%

55–59 0.39% 0.54%

60–64 0.65% 0.85%

65–69 1.13% 1.40%

70–74 1.86% 2.19%

75–79 3.07% 3.43%

80–84 5.28% 5.60%

85–89 9.18% 9.27%
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ages, such as that of Burge et al.,11 would be likely 
to significantly overestimate the proportion of 
younger patients with a hip fracture who enter a 
nursing home as the data set would be dominated 
by older patients.

Data from the second Anglian audit of hip 
fracture99 were used in the model. These data are 
shown in Table 23. It is assumed that women who 
enter a nursing home will remain there for the 
remainder of their lives.

A recent estimate of the costs associated with 
osteoporotic fractures assumed that 10% of all 
women with a hip fracture would reside in a 
nursing home for the remainder of their lives.11 
This figure looks plausible within the age range 
of 70 years and above but appears, as expected, 
to be too high for those aged 50–69 years. Data 
from Kanis et al.111 used values ranging from 7% for 
50- to 59-year-olds to 23% for those aged 90 years 
or over, but it is not stated how applicable these 
values are to the UK. It is likely that the values 
we have assumed for entering a nursing home 
are underestimates as women who were initially 
discharged to the community but who subsequently 
have to reside in a nursing home are unlikely to be 
included within the audit. However, this may be 
balanced by the fact that a significant proportion 
of patients who sustain a hip fracture may already 
reside in a nursing home; Johnell et al.112 report 
that 22% of patients with a hip fracture were 
admitted from a nursing home or a hospital.

The health state values 
associated with osteoporosis 
used within the model
The utilities used in this model are those 
detailed in Stevenson et al.,4 which were heavily 
influenced by work undertaken by Kanis et al.104 
This comprehensive study provided a coherent 
source of health state utility multipliers for all of 

the fracture types. A utility multiplier is combined 
multiplicatively with the general population 
utility to provide an estimate of the utility for 
patients in that state, and results in the absolute 
disutility becoming less as a person ages and their 
underlying utility lower. The baseline values used 
in these analyses are taken from Kind et al.113

The utilities reported by Kanis et al.104 suggested 
that fractures of the pelvis and femoral shaft should 
be allocated to hip, fractures at the tibia and fibula 
should be allocated to proximal humerus and 
fractures of the scapula, ribs and sternum should 
be allocated to wrist. The only case for which the 
utility data did not match closely was for tibia and 
fibula fractures (multiplier of 0.926) compared with 
proximal humerus fractures (multiplier of 0.973) 
in the second year. To prevent the disutility of tibia 
and fibula fractures being underestimated we have 
calculated a weighted mean using the incidences 
of tibia and fibula fractures relative to proximal 
humerus fractures at each age.7 This varies the 
utility multiplier in the second year for proximal 
humerus, tibia and fibula fractures from 0.949 at 
50–54 years to 0.966 at 80 years and over. 

One deviation from the data of Kanis et al.104 
was that the fractures grouped as similar to wrist 
were not assumed to affect utility in the second 
year, which was an assumption contained in the 
individual patient model.90 A utility multiplier of 
0.999 is reported in Kanis et al.; this is very slightly 
unfavourable to the intervention. The utility data 
used within the model are shown in Table 24.

It is noted that we are using a greater disutility 
for vertebral fracture in the initial year than that 
in previous work for NICE,5 which increased the 
value to that associated with hip fracture (0.792). 
We have used the values reported by Kanis et al.104 
for consistency, acknowledging that the adjustment 
requested by the NICE appraisal committee was 
arbitrary.

Cost data used in the treatment 
model
This report is based on the costs calculated by 
Stevenson and Davis114 and uses Healthcare 
Resource Group (HRG) costs with the inclusion of 
home help costs as used in a NICE assessment.4 
The calculations are replicated in Appendix 11. 
A summary is provided in Table 25 with the values 
inflated from 2006 prices to 2008 prices by using 
a factor of 8%, as appears reasonable based on 

TABLE 23 The percentage of women who move from the 
community to a nursing home following a hip fracture

Age band (years) Percentage of women 

50–59 0%

60–69 4%

70–79 4%

80–89 12%

90+ 17%
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TABLE 24 Utility data used within the model

Fracture type Utility in first year following fracture Utility in second year following fracture

Spine (clinical) 0.626 0.909

Hip 0.792 0.813

Wrist 0.977 1.000

Proximal humerus 0.794 Dependent upon age, ranging from 0.949 to 0.966

All taken from Kanis et al.104 except for wrist fracture in the second and subsequent years, which is an assumption. 

historic inflation indices.115 The ongoing cost of 
pharmaceutical treatment following a vertebral 
fracture was maintained at £222 per annum. 

The costs of fatality were inadvertently omitted 
from the parameters that were varied in the 
construction of the Gaussian process model; 
thus, these have had to remain constant at the 
1999/2000 value. This error is not expected to 
have a significant impact on the cost-effectiveness 
ratios but will slightly favour no treatment over 
interventions with beneficial effects on fracture.

The costs presented have been divided, when 
possible, into first year costs and costs that are 
assumed to be paid for the remainder of a patient’s 
lifetime. The costs have also been weighted by 
patient age, based on data regarding the length of 
stay in hospital and patient age. 

The cost of a visit to a GP has been estimated at 
£30.115 The cost of a BMD scan has been estimated 
at £34 in 2001/2 prices;2 this has been assumed to 
be £48 in 2008 prices with reference to published 
inflation indices.115

The costs of the 
interventions
Women receiving bisphosphonates, vitamin K 
or strontium ranelate should also be prescribed 
calcium plus vitamin D supplements if their dietary 
intake is insufficient. It is assumed that all women 
have adequate vitamin and calcium D intakes 
and that only the intervention is prescribed. The 
costs per annum are shown in Table 26 and come 
from the British National Formulary (BNF) when 
available.43

The price of vitamin K1 at 5 mg per day is not listed 
in the BNF43 although 10-mg formulations are 
listed. No evidence has been found on the effects of 

10 mg of vitamin K daily and it has been assumed 
that the efficacy in fracture prevention is equivalent 
to that of the 5-mg formulation.

Vitamin K2 is not listed in any formulation, 
probably because of the fact that menatetrenone 
is currently not permitted as a food supplement 
in the EU because there is no evidence for its 
independent role in health.26

The duration and efficacy of 
treatment and associated 
adverse events
The treatment duration for bisphosphonates and 
strontium ranelate has been maintained at 5 years; 
however, there is evidence which suggests that, for 
bisphosphonates, courses of 10 years may be cost-
effective.117

The treatment duration for vitamin K is unknown 
as it is not listed in the BNF43 as a treatment for 
osteoporosis. We have assumed that a 5-year 
course will be undertaken. Data on the fall time of 
vitamins are also unknown; we have used 5 years 
in the base case but adjust this to an immediate 
loss of effect (i.e. a fall time of 0 years) in sensitivity 
analyses. 

The efficacy data for each 
intervention used within the model

As detailed, a systematic review of the clinical 
efficacy of vitamin K has been conducted. 
The efficacies for strontium ranelate and for 
bisphosphonates have been updated and are 
contained in Appendices 9 and 10 respectively. 
These differ slightly from those reported in 
Stevenson et al.4 For all interventions we assume 
that the efficacy for all non-vertebral fractures 
is applicable for ‘wrist’ and ‘proximal humerus’ 
fractures. Data for vitamin K1 came from an 
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TABLE 26 The cost for each intervention per annum

Intervention Assumed dosage Cost per annum (£)

Alendronic acid (non-proprietary) 70 mg once weekly 51.00

Risedronate sodium (Actonel®) 5 mg once daily 249.15

Risedronate sodium (Actonel®) 35 mg once weekly 264.80

Strontium ranelate (Protelos®) 2 g once daily 333.94

Vitamin K1 (Konakion®) 10 mg once dailya 60.27

Vitamin K2 Not in the BNF43 – see text for comment 

a This is double the dose used in the RCT116 – see text for more discussion.

exclusively osteopenic population and have 
been assumed to be applicable to women with 
osteoporosis.71

All data have been calculated using a random-
effects model. We have used efficacy for the 
prevention of all clinical fractures rather than 
clinical fragility fractures when both data were 
presented to be consistent between interventions 
(Table 27).

These RRs were assumed applicable regardless 
of whether the risk of fracture was conferred by 
age, gender, T-score or previous fracture status. It 
is noted that there are no specific fracture data at 
the hip or the vertebrae for vitamin K1. As these 
fractures are associated with relatively large costs 
and disutilities, if the efficacy of vitamin K1 was 
substantially different this would affect the cost–
utility results produced.

A decision was taken not to model vitamin K2 for a 
number of reasons. This intervention is currently 
not permitted as a food supplement in the EU 
because there is no evidence for its independent 
role in health.26 The price of the intervention is 
unknown and the fracture efficacy data had wide 
confidence intervals, all of which spanned unity. 
The only large (n > 1500 patients per arm) RCT 
reported a RR of 1.01 for vitamin K2 compared 
with calcium or no active intervention, which may 

be disproportionally weighted because of the 
assumption of a random-effects model and the 
presence of a number of small (n > 100 per arm) 
RCTs. 

Two scenarios for vitamin K1 were modelled: the 
base-case scenario and an exploratory analysis 
assuming that vitamin K1 had no effect at the hip 
or vertebrae.

Because of limited data on the efficacy of 
interventions for fracture in the very elderly, it has 
been assumed that the results for women aged 75–
79 years would approximate those for women aged 
80 years and older, which is in line with previous 
modelling work.4

Adverse events associated with 
treatment

We have assumed that the adverse events associated 
with bisphosphonates are equal to those reported 
in Stevenson and Davis.114 These result in a QALY 
loss per woman over a 5-year treatment period 
ranging from 0.0016 at 50 years of age to 0.0013 
at 75 years of age. The NICE appraisal committee 
requested that these values be increased by a factor 
of 10 in the base case for some analyses;5 however, 
the authors believe that the utility detriment had 
already been overestimated and did not need to be 
increased further. Strontium ranelate is associated 

TABLE 27 The assumed relative risks of fracture for each intervention in women with osteoporosis

Vertebral fracture ‘Hip’ fracture All other fractures

Vitamin K1 0.46 (95% CI 0.22 to 0.99) 0.46 (95% CI 0.22 to 0.99) 0.46 (95% CI 0.22 to 0.99)

Vitamin K2 0.63 (95% CI 0.36 to 1.11) 0.27 (95% CI 0.03 to 2.38) 0.19 (95% CI 0.03 to 1.06)

Alendronate/risedronate 0.58 (95% CI 0.50 to 0.67) 0.72 (95% CI 0.58 to 0.88) 0.82 (95% CI 0.74 to 0.90)

Strontium ranelate 0.63 (95% CI 0.56 to 0.71) 0.89 (95% CI 0.67 to 1.18) 0.86 (95% CI 0.75 to 0.98)
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with a different set of adverse events but was 
assumed to have the same disutility as that used for 
bisphosphonates, values that have been previously 
used.5

We have assumed that there are no adverse events 
associated with vitamin K treatment.

Summarising changes between 
parameters used in this report 
and those used in preceding 
work

Work has previously been undertaken for NICE 
on the cost-effectiveness of bisphosphonates 
and strontium ranelate,5 with the results used in 
calibration and discussion of the parameters that 
predict fracture risk. Table 28 summarises the 
changes that have been made in calculating the 
cost-effectiveness ratios in this report with respect 
to this previous work.

Comparison and calibration of 
the model against previously 
published work
Recent modelling work4,5 undertaken using 
SHEMO for NICE and the National Coordinating 
Centre for Health Technology Assessment used 
data regarding the risks of fracture that were 
provided under an academic-in-confidence 
agreement. These data were not permitted to be 
used for this report and, as previously described, 
the model has reverted to estimating the risks of 
fracture based on age, gender and T-score alone, 
with increases in risks associated with clinical risk 
factors (including previous fracture).

Analyses have been carried out to compare the 
results of the new model with those of the model 
that used academic-in-confidence data. The most 
recent work5 incorporating the current price of 
alendronate could not be used for the comparison 
as different efficacies were used for some of 
the clinical risk factors. Instead the results are 
compared with previous work in which the price 
of alendronate was £173 per annum.119 With the 
exception of the underlying risks of fracture, 
which have now been calculated using age, gender, 
T-score and previous fracture status, and a slight 
adjustment in the costs, because of different 
proportions of additional fractures (see Table 4), 

the input parameters were identical. These results 
are shown in Figures 22 and 23. It is seen that the 
change in cost per QALY in relation to age is less 
pronounced in the new model compared with 
the model using academic-in-confidence data, 
with similar results being obtained for women 
aged 70 years and older with a T-score of –2.5 SD 
to –3.0 SD (Figure 22). This is favourable to the 
interventions as the cost per QALY in the younger 
patients has been underestimated.

Additional analyses were undertaken to determine 
an appropriate level of increased fracture risk when 
a previous fracture has been sustained.

The new model was rerun using four different 
ratios for the initial fracture risk due to a previous 
fracture. These were increases of 25%, 50%, 75% 
and 100%. The results produced by these factors 
were compared with the results for women with a 
previous fracture and a T-score of –2.5 SD to –3.0 
SD.119 These data are depicted in Figure 23. It is 
seen that increases of 100% and 75% underestimate 
the cost per QALY at all ages, whereas an increase 
of 25% overestimates the cost per QALY at all ages. 
An increase of 50% appears the most appropriate 
as it produces similar results in those aged 70 
years and over. This factor still underestimates 
the cost per QALY in younger ages, which will be 
favourable to the interventions.

The expected net benefit of 
sampling of a proposed RCT 
comparing alendronate and 
vitamin K1

The rationale for conducting an RCT
Both alendronate and vitamin K1 are relatively 
cheap compared with risedronate and strontium 
ranelate, with the former group priced below £61 
per annum and the latter group priced at more 
than £250 per annum (Table 26). Both alendronate 
and vitamin K1 have relatively good midpoint 
estimates for efficacy at preventing fracture (Table 
27), although the evidence base for alendronate 
is much stronger because of the large number of 
RCTs conducted with bisphosphonates and the 
wide confidence intervals for vitamin K. Given 
these mid-point efficacy estimates, it is thus not 
surprising that, as detailed later, the most cost-
effective intervention using standard cost per 
QALY thresholds94 appears to be either vitamin K1 
or alendronate. 
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FIGURE 22 Comparing the results under the new model and those when using the academic-in-confidence data allowed for previous 
modelling work assuming that women have no additional clinical risk factors and a T-score of –2.5 SD to –3.0 SD. AiC, academic-in-
confidence.

FIGURE 23 Comparing the results under the new model and those when using the academic-in-confidence data allowed for previous 
modelling work assuming that women have no additional clinical risk factors except for a previous fracture and a T-score of –2.5 SD. AiC, 
academic-in-confidence.

To address the uncertainty in the decision 
regarding which treatment to prescribe, an RCT 
directly comparing alendronate and vitamin K1 
would be beneficial, although there has been no 
previous work undertaken on whether such a 
trial would be cost-effective. We employ expected 
value of sample information (EVSI) techniques. 
The method is fully described elsewhere120–122 
and has recently been employed to determine 

the cost-effectiveness of an RCT to look at the 
long-term efficacy of bisphosphonates;117 it will be 
summarised in this report.

A major unknown in the knowledge base is the 
uncertainty around the efficacy of vitamin K1 
in preventing fractures. An RCT of vitamin K1 
against calcium alone would provide these data 
but may be unethical as patients allocated to the 
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calcium arm would be denied alendronate, which, 
as shown later, is estimated to be cost-effective 
in postmenopausal women. Thus, ethically an 
RCT should compare vitamin K1 directly against 
alendronate. The information that would be 
provided by the RCT would be the number of 
patients who fracture at each site in the two arms of 
the study. This would allow a RR of fracture at each 
site to be computed for alendronate compared 
with vitamin K1. Note that as there is not a ‘no 
treatment’ arm the RCT would not provide any 
direct additional data on the efficacy of either 
alendronate or vitamin K1 against no treatment.

The analyses undertaken assume that the proposed 
RCT would have a duration of 5 years and that an 
equal number of patients would be randomised 
to the alendronate and vitamin K1 arms. It is 
recommended that within the proposed trial it is 
ensured that women are replete of calcium as is 
standard in trials of osteoporosis interventions.

Simulating the prior expectation 
of the comparative efficacy of 
alendronate and vitamin K1

To undertake EVSI a prior expectation of the RR of 
fracture for alendronate compared with vitamin K1 
is required. This was obtained at each fracture site 
by sampling 1000 RRs for alendronate compared 
with no treatment and 1000 RRs for vitamin K1 
compared with no treatment (Table 27). The RRs 

for each intervention were combined to form 1000 
estimates of the RR of alendronate compared with 
vitamin K1. Note that this assumes independence 
between the efficacy of alendronate and the efficacy 
of vitamin K1.

A statistical distribution was fitted to the generated 
RRs of alendronate compared with vitamin K1. 
Figure 24 shows the underlying simulated data on 
the RR of alendronate compared with vitamin K1 at 
the hip and the statistical distribution fitted. Figures 
25 and 26 give corresponding data for vertebral 
and the combined wrist and proximal humerus 
fractures respectively. A summary of the assumed 
distribution is provided in Table 29.

Calculating the expected value 
of sample information

The optimal decision given current information 
is that which yields the greatest expected net 
benefit,123 defined as max t Eθ NB(t, θ) where t 
represents the treatments being compared (t = 1,2, 
. . . T), θ a multivariate probability distribution 
based on current evidence and NB(t, θ) the 
net benefit of treatment t associated with θ. 
Undertaking an RCT will provide additional data 
on a subset of the unknown parameters θI (in this 
example the RR of alendronate compared with 
vitamin K1 in preventing fracture at each site) 
but no direct evidence on the complimentary 
parameters denoted θI c, for example the disutility 
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FIGURE 24 The fitted distribution for the relative risk of alendronate compared with vitamin K1 for hip fracture.
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FIGURE 25 The fitted distribution for the relative risk of alendronate compared with vitamin K1 for vertebral fracture.
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FIGURE 26 The fitted distribution for the relative risk of alendronate compared with vitamin K1 for wrist and proximal humerus fracture.

TABLE 29 The summarised prior distribution of the relative risk of alendronate compared with vitamin K1

Site Distribution Mean (SD) of the log of the value

Hip Log-normal 0.4463 (0.3821)

Vertebral Log-normal 0.2287 (0.3941)

Wrist and proximal humerus Log-normal 0.5558 (0.3924)
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of a hip fracture. Calculation of EVSI involves 
simulating the collection of data samples and 
for each simulated sample data set examining 
the potential effect on the decision between 
treatment options. The data collected, which will 
be affected by both the underlying uncertainty in 
the parameters and the lack of precision associated 
with finite sample sizes, are denoted XθI and a 
posterior distribution of θI,θI 

c | XθI is calculated, 
which synthesises the prior distribution with the 
information produced by the RCT. Further ‘inner 
level’ Monte Carlo sampling then quantifies the 
effect of the simulated data obtained from the RCT 
on the decision, that is, whether the RCT would 
produce evidence to change the decision from that 
which is estimated to be optimal given current 
information. The optimal decision following data 
collection is the treatment option toptimal|XθI

, which 
maximises the expected net benefit [max t E(θI,θI 

c | 
XθI)NB(t, θI,θI 

c)]. From this, the expected net 
benefit, given the updated data, of the treatment 
that was optimal using current information  
[E (θI,θI 

c | XθI)NB(tbaseline, θI,θI 
c), where tbaseline is 

that which maximises Eθ NB(t, θ)] is subtracted 
to provide the additional expected net benefit 
obtained by making a decision after obtaining the 
sample data set XθI. It is noted that when updating 
the data does not change the optimal decision the 
EVSI for that value of XθI is zero. The expected 
EVSI for the RCT is calculated as the average EVSI 
across all sampled data sets XθI. That is:

EVSI = E XθI ([max t E (θI,θI c | XθI)
NB(t, θI,θI 

c)] – 
[E (θI,θI c | XθI)

NB(tbaseline, θI,θI 
c)])

For this case study, the process of simulating the 
number of fractures expected in a proposed RCT 
of specified size, updating the prior distribution 
and calculating which is the better treatment 
duration from an inner probabilistic sensitivity 
analysis (PSA) process was undertaken for each 
of the 1000 parameter configurations previously 
used in calculating the better duration of treatment 
given current information. This produced a 
range of 1000 different simulated results for 
the specified trial design. To estimate the likely 
number of fractures in each arm the likely fracture 
risks of women recruited to the RCT needed to 
be estimated. It was assumed that the risks of 
those recruited would be equivalent to the risks 
associated with women aged 70–74 years with a 
T-score of –3 SD but no previous fracture, which 
are 0.93%, 0.84%, 0.80% and 0.31% per annum 
for vertebral, hip, wrist and proximal humerus 
fractures respectively. 

Estimating the number of 
fractures in the RCT
For simplicity, we consider only trials with equal 
numbers of women, denoted n, in the two arms. 
The number of fractures simulated to occur in 
each arm of an RCT was estimated using a normal 
distribution with a mean equal to n multiplied by 
the probability of having a fracture, and variance 
equal to n multiplied by the product of the 
probability of fracture and the probability of not 
fracturing. The simulated trial results provide the 
number of people who fracture in the alendronate 
arm (x1) and the number of people who fracture in 
the vitamin K1 arm (x2).

Updating the prior distribution 
with the data from the RCT to 
form a posterior distribution
The prior distributions of the RR of alendronate 
compared with vitamin K1 were seen to be 
log-normal, thus the natural log of the RR 
of alendronate compared with vitamin K1 is 
distributed normally with a mean m1 and a 
variance of v1. We approximate the distribution of 
the log RR from the hypothetical RCT by a normal 
distribution with mean z, where z is the log RR 
of alendronate compared with vitamin K1, and 
variance s, where s = (n – x1)/(n.x1) + (n – x2)/(n.x2). 
Note that this approximation has used an estimate 
of the true sampling variance based on the data x1 
and x2, and so uncertainty in the sampling variance 
has been ignored. The posterior distribution of 
the log of the RR of alendronate compared with 
vitamin K1 is then approximately normal, with 
mean m2 and variance v2 given by v2 = 1/(1/v1 + 1/s) 
and m2 = v2 × (m1/v1 + z/s). Note that, as the number 
of women in the RCT increases, the posterior 
distribution becomes less sensitive to the choice 
of prior distribution and moves closer to that 
observed from the RCT.

An illustrative example of forming 
a posterior distribution

An illustrative example is provided using the prior 
distribution of the RR of alendronate compared 
with vitamin K1 for vertebral fractures (Table 27). 
The natural log of the prior distribution of the 
RR of alendronate compared with vitamin K1 is 
distributed normally with a mean of 0.2287 and a 
variance of 0.1553. It is assumed that we sample 
a ‘true’ log RR of alendronate compared with 
vitamin K1 of 0.3; however, due to lack of precision 
from a finite sample size, this value of the log RR 
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of alendronate compared with vitamin K1 may not 
be observed. For illustrative purposes we assume 
that a simulated RCT of 1000 women produced 
25 vertebral fractures in the alendronate cohort 
and 20 vertebral fractures in the vitamin K1 cohort 
{thus exhibiting a RR of alendronate compared 
with vitamin K1 of 0.2231 [log (25/20)] rather than 
the ‘true’ value of 0.3}. The distribution of z is thus 
estimated to be normally distributed with a mean 
of 0.2231 and a variance of 0.0880 [(1000–20)/
(1000 × 20) + (1000–25)/(1000 × 25)]. The posterior 
distribution of the natural log of the RR of 
alendronate compared with vitamin K1 would then 
be estimated to be normal with a variance of 0.0561 
[1/(1/0.1553 + 1/0.0880)] and a mean of 0.2251 
[0.0561 × (0.2287/0.1553 + 0.2231/0.0880)]. Monte 
Carlo sampling would be based on this distribution 
to provide estimates of the log RR of alendronate 
compared with vitamin K1. These values would be 
used in a standard PSA to determine which of the 
two treatments was optimal.

Transforming the posterior 
distribution into RRs compared 
with no treatment for alendronate 
and vitamin K1

Our mathematical model has been constructed 
whereby the efficacy of an intervention compared 
with no treatment is used to calculate the 
incremental costs and QALYs associated with 
treatment. The posterior distribution is for the 
log RR of alendronate compared with vitamin 
K1. This must be converted into a RR for each 
intervention compared with no treatment. To do 
this it is assumed that the RRs for alendronate 
compared with no treatment are correct, because 
of the large number of patients (almost 5000 
per arm) recruited to the bisphosphonate RCTs. 
In the PSA, the RR of alendronate is sampled 
and the RR of vitamin K1 compared with no 
treatment is directly derived from a sampled RR of 
alendronate compared with vitamin K1 and a RR 
of alendronate compared with no treatment. For 
example, if alendronate was sampled to have a RR 
of 0.8 compared with no treatment and a RR of 2 
compared with vitamin K1 then the RR of vitamin 
K1 compared with no treatment would be estimated 
to be 0.4 (0.8/2). 

Calculating the optimal decision 
following the RCT data

Given the simulated data from the RCT and the 
resulting posterior distribution of the natural log 

of the RR of alendronate compared with vitamin 
K1, the optimal decision was re-evaluated using 
PSA and the expected net benefit of the optimal 
decision obtained. This expected net benefit was 
compared with the expected net benefit of the 
optimal decision based on prior information alone. 
The average of the increase in mean net benefit 
across all 1000 simulated trial results gives the 
estimated EVSI. To calculate if the RCT is a cost-
effective use of resources two further sets of data 
are needed: how much the RCT will cost and how 
many patients will benefit from the additional 
information.

The costs of recruiting to the RCT

The cost of running the proposed RCT has 
been assumed to be £1000 per recruit (Clinical 
Trials Research Unit, ScHARR, University of 
Sheffield, 2007, personal communication) with 
additional intervention acquisition costs of 
£111.27 (£51 + £60.27) per annum. Although in 
reality there will be fixed costs and some form 
of economies of scale to be exploited, this value 
appears to be a reasonable approximation to the 
costs of successfully funded bids in the UK.

The expected number of women 
who will benefit from the 
increased knowledge
Estimating the number of women who may benefit 
from the extra research is more complicated. Table 
40 in Appendix 7 reports that an estimated 20.9% 
of women aged 70–74 years are osteoporotic; as the 
number of women in this age range is estimated to 
be 1,130,516124 this would equate to approximately 
236,000 women who could benefit from the better 
information regarding the relative efficacy of 
alendronate and vitamin K1. Assuming that one of 
these interventions is likely to remain the mainstay 
of treatment for 10 years and with an assumed 
50,000 women becoming eligible for treatment per 
year, this would equate to an estimated 736,000 
women who would benefit, which has been rounded 
up to 1,000,000 to account for patients over 75 
years of age or under 70 years of age who may 
also be eligible. It is believed that compliance 
with osteoporosis interventions is in the region of 
50%95 and, thus, the estimated number of women 
who could benefit from an RCT assessing the 
relative efficacy of alendronate and vitamin K1 is 
approximately 500,000. This value is adjusted to 
200,000 and 1,000,000 in sensitivity analyses. 
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The scenarios undertaken
Two scenarios were run, the first using a cost per 
QALY threshold of £20,000 and the second using 
a cost per QALY threshold of £30,000. In both 
scenarios RCTs were evaluated assuming that 1000, 

2000, 5000 or 10,000 women were recruited per 
arm. Sensitivity analyses were undertaken on the 
number of women who would benefit from the 
better data and the underlying fracture risks of 
those recruited within the trial.
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Results for women with and 
without a previous fracture
The results from the cost-effectiveness analyses are 
provided in detail in Appendix 11, with summary 
values provided in Figures 27–30. Note that, for 
ease of interpretation, when an intervention 
dominates no treatment the value in the figure has 
been shown as zero.

Conclusions from the analyses 
given current information
The following conclusions can be drawn from the 
cost-effectiveness analyses undertaken:

1. Vitamin K1 shows potential to be a cost-
effective treatment for preventing fractures. 
Incremental analyses suggest that it is the 
most cost-effective intervention if the efficacy 
data are assumed applicable at the hip and 
vertebrae. However, the results for alendronate 
are similar, as shown by the cost-effectiveness 
acceptability curves in Appendix 11.

2. If vitamin K1 is not effective at preventing 
fractures at the hip or vertebrae then it does 
not appear to be a cost-effective intervention. 
As such, robust data on the efficacy of vitamin 
K at these fracture sites are urgently needed.

3. Both vitamin K1, assuming efficacy at the 
hip and vertebrae, and alendronate are 
relatively much more cost-effective than either 
risedronate or strontium ranelate. Vitamin K1 
is estimated to have a cost per QALY of below 
£20,000 in all osteoporotic women aged 50 
years and older.

4. The results for women with a T-score of –2.5 
SD and a previous fracture are relatively similar 
to those for women with a T-score of –3.0 SD 
and no previous fracture.

Although the analyses have shown that vitamin K1 
is potentially the most cost-effective intervention 
when the efficacy data are assumed to be applicable 
to all sites, caution must be applied when 
interpreting the results. In the absence of vitamin 
K1 the most cost-effective treatment is alendronate, 
a bisphosphonate, which is a class of drugs that has 
been evaluated in numerous RCTs, approaching 
5000 patients per arm. In contrast, vitamin K1 has 
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FIGURE 28 The cost-effectiveness of osteoporosis interventions compared with no treatment in women with a T-score of –3.0 SD and 
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FIGURE 29 The cost-effectiveness of osteoporosis interventions compared with no treatment in women with a T-score of –2.5 SD and 
with a previous fracture.

been evaluated in only one RCT, the ECKO study,71 
in which there were less than 250 patients per 
arm, with the efficacy not detailed by fracture site. 
Although the small patient numbers are reflected 
in the wide confidence intervals, the low midpoint 
results in vitamin K1 appearing to be the most 
cost-effective intervention. Were data to become 
available which showed that the efficacy at the hip 
and vertebrae were lower than that reported for 
all fractures (excluding fingers and toes), the cost-
effectiveness results could substantially alter, as 

shown in Figures 27–30. Observational data from 
Denmark32 found no association between dietary 
vitamin K1 intake and fracture risk, although it 
should be noted that the reported dietary intakes 
(median 67 µg/day at baseline and 60 µg/day at year 
5) were considerably lower than the 5-mg daily 
dose used in the ECKO study.

For this reason we have undertaken EVSI analyses 
to determine if an RCT of alendronate versus 
vitamin K1 would represent an efficient use of 
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FIGURE 30 The cost-effectiveness of osteoporosis interventions compared with no treatment in women with a T-score of –3.0 SD and 
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resources, compared with a decision to prescribe all 
osteoporotic women with vitamin K1.

Results of the EVSI analyses

Two scenarios were examined, which differed 
in the cost per QALY threshold used (£20,000 
or £30,000). In all cases it was assumed that 
the efficacy data from the ECKO study71 were 

applicable at all fracture sites. The results are 
presented graphically in Figures 31 and 32. In both 
figures the expected EVSI is given, which is seen 
to decline as the marginal addition of patients 
provides less information (i.e. moving from 1000 to 
2000 patients per arm is expected to provide more 
benefit than moving from 9000 to 10,000 patients 
as at 9000 patients the uncertainty in the relative 
efficacies will have been substantially reduced). The 
costs of the trial are linear. The ENBS, which is the 
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EVSI minus the costs of the trial, is curved, with 
the optimal number of patients per arm shown by 
the turning point. It is seen that in both scenarios 
an RCT of 2000 women per arm appears to be 
optimal.

Sensitivity analyses undertaken 
for the EVSI analyses
A number of sensitivity analyses were undertaken. 
Changing the number of patients who would 
benefit from the data collected to 1,000,000 rather 
than 500,000 resulted in the optimal trial size from 
among those evaluated becoming 5000 women 
per arm. However, there was little difference in 
the ENBS produced between trial sizes of 2000 
women per arm and 5000 women per arm, with 
the average increase being 1%. If the number 
of women assumed to benefit was decreased to 
250,000 then 2000 women per arm remained the 
optimal number from among those evaluated. 
Similarly, increasing the cost of recruiting a patient 
to a trial to £2000 did not change the conclusion 

that 2000 women per arm was optimal amongst 
those trial sizes evaluated.

When the assumed fracture risks were reduced to 
those of a 70-year-old woman without a previous 
fracture and with a T-score of –2.5 SD the optimal 
size OF study arm from among those evaluated 
remained at 2000 women at a cost per QALY 
threshold of £20,000, but rose to 5000 women at 
a cost per QALY threshold of £30,000. However, 
there was little difference in the ENBS produced 
between trial sizes of 2000 women per arm and 
5000 women per arm, with the average increase 
being 2%.

When the risks were changed to those of a 70-year-
old woman with a T-score of –3.5 SD and without 
a previous fracture, a trial size of 2000 patients 
per arm remained optimal amongst the trial sizes 
evaluated, for both scenarios. From the sensitivity 
analyses undertaken it appears that an RCT of 
2000 patients per arm would continually provide 
data that were cost-effective to obtain.
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Vitamin K1 has the potential to be a cost-
effective intervention for preventing 

osteoporotic fractures, as it is likely to have a 
relatively inexpensive acquisition cost and a 
low RR of fracture prevention. However, this 
conclusion is heavily dependent on the efficacy 
of the intervention at the hip and the spine. At 
present there has been only one RCT of vitamin 
K1,

116 which has reported efficacy in the reduction 
of fractures as one group rather than at different 
sites. Analyses assuming that this efficacy is 
applicable at all sites indicate that vitamin K1 would 
be the most cost-effective intervention. However, 
supplementary analyses that took an extreme 
position that vitamin K1 had no effect on hip or 
vertebral fractures indicated that alendronate, the 
cheapest bisphosphonate, would be more cost-
effective in this scenario. Data are urgently needed 
on the efficacy of vitamin K1 at individual sites. It 
is noted that vitamin K1 in the preparation used 
in the RCT is not currently available in the UK, 
although preparations at double this dose do exist. 
We have used the price of the higher-strength 
formulation but indicate that the price of 5 mg of 
vitamin K1 is likely to be different to that used in 
this evaluation. 

Expected value of sampling information has been 
conducted, which shows that an RCT comparing 
alendronate with vitamin K1 and recruiting 
2000 patients per arm would represent a cost-
effective use of resources and would allow a more 
informed decision to be made over which drug, 
alendronate or vitamin K1, is the more cost-
effective. Although this analysis necessarily made 
assumptions regarding the likely efficacy of both 
drugs compared with no treatment the choice of 
2000 women per arm consistently produced high 
ENBS. It has been assumed that clinicians and 
osteoporotic women are sufficiently in equipoise 
between the benefits of alendronate and vitamin 
K1 to allow an RCT to be conducted, although 
it is recognised that some clinicians may have 
strong prevalent opinions on the relative merits 
of the two interventions. The authors note that 
the uncertainty in the efficacy of vitamin K1, 

particularly in Western women, will not be resolved 
unless an RCT is undertaken, and that it would be 
ethically more appropriate to provide alendronate 
rather than placebo in the comparator arm.

The model constructed for this analysis differed 
from that used in recent NICE appraisals4,5 (Table 
28). However, comparison of the results produced 
by the two modelling approaches shows that the 
cost per QALY ratios are unlikely to be substantially 
changed by the alternative methodology; however, 
it is noted that the cost-effectiveness ratios 
produced in this report may be favourable to the 
intervention for younger women (50–60 years of 
age).

Our analysis has not tried to position interventions 
within a care pathway as this has been the focus 
of a recent NICE appraisal,125 which has drawn 
on our earlier work5 and considered the costs 
of identifying women who should receive BMD 
scans. However, alendronate (and vitamin K1 when 
efficacy is assumed to be equal at all sites) has a 
cost per QALY of below £20,000 for all women 
aged 50 years and over who are osteoporotic, which 
implies that these treatments would normally be 
considered cost-effective.106

No formal evaluation of vitamin K2 has been 
undertaken for a number of reasons. This 
intervention is currently not permitted as a food 
supplement in the EU because there is no evidence 
for its independent role in health26 and the price 
of the intervention is unknown. Additionally, 
the fracture efficacy data have wide confidence 
intervals, all of which spanned unity, and the only 
large (n > 1500 patients per arm) RCT reported a 
RR of 1.01 for vitamin K2 compared with calcium 
or no active intervention.

No evaluation of treating with a combination 
of alendronate alongside vitamin K1 has been 
undertaken. If vitamin K1 is shown to be efficacious 
in future RCTs then the cost-effectiveness of 
combination treatment is a subject for future 
research.

Chapter 6  
Discussion
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Chapter 7  
Conclusions

undertaking such a trial have been estimated to be 
in the region of £4 million. 

Vitamin K2 has not been evaluated as it is not 
licensed as a food supplement in the EU and there 
is no statistically significant evidence that this 
intervention is effective at reducing fractures.

It would not be prudent to recommend the 
position of vitamin K1 within a treatment 

algorithm without further information. EVSI 
analyses have been undertaken and it is 
recommended that an RCT comparing alendronate 
and vitamin K1 and recruiting 2000 women 
per arm would represent a cost-effective use of 
resources. The cost implications to the NHS of 
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1. exp osteoporosis/
2. Osteoporo$.tw.
3. Bone diseases, metabolic/
4. 1 or 2 or 3
5. (Bone adj6 densit$).tw.
6. Bone density/
7. (Bone or bones).mp. [mp=title, original title, 

abstract, name of substance word, subject 
heading word]

8. exp Densitometry/
9. Tomography, x-ray computed/
10. Densit$.tw.
11. 9 and 10
12. 8 or 11
13. 7 and 12
14. 4 or 5 or 6 or 13
15. exp Vitamin K/
16. vitamin k1.tw.
17. vitamin k 1.tw.
18. menaquinone$.tw.
19. phylloquinone$.tw.
20. phytomenadione$.tw.

21. phytonadione$.tw.
22. aquamephyton$.tw.
23. konakion$.tw.
24. phyllohydroquinone$.tw.
25. vitamin k2.tw.
26. vitamin k 2.tw.
27. menaquinone$.tw.
28. vitamin k quinone$.tw.
29. vitamin k3.tw.
30. vitamin k 3.tw.
31. vitamin k sodium bisulfite.tw.
32. menadione$.tw.
33. 2-methyl-1, 4-napthalenedione.tw.
34. 2-methyl-1, 4-napthoquinone$.tw.
35. menadione bisulfite$.tw.
36. menadione sodium bisulfite$.tw.
37. vicasol.tw.
38. vikasol.tw.
39. phytonadione.tw.
40. or/15–39
41. 14 and 40
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Study and design Data extraction

Trial Review details

Author, year

Study design Objective

Publication type (i.e. full report or abstract)

Country of corresponding author

Language of publication

Sources of funding

Interventions

Focus of interventions (comparisons)

Description:

 T1: Intervention group, dose, timings

 T2: Control group, dose, timings

Intervention site (health-care setting, country)

Duration of intervention

Length of follow-up

Study characteristics

Method of randomisation: 

 Description

 Generation of allocation sequences

 Allocation concealment?

 Blinding level 

Numbers included in the study

Numbers randomised T1:

T2:

Population characteristics

Target population (describe)

Inclusion/exclusion criteria (n)

Recruitment procedures used (participation rates if 
available)

Characteristics of participants at baseline:

 Age (mean, years)

 Years since menopause

 Ethnicity

 BMD at lumbar spine:

  Mean (g/cm2)

  T-score

continued

Appendix 2  
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Study and design Data extraction

 BMD at femoral neck:

  Mean (g/cm2)

  T-score

 BMD of total hip:

  Mean (g/cm2)

  T-score

 Prevalent vertebral fracture:

  No. of women

  Mean no. of fractures

 Previous osteoporosis-related non-vertebral 
fracture:

  No. of women

  Mean no. of fractures

  Other information 

Were intervention and control groups comparable?

Outcomes

Definition of primary outcomes

Definition of secondary outcomes

Definition of tertiary outcomes

Definition of other outcomes

Analysis

Statistical techniques used

Intention to treat analysis

Does technique adjust for confounding?

Power calculation (priori sample calculation)

Attrition rates (overall rates), i.e. loss to follow-up

Was attrition adequately dealt with?

Number (%) followed-up from each condition

Compliance with study treatment

Adherence to study treatment

Results

Adverse events

Other information

Summary

Authors’ overall conclusions

Reviewers’ comments

Based on NHS CRD Report No. 4.66
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The major publication for each study is indicated 
with an asterisk.
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Iwamoto 2001
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Appendix 4  
References excluded from the review of 
clinical effectiveness after a full reading

Reference/study name Reason for exclusion

Alper 2007126 Not primary research

Clouatre and Shastri 2004127 Not primary research

Ishida and Kawai 2003128 Although this abstract states that it reports the findings of one RCT, the first author has 
clarified that it in fact combines the data from three trials (one of which was YOPS) 

Iwamoto et al. 1999129 Population of women not selected for low BMD

Iwamoto et al. 2000130 Does not report fracture outcomes

Kenney 2006131 Not primary research

Meunier 1999132 Review

NCT00165698133 Wrong comparator (alfacalcidol). Results not published although the study is said to have 
been completed in January 2007

Purwosunu et al. 2006134 Does not report fracture outcomes

Radecki 2005135 Not primary research

Rejnmark et al. 2005136 Cross-sectional study

Rejnmark et al. 2006137 Cross-sectional study

Shiraki 2006138 Population not said to be postmenopausal women; participants not said to be randomised 
to treatment groups
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The initial individual patient model runs used a 
time horizon of 10 years. This, however, would 

mean than any mortality prevented within this 
period would not be given full weight, which would 
bias against beneficial treatments, and adjustments 
were needed to correct for this error.

To adjust for this factor, an estimation of the 
QALYs that could be gained by the prevention of 
mortality at each age was made. Calculations were 
only needed from the end of the 10-year modelling 
horizon as any QALY impacts within this period 
would be explicitly calculated within the model. 
The methodology for this was as follows.

The life expectancy for a patient at the threshold 
of osteoporosis was calculated from standard life 
tables. It was assumed that any increase in mortality 
rate due to low bone mass would continue until 
death or an age of 110 years. 

As the final utility value of each patient within the 
individual patient model was not estimated by the 
Gaussian model, it was assumed, slightly favouring 
the interventions, that individuals would have a 
utility equal to that of the general population as 
reported by Kind et al.113 QALYs were discounted 
at 1.5% per annum, starting from the time of 
intervention, so that the results were consistent with 
those produced by the individual patient model.

Using these assumptions it was estimated that an 
average patient alive at the end of the model would 
accrue QALYs as given in Table 34.

TABLE 34 The expected lifetime QALYs for women alive at the 
end of the model

Age (years) at start of 
intervention Expected QALYs

50 12.443

60 6.636

70 3.225

80 0.663

Having established the gains associated with 
preventing mortality, the expected number of 
potentially preventable deaths through hip fracture 
was calculated. The methodology for this was based 
on the standard rate of hip fracture at each age and 
the expected mortality associated with hip fraacture 
at that age.

For example, the expected hip fracture rate at age 
60 years for healthy women at the threshold of 
osteoporosis is estimated to be 0.1%. For women 
with severe osteoporosis it is assumed that this risk 
can be doubled in accordance with data reported 
by Klotzbuecher et al.93 This would equate to 
an estimate of the hip fracture rate of 0.2% per 
annum, or 1.0% over a 5-year treatment period, 
assuming no additional mortality, which is one hip 
fracture for a cohort of 100 women.

The mortality rate following hip fracture is 
estimated to be 6% at age 60 years (Table 21), 
resulting in an estimated maximum of 0.06 
hip fractures that were preventable over the 
intervention period. The number that were 
preventable is assumed to be equal to the sampled 
RR for each treatment; thus, if a RR of hip fracture 
of 0.5 was estimated then it was assumed that 
0.03 deaths associated with hip fractures would be 
saved. When the RR was greater than 1, the model 
assumed that an additional number of deaths 
would occur and subtracted the expected QALYs 
from that estimated for the intervention.

The expected numbers of additional QALYs for 
women with severe osteoporosis suffering death 
from hip fracture are given in Table 35.

An alternative methodology had to be employed 
for deaths assumed to be associated with vertebral 
fractures because unlike mortalities associated with 
hip fracture these were not explicitly calculated 
within the 10-year time horizon.

It was assumed that all deaths from vertebral 
fracture would happen in year 3, the midpoint 

Appendix 6  
Calculation of the additional QALYs lost 

through a death from a hip fracture, vetebral 
fracture or proximal humerus fracture
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TABLE 35 The maximum number of QALYs gained per 100 
women at the threshold of osteoporosis from preventing hip 
fracture and subsequent mortality

Age (years)
Maximum QALYs gained 
per 100 women

50 0.174

60 0.398

70 0.832

80 0.807

of the treatment period. A 66% increase in the 
mortality rate in the year of a vertebral fracture 
was assumed, as reported by Center et al.101 and 
assuming that all of these deaths were attributable 
to the vertebral fracture. By calculating the 
expected number of vertebral fractures per year 
and the expected associated mortality, assuming 
5 years of no treatment, the maximum number of 
QALYs that could be prevented were estimated. 
These are shown in Table 36.

TABLE 36 The maximum number of QALYs gained per 100 
women at the threshold of osteoporosis from preventing vertebral 
fracture and subsequent mortality

Age (years)
Maximum QALYs gained 
per 100 women

50 0.062

60 0.098

70 0.686

80 0.544

It was assumed that the number of mortalities that 
could be prevented is proportional to the RR of 
the treatment. Hence, a treatment with a RR of 0.5 
for vertebral fracture would be assumed to prevent 
50% of the mortalities from vertebral fracture.

A similar methodology has been used for mortality 
associated with fractures of the proximal humerus. 
The maximum number of QALYs lost because of 
proximal humerus fracture and assumed to be 
preventable are shown in Table 37.

TABLE 37 The maximum number of QALYs gained per 100 
women at the threshold of osteoporosis from preventing proximal 
humerus fracture and subsequent mortality

Age (years)
Maximum QALYs gained 
per 100 women

50 0.007

60 0.023

70 0.048

80 0.047
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An estimate of the fracture risk for women with 
average BMD and no previous fracture has 

been calculated assuming that there are three sets 
of patient type at each age: women with a T-score 
of –2.5 SD or less with a previous fracture (group 
A), women with a T-score of –2.5 SD or less without 
a previous fracture (group B) and women with an 
average BMD and without previous fracture (group 
C). 

The T-score values of the average female 
population and of those that are osteoporotic are 
provided in Table 38.

It is assumed that a previous fracture will increase 
the risk of subsequent fractures (at all sites) twofold 
compared with group C. The increased risk due to 
a woman being osteoporotic will be calculated from 
the data in Table 38 and Tables 17 and 18 of the 
main report. An example of how to calculate the 
RRs for hip fracture in groups A and B is provided 
for women aged 70–74 years.

At 70–74 years of age the average T-score is –1.69 
SD and the decrease in Z-score to those who are 
osteoporotic is 1.31 (Table 38). This will equate 
to an increased risk of hip fracture in group B of 
2.781.31 = 3.82 (see Table 18).

The RR of women in group A is assumed to be 
double that of group B, i.e. 2 × 2.781.31 = 7.63.

The calculated RRs of groups A and B, by age and 
fracture site, are given in Table 39.

To estimate the risk of fracture within group C 
the percentages of patients suffering osteoporosis 
and severe osteoporosis must be estimated. Data 
on the percentage of women who are osteoporotic 
(including severe) at each age have been 
calculated from the average BMD, assuming that 
BMD is normally distributed and has a SD of 1. 
Estimates of the percentage of women with severe 
osteoporosis at each age have been calculated using 
data from Kanis et al.,142 which indicate that the 
percentages of all fractures that are first fractures 
are approximately 90% below the age of 70 years 
and 80% above the age of 70 years. Assuming these 
figures to be applicable in the UK the percentage 
of the population with severe osteoporosis can be 
estimated from the incidence of fracture since age 
50 years142 and expected mortality rates,35 assuming 
that all fractures at the hip, spine, wrist or proximal 
humerus were caused by osteoporosis. The 
estimated proportions of the female population 
with osteoporosis and severe osteoporosis are given 
in Table 40 (calculations not shown). 

At 70 years of age it is expected that 15.6% of 
women will have severe osteoporosis and 5.3% will 
have osteoporosis; 79.1% of women will not be 
osteoporotic (Table 40).

Appendix 7  
Calculating the risk of fracture for women 

with a Z-score of 0 and no previous fracture

TABLE 38 The T-score values of the average female population and of those that are osteoporotic

Age (years)

Average UK 
T-score, Holt et 
al.17a 

Average T-score for patients 
with a T-score of –2.5 SD or less, 
calculated from Holt et al.17a

The fall in Z-score between those 
women who are osteoporotic and 
those with average BMD

50–54 –0.66 –2.82 2.16

55–59 –0.92 –2.72 1.80

60–64 –1.17 –2.78 1.61

65–69 –1.43 –2.84 1.41

70–74 –1.69 –3.00 1.31

75–79 –1.94 –2.97 1.03

a Compared with the NHANES III reference data for women aged 20–29 years.
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TABLE 39 The relative risk of fracture for osteoporotic women with or without a previous fracture

Age 
(years)

Hip Vertebral Wrist Proximal humerus

Group A Group B Group A Group B Group A Group B Group A Group B

50–54 33.36 16.68 7.12 3.56 4.14 2.07 5.52 2.76

55–59 17.62 8.81 5.76 2.88 3.66 1.83 4.66 2.33

60–64 12.17 6.09 5.15 2.58 3.44 1.72 4.26 2.13

65–69 8.93 4.47 4.58 2.29 3.21 1.61 3.88 1.94

70–74 7.63 3.82 4.32 2.16 3.11 1.55 3.70 1.85

75–79 5.31 2.65 3.66 1.83 2.83 1.41 3.25 1.62

TABLE 40 The assumed proportion of women with osteoporosis by age

Age (years)
Population of women with osteoporosis 
(including severe)

Population of women with severe 
osteoporosis

50–54 3.29% 0.49%

55–59 5.71% 2.40%

60–64 9.18% 5.28%

65–69 14.23% 9.46%

70–74 20.90% 15.60%

75–79 28.77% 22.40%

The average incidence of hip fracture (ignoring 
fractures at the pelvis and other femoral fractures) 
at age 70–74 years is estimated to be 0.38% per 
annum (Table 2).

This will comprise:

Percentage in group A × RR group A × group 
C risk + percentage in Group B × RR group 
B × group C risk + percentage in group 
C × group C risk

which equates to:

15.6% × 7.63 × group C 
risk + 5.3% × 3.82 × group C 
risk + 79.1% × group C risk = 218% × group C 
risk

As 218% × group C risk equals the average 
incidence of 0.38% per annum, the risk in group 
C must equal 0.38%/2.18 = 0.18%. The risks in 

group A and group B will be 0.18% × 7.63 and 
0.18% × 3.82, respectively, which correspond to 
1.34% and 0.67%, respectively, per annum.

The risk for a woman aged 70–74 years can now 
be estimated at any T-score. Thus, at the threshold 
of osteoporosis, the Z-score decrease is 0.81 (see 
Table 1) and the risk of a hip fracture will be 
0.18% × 2.780.81 = 0.40% per annum.

When fractures at the pelvis and other femoral 
fractures are considered the fracture risk is 
increased by 20% (see Table 14), which would 
increase the risk of fracture to 0.48% per annum.

This methodology was repeated for all fracture 
sites and all ages. Sensitivity analyses previously 
conducted4 showed that the average risk for a 
healthy woman did not change markedly with small 
changes in the percentages of patients with severe 
osteoporosis.
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An electronic search of MEDLINE was 
conducted in January 2008. This sought to 

identify studies of any type that dealt with the 
adverse effects associated with the administration 
of any type of supplementary vitamin K to adults 
with primary osteoporosis or osteopenia. The 
following search strategy was used:

1. (ae or po or to or co or de).fs.
2. adverse event$.tw. 
3. adverse effect$.tw. 
4. side effect$.tw.
5. safe$.tw.
6. 1 or 2 or 3 or 4 or 5 
7. exp Vitamin K/
8. vitamin k1.tw. 
9. vitamin k 1.tw. 
10. menaquinone$.tw. 
11. phylloquinone$.tw. 
12. phytomenadione$.tw. 
13. phytonadione$.tw. 
14. aquamephyton$.tw. 
15. konakion$.tw. 
16. phyllohydroquinone$.tw. 
17. vitamin k2.tw. 
18. vitamin k 2.tw. 
19. vitamin k quinone$.tw.
20. vitamin k3.tw.
21. vitamin k 3.tw. 

22. vitamin k sodium bisulfite.tw.
23. menadione$.tw. 
24. 2-methyl-1, 4-napthalenedione.tw. 
25. 2-methyl-1, 4-napthoquinone$.tw. 
26. menadione bisulfite$.tw. 
27. menadione sodium bisulfite$.tw. 
28. vicasol.tw. 
29. vikasol.tw.
30. phytonadione.tw. 
31. or/7–30 
32. 6 and 31
33. exp osteoporosis/
34. Osteoporo$.tw.
35. Bone diseases, metabolic/
36. 33 or 34 or 35 
37. (Bone adj6 densit$).tw. 
38. Bone density/
39. (Bone or bones).mp. [mp=title, original title, 

abstract, name of substance word, subject 
heading word] 

40. exp Densitometry/
41. Tomography, x-ray computed/
42. Densit$.tw. 
43. 41 and 42
44. 40 or 43 
45. 39 and 44
46. 36 or 37 or 38 or 45
47. 32 and 46

Appendix 8  
Systematic searching for evidence 
relating to Vitamin K and adverse 
effects in osteoporotic patients



Appendix 8

90

FIGURE 33 Adverse effects: summary of study selection and exclusion – electronic literature searches.

Potentially relevant articles
identified and screened for

retrieval: n = 207

Papers rejected at the title stage:
n = 145

Papers rejected at the
abstract stage:

n = 56

Full papers excluded:
n = 4

Total abstracts screened:
n = 62

Total full papers screened:
n = 6

Total full papers accepted:
n = 2
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A systematic review of the clinical effectiveness 
of strontium ranelate for the prevention of 

osteoporotic fracture in postmenopausal women 
was carried out on behalf of NICE in 2005.4 Three 
studies that compared strontium ranelate with 
placebo met the review’s inclusion criteria. These 
were: 

• the STRATOS study,143 a randomised, 
multicentre, double-blind, 2-year phase II 
dose-ranging study whose aim was to identify 
the smallest dose of strontium ranelate that was 
effective in treating postmenopausal vertebral 
osteoporosis, using BMD of the lumbar spine 
adjusted for bone strontium content as the 
primary end point

• the SOTI study,144 a randomised, multicentre, 
double-blind, phase III study designed to 
evaluate the efficacy of strontium ranelate 
against vertebral fracture in postmenopausal 
women with osteoporosis and a history of 
vertebral fracture (although only 86.9% of 
the study population actually had prevalent 
vertebral fractures145)

• the TROPOS study,146 a randomised, 
multicentre, double-blind, phase III study 
designed to assess the efficacy of strontium 
ranelate in reducing the incidence of 
osteoporosis-related non-vertebral fractures in 
postmenopausal women with osteoporosis with 
or without fracture.

At that time, only 3-year data were available for the 
SOTI and TROPOS studies.

In August 2008, the search strategy used for the 
previous review was rerun in MEDLINE. No new 
trials were identified, but four publications were 
identified that presented new data from two of the 
three studies previously identified:

• 5-year results from the TROPOS study147

• quality of life data from the SOTI study148

• 4-year vertebral fracture data from the SOTI 
study (presented in a review article149)

• fracture data from the TROPOS study 
(included in a Cochrane review150).

Marquis et al.,148 in their article on quality of life 
data from the SOTI study, variously describe 
SOTI as a 5-year and a 3-year study, and Roux149 
included in his review 4-year data from the SOTI 
study. However, Roux did not reference the source 
of those data and we have been unable to identify 
any publication relating specifically to the SOTI 
study that presents data relating to efficacy at 4 or 
5 years. 

The additional data from the publications listed 
above have been incorporated into our earlier 
assessments of clinical effectiveness and the results 
relating to the licensed 2-g daily dose of strontium 
ranelate are summarised in the following sections.

Strontium ranelate: fracture 
data

Vertebral fracture
All three studies reported only those fractures 
that occurred in previously intact vertebrae. In 
the TROPOS study,146 vertebral radiographs were 
not mandatory; although they were taken in as 
many patients as possible, baseline and follow-up 
radiographs were available for only 71% of the 
study population. 

Meta-analysis of the 3-year fracture data from 
the SOTI and TROPOS studies found a RR of 
radiographic fracture over that period of 0.63 (95% 
CI 0.56 to 0.71) (Figure 34). It was not possible 
to include in the meta-analysis the results of the 
STRATOS study or the 5-year data from the 
TROPOS study because of the way that the data 
were published. However, the 5-year RR calculated 
by the authors for the TROPOS study (0.76, 95% 
CI 0.65 to 0.88) is not inconsistent with the 3-year 
results, although the point estimate is rather less 
favourable to strontium ranelate.

Appendix 9  
Strontium ranelate for the 

prevention of osteoporotic fracture 
in postmenopausal women
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TABLE 41 Strontium ranelate: vertebral fracture data

Study Fracture definition
Number in each group suffering 
vertebral fracture

Number needed to treat 
for a given period to avoid 
an event (95% CI)

STRATOS143 A decrease of at least 
20% in one of the 
ratios of vertebral 
height

Radiographic fracture, 2 years: SR: 42.0%; 
placebo: 54.7% 
RR (calculated by study investigators): 0.77 
(95% CI 0.54 to 1.09)

Not calculable

SOTI144 Semiquantitative 
(method of Genant 
et al.53)

Radiographic fracture, 3 years: SR: 139/719 
(19.3%); placebo: 222/723a (30.7%); RR 0.63 
(95% CI 0.52 to 0.76), p < 0.0001
Clinical fracture, 3 years: SR: 75/719 (10.4%); 
placebo: 117/723a (16.2%); RR 0.64 (95% CI 
0.49 to 0.85), p < 0.001
Unspecified fracture, 4 years (author’s 
calculation):149 RR 0.67 (95% CI 0.53 to 0.81), 
p < 0.001

Radiographic fracture, 3 years: 
9 (6 to 14)
Clinical fracture, 3 years: 18 
(11 to 44)
Unspecified fracture, 4 years: 
not calculable

TROPOS146 Semiquantitative 
(method of Genant 
et al.53)

3 years:150 SR: 202/1817 (11.1%); placebo: 
321/1823 (17.6%); RR 0.63 (95% CI 0.54 to 
0.74)
5 years:147 SR: 307/? (20.8%); placebo: 384/? 
(24.9%); RR 0.76 (95% CI 0.65 to 0.88), 
p < 0.001

3 years: 16 (11 to 24)
5 years: not calculable

SR, strontium ranelate.
a PJ Meunier, Hôpital Edouard Herriot, Lyon, 11 March 2005, personal communication.

Review: Strontium ranelate
Comparison: 04 Radiographic vertebral fracture
Outcome: 01 Radiographic vertebral fracture

Study or 
subcategory

Strontium ranelate 
n/N

Placebo
n/N

RR (random) 
95% Cl

Weight
%

RR (random) 
95% Cl

SOTI144 139/719 222/723 43.84 0.63 (0.52 to 0.76)
TROPOS146 202/1817 321/1823 56.16 0.63 (0.54 to 0.74)

Total (95% Cl) 2536 2546 100.00 0.63 (0.56 to 0.71)
Total events: 341 (Strontium ranelate), 543 (Placebo)
Test for heterogeneity χ2 = 0.00, df = 1 (p = 0.98), I2 = 0%
Test for overall effect: z = 7.37 (p < 0.00001)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 34 Strontium ranelate: incident radiographic vertebral fracture.

The pooled data from the SOTI and TROPOS 
studies suggest that it would be necessary to treat 
13 women for 3 years to avoid a radiographic 
vertebral fracture (95% CI 10 to17). However, 
because the number needed to treat is related 
to the absolute rather than the relative risk of 
fracture, the number needed to treat for 3 years 
is noticeably lower in the SOTI study than in the 
TROPOS study (9 versus 16), even though the 

relative risk of fracture is very similar in both 
studies. This is because the absolute risk of a 
fracture is higher in the SOTI study, which set out 
to recruit only participants with osteoporosis with 
previous fracture; the 3-year radiographic fracture 
rate in the placebo group in the SOTI study is 
30.7%, whereas in the TROPOS study, which 
recruited participants with osteoporosis with or 
without previous fracture, it is 17.6% (Table 41).
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TABLE 42 Strontium ranelate: all non-vertebral fractures

Study
Number in each group suffering non-vertebral 
fracture

Number needed to treat for 3 
years to avoid an event (95% CI)

STRATOS143 SR 2 g: 9.2%; placebo: 7.7%
As the number of women in each group was not stated, it 
was not possible to calculate the RR, nor was this reported 
by the study investigators

Not calculable

SOTI144 All non-vertebral fractures: SR: 112/826; placebo: 122/814; RR 
0.90 (95% CI 0.71 to 1.15), p = 0.41

71a

TROPOS146 3 years:146 SR: 233/2479; placebo: 276/2453; RR 0.84 (95% CI 
0.71–0.99)
5 years:147 SR: 312/2479; placebo: 359/2456; RR 0.86 (95% CI 
0.75 to 0.99), p = 0.04

3 years: 54 (28–647)
5 years: 50 (25–839)

a 95% CI not calculated because the 95% CI for the absolute risk reduction extends from a negative number (indicating 
that treatment may be harmful) to a positive number (indicating that treatment may be beneficial).

Review: Strontium ranelate
Comparison: 06 All non-vertebral fractures
Outcome: 01 All non-vertebral fractures

Study or 
subcategory

Strontium ranelate 
n/N

Placebo
n/N

RR (random) 
95% Cl

Weight
%

RR (random) 
95% Cl

SOTI144 112/826 122/814 32.60 0.90 (0.71 to 1.15)
TROPOS146 233/2479 276/2453 67.40 0.84 (0.71 to 0.99)

Total (95% Cl) 3305 3267 100.00 0.86 (0.75 to 0.98)
Total events: 345 (Strontium ranelate), 393 (Placebo)
Test for heterogeneity χ2 = 0.29, df = 1 (p = 0.59), I2 = 0%
Test for overall effect: z = 2.22 (p = 0.03)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 35 Strontium ranelate: all incident non-vertebral fractures.

Non-vertebral fracture

All three studies reported non-vertebral fractures, 
although only the SOTI and TROPOS studies 
presented the data in such a way as to enable 
them to be included in a meta-analysis (Table 42). 
Meta-analysis of the 3-year data from these studies 
indicated that strontium ranelate was associated 
with a RR of any non-vertebral fracture of 0.86 
(95% CI 0.75 to 0.98, p = 0.03) (Figure 35), with 
the number needed to treat for 3 years to avoid an 
event being 58 (95% CI 31 to 471).

Hip, wrist and other non-vertebral 
fractures
None of the studies was powered to identify a 
statistically significant difference in the incidence 
of fracture at any specific peripheral fracture site, 
and none reported a significant reduction in hip or 

wrist fracture in relation to its full intention to treat 
population (Tables 43 and 44). 

Adverse effects
In the STRATOS, SOTI and TROPOS studies, 
a 2-g daily dose of strontium ranelate was not 
associated with a statistically significant increase 
in all-cause mortality (RR 0.99, 95% CI 0.64 to 
1.53).150 However, there was an increased death 
rate due to cardiac disorders in patients receiving 
active treatment during the first year of therapy, 
but not thereafter, and deaths that could be related 
to thrombosis/embolism (including pulmonary 
embolism, cerebrovascular accident and intestinal 
infarction) were also more common in patients 
receiving active treatment.151 The 2-g dose of 
strontium ranelate was not associated with a 
statistically significant increase in serious adverse 
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TABLE 43 Strontium ranelate in postmenopausal osteoporosis or osteopenia: hip fracture data 

Study
Number of women in each group suffering hip 
fracture

Number needed to treat for 3 years to 
avoid an event (95% CI)

STRATOS143 Not reported –

SOTI144 Not reported –

TROPOS147 3-year data (actual numbers not reported):150 RR 0.85 
(95% CI 0.61 to 1.19)
5-year data:147 SR: 88/2479; placebo: 98/2456; RR 0.89 
(95% CI 0.67 to 1.18) 

3 years: not calculable
5 years: 228a

a 95% CI not calculated because the 95% CI for the absolute risk reduction extends from a negative number (indicating 
that treatment may be harmful) to a positive number (indicating that treatment may be beneficial).

TABLE 44 Strontium ranelate in postmenopausal osteoporosis or osteopenia: wrist fracture data

Study
Number of women in each group suffering 
wrist fracture

Number needed to treat for 3 years to 
avoid an event (95% CI)

STRATOS143 Not reported –

SOTI144 Not reported –

TROPOS147 5-year data:147 SR: 86/2479; placebo: 87/2456; RR 0.98 
(95% CI 0.73 to 1.31), p = 0.89

1367a

a 95% CI not calculated because the 95% CI for the absolute risk reduction extends from a negative number (indicating 
that treatment may be harmful) to a positive number (indicating that treatment may be beneficial).

TABLE 45 Strontium ranelate in postmenopausal osteoporosis or osteopenia: humerus fracture data 

Study
Number of women in each group suffering 
humerus fracture

Number needed to treat for 3 years to 
avoid an event (95% CI)

STRATOS143 Not reported –

SOTI144 Not reported –

TROPOS147 5-year data:147 SR: 26/2479; placebo: 43/2456; RR 0.60 
(95% CI 0.37–0.97), p = 0.04

143 (74–2157)

events (RR 1.01, 95% CI 0.92 to 1.09), although it 
was associated with an increased risk of diarrhoea 
(RR 1.38, 95% CI 1.02 to 1.87).150 Patients in the 
SOTI and TROPOS studies who discontinued 
study therapy because of adverse events did so 
mainly because of nausea, but diarrhoea was also 
associated with a statistically significant increase in 
the likelihood of discontinuing therapy.151 

Postmarketing surveillance has identified isolated 
cases of hypersensitivity syndrome. This syndrome 
is very rare (16 cases in 570,000 patient-years of 
treatment) and typically occurs within 2–6 weeks 
of initiating therapy, generally resolving upon 
discontinuation. However, it is potentially fatal.149

Quality of life

The SOTI and TROPOS studies both recorded 
health-related quality of life every 6 months using 
the Short-Form 36 (SF-36) health questionnaire; 
the SOTI study also used the QUALIOST 
questionnaire.152 No quality of life results have been 
published for the TROPOS study. In the SOTI 
study strontium ranelate therapy was associated 
with a slight improvement and placebo with a slight 
deterioration in quality of life as assessed by the 
QUALIOST specific scale; the difference between 
the groups, although small, was statistically 
significant. No significant differences were seen 
between the strontium ranelate and placebo groups 
on the SF-36 before imputation of missing data, 
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TABLE 46 Compliance with study treatment

Study Definition of compliance How measured Compliance

STRATOS143 Not given Unused tablets returned at 
study visits
Drug concentrations

Mean global compliance: 
93 ± 13%; said to be no relevant 
differences between groups

SOTI144 Not given Not reported Number compliant in each 
group: strontium ranelate: 83%; 
placebo: 85%

TROPOS147 Percentage of sachets of study 
medication given to the patient 
that were actually taken

Unused sachets of study 
medication returned at each 
6-monthly visit

Global compliance: 81.6%

TABLE 47 Proportion of participants completing study

Study Proportion of participants completing study protocol

STRATOS143 Proportion of participants completing study protocol (2 years): SR 0.5 g: 77%; SR 1 g: 73%; SR 2 g: 
77%; placebo: 81%

SOTI144 Proportion of participants completing follow-up at 3 years: SR 2 g: 76%; placebo: 77%

TROPOS146 Proportion of participants completing follow-up at 3 years: SR 2 g: 66%; placebo: 64%
Proportion of participants completing follow-up at 5 years:147 SR 2 g: 1384/2554 (54%); placebo: 
1330/2537 (52%)
Mean duration of exposure to randomised treatment:147 1126 ± 668 days 

and after imputation of missing data only the 
general health perception score was significantly 
better in the strontium ranelate group than in 
the placebo group. Strontium ranelate was also 
associated with a 31% reduction relative to placebo 
in the number of patients reporting back pain 
(p = 0.023).148

Continuance and compliance
All three studies presented data relating to 
compliance (Table 46). 

All three studies provided information on the 
proportion of participants who completed follow-
up (see Table 47). Although it is clear that, in 

the STRATOS study, this figure represents the 
proportion who continued to take the study 
medication for the length of the study period, it 
is not clear what proportion of participants who 
completed follow-up in the SOTI and TROPOS 
studies were still taking the study medication at the 
end of the study period. However, the publication 
of the 5-year TROPOS data147 gives the mean 
overall length of exposure to study medication, 
slightly over 3 years (Table 47). In total, 19% of 
participants were said to have discontinued study 
medication or withdrawn from the study because of 
adverse events, 21% for non-medical reasons, 0.2% 
because of protocol deviations and 0.3% because of 
aggravated osteoporosis.147
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A systematic review of the clinical effectiveness 
of the second-generation bisphosphonates 

alendronate and risedronate for the prevention of 
osteoporotic fragility fractures in postmenopausal 
women was undertaken in 2007 on behalf of the 
NCCHTA. This review updated that carried out for 
NICE in 2003.2 

In total, 23 randomised controlled studies were 
identified that met the inclusion criteria of the 
2007 review. These compared alendronate or 
risedronate (or, in the case of Hosking et al.,153 
either) with either placebo or no treatment in 
postmenopausal women with osteoporosis or 
osteopenia, and reported fracture outcomes. The 
studies were as follows:

• alendronate:
 – Adami et al.154

 – Bone et al.155

 – Bone et al.156

 – Carfora et al.157

 – Chesnut et al.158

 – Durson et al.159

 – the Fracture Intervention Trial (FIT) 
fracture arm79

 – the Fracture Intervention Trial (FIT) non-
fracture arm80

 – the FLEX trial160

 – Greenspan et al.161

 – Hosking et al.153

 – Kaadan162

 – Liberman et al.163

 – Lindsay et al.164

 – Or et al.165

 – Pols et al.166

 – Rossini et al.167

• risedronate:
 – Clemmesen et al.168

 – Fogelman et al.169

 – Harris et al.170

 – Hosking et al.153

 – McClung et al.171

 – McClung et al.172 (the Hip Intervention 
Program) 

 – Reginster et al.173 

All studies except the FLEX trial appear to have 
evaluated the efficacy of alendronate or risedronate 
in women who were essentially bisphosphonate 
naive. The FLEX trial evaluated the efficacy 
of a further 5 years of alendronate therapy in 
participants in the FIT study who had already 
received alendronate for at least 3, and for a 
mean of 5, years during and after that study.160 It 
therefore did not seem appropriate to include the 
results of the FLEX trial in meta-analyses of studies 
that recruited bisphosphonate-naive women. 

All studies of alendronate except that by Hosking 
et al.153 used a daily dose. Hosking et al. compared 
weekly alendronate both with placebo and with 
daily risedronate.

A number of articles presented data relating to 
extensions of earlier studies. These were:

• a 4-year extension174 followed by a 3-year 
extension175,176 of the study by Liberman et 
al.;163 only 247 of the original 994 participants 
(25%) took part in the final extension study

• a 2-year extension of the study by Harris 
et al.,170 open only to women who had both 
successfully completed the original study and 
undergone iliac crest bone biopsies at baseline 
and 36 months;177 only 86 of the 2458 original 
participants (3%) took part in the extension

• two extensions178,179 of the study by Reginster 
et al.;173 these included only 265 (33%) and 
164 (20%), respectively, of the 814 women 
randomised in the original study to either 
placebo or a 5-mg dose of risedronate. 

Appendix 10  
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alendronate and risedronate for the 
prevention of osteoporotic fracture 
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These extension studies were not included in the 
2007 review because the attrition rates were such 
that they could no longer be considered truly 
randomised.

Details of the included studies are summarised in 
Table 48.

Nine studies154–156,159,161,164,167,168,173 stated that 
they recruited women with osteoporosis but 
used definitions that included women who, 
by the current World Health Organization 
(WHO) definition, had osteopenia rather than 
osteoporosis; they are therefore classified as such 
in Table 48. Harris et al.170 sought to include women 
who had either two or more vertebral fractures, 
regardless of T-score, or one vertebral fracture 
and a T-score at the lumbar spine of –2 or below; 
however, at baseline, only 79% of the placebo 
group, 80% of the 5-mg risedronate group and 
85% of the 2.5-mg group had prevalent vertebral 
fractures, and it is therefore possible that some of 
the participants had osteopenia without prevalent 
fracture. Kaadan162 and Or et al.165 did not specify 
the definition of osteoporosis used.

The 2001 study by McClung et al.172 was designed 
specifically to study the effect of risedronate on 
the risk of hip fracture in elderly women with 
osteoporosis or other risk factors for hip fracture. 
Two distinct groups were recruited: women aged 
70–79 years with osteoporosis, and women aged 80 
years or older with either at least one non-skeletal 
risk factor for hip fracture or osteoporosis. Each 
group was randomised separately to treatment, 
and the proportion of younger and older women 
with various risk factors was said to be balanced 
among the treatment groups. Only 16% of the 
older stratum was recruited on the basis of low 
femoral neck BMD; 58% were recruited solely on 
the basis of clinical risk factors such as a recent fall-
related injury. In total, 39% of the younger stratum 
had evidence of at least one vertebral fracture at 
baseline.172 

Alendronate and risedronate: 
fracture data
Vertebral fracture

Eleven studies of alendronate and four studies of 
risedronate provided information on the incidence 
of radiographic vertebral fractures. However, 
only seven of the alendronate studies and three 
of the risedronate studies used throughout a dose 
currently licensed in the UK for the treatment 
of postmenopausal osteoporosis (i.e. 10 mg/day 

or 70 mg/week of alendronate or 5 mg/day of 
risedronate), and two of those (the FLEX study160 
and Liberman et al.163) used a range of doses that 
included a licensed dose but only presented pooled 
data relating to all doses (Table 49). In the Fracture 
Intervention Trial,79,80 the alendronate dose was 
increased from 5 mg to 10 mg after 2 years.

Ideally, only data relating to the licensed doses 
of alendronate and risedronate would have been 
included in the meta-analysis of vertebral fracture 
data. However, only one study, the small 1-year 
study by Durson et al.,159 provided usable data 
relating to alendronate taken at a licensed dose 
throughout the study, and it did not produce a 
statistically significant result. Despite using a dose 
of only 5 mg for the first 2 years, both arms of the 
longer, and much larger, high-quality Fracture 
Intervention Trial79,80 demonstrated a greater 
treatment effect, as did the study by Liberman et 
al.163 (the latter pooled data relating to alendronate 
given at doses of either 5 or 10 mg for 3 years or 
20 mg for 2 years followed by 5 mg for 1 year). Data 
from these studies have therefore been included 
in the meta-analysis of vertebral fracture risk, 
together with data from the arms of the risedronate 
studies by Fogelman et al.,169 Harris et al.170 and 
Reginster et al.173 that used the licensed 5-mg dose. 

The meta-analysis indicates that the second-
generation bisphosphonates alendronate and 
risedronate are associated with a risk of vertebral 
fracture relative to placebo of 0.58 (95% CI 0.50 
to 0.67) in women with osteoporosis or osteopenia 
(Figure 36). 

Those studies that could not be incorporated into 
the meta-analysis because they only presented 
rates and not actual numbers of women with 
fracture (Carfora et al.,157 Kaadan162 and Or et al.165) 
also found that a 10-mg dose of alendronate was 
associated with a reduction in vertebral fracture 
rate (Table 49). 

Non-vertebral fracture
Thirteen studies of alendronate and seven studies 
of risedronate presented data relating to non-
vertebral fracture (Table 50). 

As in the case of vertebral fractures, ideally only 
data relating to the current licensed doses of 
alendronate and risedronate would have been 
included in the meta-analysis. However, as before, 
data from the FIT fracture and non-fracture arms 
and from the study by Liberman et al. have been 
included. In addition, data have been included 
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TABLE 49 Alendronate in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment – radiographic vertebral 
fracture data 

Study
Bisphosphonate 
dose

Definition of 
morphometric fracture 

Number of women in each group 
suffering vertebral fracture

Alendronate

Adami 1995154 10 and 20 mg/day Not applicable Clinical fracture data only presented; site not 
specified

Bone 1997155 1, 2.5 and 5 mg/day 20% Alendronate 1 mg: 4
Alendronate 2.5 mg: 3
Alendronate 5 mg: 4
Placebo: 6
RRs not calculable as denominators not 
available; difference between groups said by 
investigators not to be statistically significant

Bone 2000156 10 mg/day Not applicable Clinical fracture data only presented 

Carfora 1998157 5 and 10 mg/day; 
20 mg/day for 15 
months/placebo for 15 
months

Not given Alendronate 5 mg: 5.88%
Alendronate 10 mg: 2.94%
Alendronate 20 mg: 8.82%
Placebo: 11.8% 
RRs not calculable as the actual numbers of 
women suffering fracture were not stated

Chesnut 1995158 5, 10, 20 and 40 mg/day Not given There were no vertebral fractures in any 
subject

Durson 2001159 10 mg/day 20% Alendronate: 12/38 (31.6%)
Control: 14/35 (40.0%)
RR 0.79 (95% CI 0.42 to 1.47)

FIT fracture arm 
199679

5 mg/day, increased 
after 2 years to 10 mg/
day

20% Alendronate: 78/981 (8.0%)
Placebo: 145/965 (15.0%)
RR 0.53 (95% CI 0.41 to 0.69) 

 FIT non-fracture 
arm 199880

5 mg/day, increased 
after 2 years to 10 mg/
day

20% Alendronate: 43/2057 (2.1%)
Placebo: 78/2077 (3.8%)
RR 0.56 (95% CI 0.39 to 0.80) 
[The reduction in RR was significant in those 
women whose initial T score was –2.5 or less 
(RR 0.50, 95% CI 0.31 to 0.82), but not in those 
with initial T-scores greater than –2.5]

FLEX 2006160 5 or 10 mg/day > 20% with a 
semiquantitative 
confirmation

Denominator not specified
Alendronate: 60 (9.8%)
Placebo: 46 (11.3%)
RR 0.86 (95% CI 0.60 to 1.22) (authors’ 
calculation, adjusted for centre and risk 
stratum)

Greenspan 2002161 10 mg/day Not applicable Clinical fracture data only presented; site not 
specified

Hosking 2003153 70 mg/week Not applicable Clinical fracture data only presented; site not 
specified

continued
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Study
Bisphosphonate 
dose

Definition of 
morphometric fracture 

Number of women in each group 
suffering vertebral fracture

Kaadan 2002162 10 mg/day Not stated Alendronate: 3.3%
Placebo: 6.3%
RR not calculable as the actual numbers of 
women suffering fracture were not stated

Liberman 1995163 5, 10 and 20 mg/day, 
decreased to 5 mg/day 
after 2 years

20% Pooled alendronate groups: 17/526 (3.2%)
Placebo: 22/355 (6.2%)
RR 0.52 (95% CI 0.28 to 0.97) 

Lindsay 1999164 10 mg/day Not applicable No symptomatic vertebral fractures were 
identified in either group

Or 2001165 10 mg/day Not stated Alendronate: 2.5%
Placebo: 9.8%
RR not calculable as the actual numbers of 
women suffering fracture were not stated

Pols 1999166 10 mg/day Not applicable Vertebral fractures not investigated

Rossini 1994167 20 mg/day Not stated No subjects suffered vertebral fracture during 
the study period

Risedronate

Clemmesen 
1997168

2.5 mg daily or 
cyclically

15% or 25% (different 
fracture definitions used 
by the Danish and Belgian 
centres)

Gives number of vertebral fractures identified 
at each centre but not number of women 
suffering those fractures. States that there was 
a tendency towards a lower incidence and rate 
of new vertebral fractures in the group taking 
daily continuous risedronate, but this was not 
statistically significant

Fogelman 2000169 2.5 and 5 mg/day Any vertebral height ratio 
below 3 SD of the mean for 
the study population 

Risedronate 2.5 mg: 8/60
Risedronate 5 mg: 8/112
Placebo: 17/125 
RR, 5 mg vs placebo, 0.53 (95% CI 0.24 to 1.17)

Harris 1999170 2.5 and 5 mg/day 15% + semiquantitative 
method 

Risedronate 5 mg: 61/696
Placebo: 93/678 
RR 0.64 (95% CI 0.47 to 0.87)

Hosking 2003153 5 mg/day Not applicable Clinical fracture data only presented; site not 
specified

McClung 1998171 2.5 and 5 mg/day Not reported Not reported

McClung 2001172 2.5 and 5 mg/day Not reported Not reported

Reginster 2000173 2.5 and 5 mg/day 15% + semiquantitative 
method

Risedronate 5 mg: 53/344
Placebo: 89/346 
RR 0.60 (95% CI 0.44 to 0.81)

TABLE 49 Alendronate in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment – radiographic vertebral 
fracture data (continued)
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Review: Bisphosphonates trial
Comparison: 05 Osteoporosis with or without prior fracture, osteopenia, or high risk of hip fracture
Outcome: 01 Incident vertebral fracture

Study or 
subcategory

Treatment
n/N

Control
n/N

RR (random) 
95% Cl

Weight
%

RR (random) 
95% Cl

01 Alendronate
Dursun 2001160 12/38 14/35 5.17 0.79 (0.42 to 1.47)
FIT fracture arm79 78/981 145/965 29.25 0.53 (0.41 to 0.69)
FIT non-fracture arm80 43/2057 78/2077 14.72 0.56 (0.39 to 0.80)
Liberman 1995164 17/526 22/355 5.19 0.52 (0.28 to 0.97)

Subtotal (95% Cl) 3602 3432 54.33 0.56 (0.46 to 0.67)
Total events: 150 (Treatment), 259 (Control)
Test for heterogeneity: χ2 = 1.42, df = 3 (p = 0.70), I2 = 0%
Test for overall effect: z = 6.01 (p < 0.00001)

02 Risedronate
Fogelman 2000170 8/112 17/125 3.10 0.53 (0.24 to 1.17)
Reginster 2000174 53/344 89/346 21.26 0.60 (0.44 to 0.81)
Harris 1999171 61/696 93/678 21.32 0.64 (0.47 to 0.87)

Subtotal (95% Cl) 1152 1149 46.67 0.61 (0.50 to 0.75)
Total events: 122 (Treatment), 199 (Control)
Test for heterogeneity: χ2 = 0.24, df = 2 (p = 0.89), I2 = 0%
Test for overall effect: z = 4.62 (p < 0.00001)

Total (95% Cl) 4754 4881 100.00 0.58 (0.50 to 0.67)
Total events: 272 (Treatment), 458 (Control)
Test for heterogeneity: χ2 = 2.09, df = 6 (p = 0.91), I2 = 0%
Test for overall effect: z = 7.55 (p < 0.00001)

0.1 0.2
Favours treatment Favours control

0.5 1 2 5 10

FIGURE 36 Alendronate or risedronate: incident vertebral fracture in postmenopausal osteoporosis (with or without previous fracture) or 
osteopenia.

from one large risedronate study (McClung et 
al.172), which only reported pooled data relating 
to participants receiving 2.5-mg and 5-mg doses 
of risedronate. Their reason for doing so was that 
the study by Reginster et al.173 had shown that 
both doses were effective in reducing the risk of 
vertebral fractures. However, Reginster et al.173 
discontinued the 2.5-mg dose after 2 years on the 
basis that McClung et al.171 had shown that the 
5-mg dose had a more consistent effect on BMD 
and a similar safety profile, and both they and 
Harris et al.170 published only 1-year data relating 
to the 2.5-mg dose and 3-year data relating only 
to the 5-mg dose. Consequently, the meta-analysis 
includes the 3-year data from the studies by Harris 
et al.170 and Reginster et al.,173 which relate to the 
licensed 5-mg dose, and does not include data 
relating to the 2.5-mg dose either from those 
studies or from the study by Clemmesen et al.168 

The meta-analysis indicates that the second-
generation bisphosphonates alendronate and 
risedronate are associated with a risk of non-

vertebral fracture relative to placebo of 0.82 (95% 
CI 0.74 to 0.90) in women with osteoporosis or 
osteopenia or at high risk of hip fracture (Figure 
37).

As may be seen, the results are less consistent 
than those for vertebral fracture. There is no 
apparent reason why, in the study by Lindsay et 
al.,164 the fracture rate should have been higher in 
women receiving HRT plus alendronate than in 
those receiving alendronate alone. In the study by 
McClung et al.,172 risedronate appears less effective 
(RR 0.84, 95% CI 0.74 to 0.96) than is suggested by 
meta-analysis of data from the studies by Fogelman 
et al.,169 Harris et al.170 and Reginster et al.173 

relating to the 5-mg risedronate dose in women 
with osteoporosis or osteopenia, with or without 
previous fracture (RR 0.66, 95% CI 0.50 to 0.87). 
This finding may be spurious, as the confidence 
intervals around the two point estimates overlap. 
Alternatively, in the study by McClung et al.172 the 
estimated efficacy of risedronate may have been 
reduced by the inclusion of data relating either 
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TABLE 50 Alendronate or risedronate in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment –non-
vertebral fracture data 

Study
Bisphosphonate 
dose Fracture definition

Number of women in each group 
suffering non-vertebral fracture

Alendronate

Adami 1995154 10 and 20 mg/day Not given; may include 
clinical vertebral fractures

Alendronate 10 mg: 1/68 (1.5%)
Alendronate 20 mg: 1/72 (1.4%)
Placebo: 3/71 (4.2%)
RR, 10 mg vs placebo, 0.35 (95% CI 0.04 to 
3.26)

Bone 1997155 1, 2.5 and 5 mg/day Not given Alendronate 1 mg: 15/86 (17.4%)
Alendronate 2.5 mg: 9/89 (10.1%)
Alendronate 5 mg: 9/93 (9.7%)
Placebo: 16/91 (17.6%)
RR, 5 mg vs placebo, 0.55 (95% CI 0.26 to 1.18)

Bone 2000156 10 mg/day Any clinical fracture (most 
were said to be non-
vertebral, occurring at 
sites such as foot, ankle 
and rib; most occurred as 
a result of trauma)

Alendronate 10 mg: 4/92 (4.3%)
Placebo: 4/50 (8.0%)
RR 0.68 (95% CI 0.19 to 2.42)

Carfora1998157 5, 10 and 20 mg/day Not given RR, alendronate vs placebo, 0.55 (authors’ 
calculation; confidence intervals and numbers of 
women suffering fractures not supplied)

Chesnut 1995158 5, 10, 20 and 40 mg/
day

Not given 13 non-vertebral fractures occurred in 12 
subjects. These were evenly distributed across 
treatment groups and were not considered 
related to therapy

FIT fracture arm 
199679

5 mg/day, increased 
after 2 years to 
10 mg/day

Any clinical non-vertebral 
fracture that was not 
pathological (e.g. due to 
malignant disease), due 
to excessive trauma or 
involving the face or skull

Alendronate: 122/1022 (11.9%)
Placebo: 148/1005 (14.7%)
RR 0.81 (95% CI 0.65 to 1.01)

 FIT non-fracture arm 
199880

Alendronate: 261/2214 (11.8%)
Placebo: 294/2218 (13.3%)
RR 0.89 (95% CI 0.76 to 1.04)

FLEX 2006160 5 or 10 mg/day Any non-vertebral fracture 
other than pathological, 
skull and excessive trauma 
fractures

Alendronate: 132/662 (19.9%)
Placebo: 93/437 (21.3%)
RR 0.93 (95% CI 0.71 to 1.21) (authors’ 
calculation, adjusted for centre and risk 
stratum)

Greenspan 2002161 10 mg/day Not given Alendronate: 13 (8%) 
Placebo: 18 (11%)
RR not calculable as the number of women in 
each group was not stated

Hosking 2003153 70 mg/week Not given; may include 
clinical vertebral fractures

Alendronate: 6/219 (2.7%)
Placebo: 2/108 (1.9%)
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Study
Bisphosphonate 
dose Fracture definition

Number of women in each group 
suffering non-vertebral fracture

Liberman 1995163 5, 10 and 20 mg/day, 
decreased to 5 mg/
day after 2 years

All symptomatic fractures, 
not excluding those due to 
trauma

Alendronate: 45/597 (7.5%)
Placebo: 38/397181 (9.6%)
RR 0.79 (95% CI 0.52 to 1.19)

Lindsay 1999164 10 mg/day Any clinically apparent 
fracture

Alendronate: 15/214 (7.0%)
Control: 9/214 (4.2%)
RR 1.67 (% CI 0.75 to 3.73)

Pols 1999166 10 mg/day Any clinically confirmed 
fracture

Alendronate: 19/950 (2.0%)
Control: 37/958 (3.9%)
RR 0.52 (95% CI 0.30 to 0.89)

Risedronate

Clemmesen 1997168 2.5 mg daily or 
cyclically

Not given, but all fractures 
occurred after falls

Continuous risedronate: 4/44 (9.1%)
Cyclical risedronate: 9/44 (20.5%)
Placebo: 4/44 (9.1%)
RR, continuous risedronate vs placebo, 1.00 
(95% CI 0.27 to 3.75)

Fogelman 2000169 2.5 and 5 mg/day Not given Risedronate 2.5 mg: 4/184 (2.2%)
Risedronate 5 mg: 7/177 (4.0%)
Placebo: 13/180 (7.2%)
RR, 5 mg vs placebo, 0.55 (95% CI 0.22 to 1.34)

Harris 1999170 2.5 and 5 mg/day All radiographically 
confirmed fractures of the 
clavicle, humerus, wrist, 
pelvis, hip or leg, whether 
or not associated with 
trauma

Risedronate 5 mg: 33/812 (4.1%)
Placebo: 52/815 (6.4%)
RR 0.64 (95% CI 0.42 to 0.97)

Hosking 2003153 5 mg/day Not given; may include 
clinical vertebral fractures

Risedronate: 6/222 (2.7%)
Placebo: 2/108 (1.9%)
RR 1.46 (95% CI 0.30 to 7.11)

McClung 1998171 2.5 and 5 mg/day Not given Non-vertebral fractures were said to be few in 
number and comparable between groups. More 
specific data were not available

McClung 2001172 2.5 and 5 mg/day All radiographically 
confirmed fractures of the 
clavicle, humerus, wrist, 
pelvis, hip or leg

Risedronate: 583/6197 (9.4%)
Placebo: 351/31342 (11.2%)
RR 0.84 (95% CI 0.74 to 0.95)

Reginster 2000173 2.5 and 5 mg/day All radiographically 
confirmed fractures of the 
clavicle, humerus, wrist, 
pelvis, hip or leg, whether 
or not associated with 
trauma

Risedronate 5 mg: 36/406 (8.9%)
Placebo: 51/406 (12.6%)
RR 0.71 (95% CI 0.47 to 1.06)

TABLE 50 Alendronate or risedronate in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment –non-
vertebral fracture data (continued)
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Review: Bisphosphonates trial
Comparison: 05 Osteoporosis with or without prior fracture, osteopenia, or high risk of hip fracture
Outcome: 04 All incident non-vertebral fracture updated

Study or 
subcategory

Treatment
n/N

Control
n/N

RR (random) 
95% Cl

Weight
%

RR (random) 
95% Cl

01 Alendronate
FIT fracture arm79 122/1022 148/1005 16.13 0.81 (0.65 to 1.01)
FIT non-fracture arm80 261/2214 294/2218 26.65 0.89 (0.76 to 1.04)
Liberman 1995164 45/597 38/397 5.64 0.79 (0.52 to 1.19)
Lindsay 1999165 15/214 9/214 1.58 1.67 (0.75 to 3.73)
Pols 1999167 19/950 37/958 3.34 0.52 (0.30 to 0.89)

Subtotal (95% Cl) 4997 4792 53.33 0.83 (0.69 to 1.00)
Total events: 462 (Treatment), 526 (Control)
Test for heterogeneity: χ2 = 6.49, df = 4 (p = 0.17), I2 = 38.3%
Test for overall effect: z = 1.98 (p = 0.05)

02 Risedronate
Fogelman 2000170 7/177 13/180 1.28 0.55 (0.22 to 1.34)
McClung 2001173 583/6197 351/3134 34.19 0.84 (0.74 to 0.95)
Reginster 2000174 36/406 51/406 5.86 0.71 (0.47 to 1.06)
Harris 1999171 33/812 52/815 5.33 0.64 (0.42 to 0.97)

Subtotal (95% Cl) 7592 4535 46.67 0.81 (0.72 to 0.90)
Total events: 659 (Treatment), 467 (Control)
Test for heterogeneity: χ2 = 2.73, df = 3 (p = 0.44), I2 = 0%
Test for overall effect: z = 3.69 (p = 0.0002)

Total (95% Cl) 12589 9327 100.00 0.82 (0.74 to 0.90)
Total events: 1121 (Treatment), 993 (Control)
Test for heterogeneity: χ2 = 9.58, df = 8 (p = 0.30), I2 = 16.5%
Test for overall effect: z = 3.92 (p < 0.0001)
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FIGURE 37 Alendronate or risedronate: incident non-vertebral fracture in women with postmenopausal osteoporosis (with or without 
previous fracture) or osteopenia or at high risk of hip fracture. 

to women receiving a 2.5-mg dose of risedronate 
or to women selected for risk factors other than 
low BMD, or both. However, although McClung et 
al.172 did not publish the data for all non-vertebral 
fractures in such a way as to enable the inclusion in 
the meta-analysis of only those women selected for 
low BMD (or indeed only those receiving a 5-mg 
dose), they did publish an analysis which indicated 
that the RR of non-vertebral fracture in women 
in the younger osteoporotic stratum who received 
risedronate was not very different, at 0.8 (95% CI 
0.7 to 1.0), from that in the study as a whole. 

Subgroup data from the FIT non-fracture arm80 
suggest that alendronate may have a significant 
effect on non-vertebral fractures in osteoporotic 
women (RR 0.64, 95% CI 0.58 to 0.82), but not in 
those who are only osteopenic (RR 1.08, 95% CI 
0.87 to 1.35). 

Hip fracture
Few studies reported specifically on hip fracture 
(Table 51).

Studies were included in the meta-analysis on 
the same basis as for the meta-analysis of all non-
vertebral fractures. Pooled data for all participants 
for both the 2.5-mg and 5-mg doses of risedronate 
from the 2001 study by McClung et al.172 were 
again included as usable data were not provided 
separately for the two doses. However, the authors 
calculated that, in the younger osteoporotic 
stratum, the risk of hip fracture relative to placebo 
was 0.5 (95% CI 0.3 to 0.9) in women receiving 
2.5 mg of risedronate and 0.7 (95% CI 0.4 to 1.1) 
in those receiving 5 mg, suggesting that the higher 
dose did not confer increased protection.

The meta-analysis indicates that the second-
generation bisphosphonates alendronate and 
risedronate are associated with a risk of hip fracture 
relative to placebo of 0.72 (95% CI 0.58 to 0.88) in 
women with osteoporosis (with or without previous 
fracture) or osteopenia or at high risk of hip 
fracture (Figure 38). 
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TABLE 51 Alendronate or risedronate in postmenopausal osteoporosis or osteopenia: comparisons with placebo or no treatment – hip 
fracture data 

Study Bisphosphonate dose
Number of women in each group suffering hip 
fracture

Alendronate

FIT fracture arm 199679 5 mg/day, increased after 2 
years to 10 mg/day

Alendronate: 11/1022 (1.1%)
Placebo: 22/1005 (2.2%)
RR 0.49 (95% CI 0.24 to 1.01)

 FIT non-fracture arm 199880 5 mg/day, increased after 2 
years to 10 mg/day

Alendronate: 19/2214 (0.9%)
Placebo: 24/2218 (1.1%)
RR 0.79 (95% CI 0.44 to 1.44)

FLEX 2006160 5 or 10 mg/day Alendronate: 20/662 (3.0%)
Placebo: 13/437 (3.0%)
RR 1.02 (95% CI 0.51 to 2.10) (authors’ calculation, adjusted 
for centre and risk stratum)

Greenspan 2002161 10 mg/day Alendronate: 2 
Placebo: 4
As the number of women in each group was not stated, it 
was not possible to calculate a RR

Liberman 1995163 5, 10 and 20 mg/day, 
decreased to 5 mg/day after 
2 years

Alendronate: 1/597 (0.2%)
Placebo: 3/397182 (0.8%)
RR 0.22 (95% CI 0.02 to 2.12)

Risedronate

Harris 1999170 2.5 and 5 mg/day Risedronate 5 mg: 12/812 (1.5%)
Placebo: 15/815 (1.8%)
RR 0.80 (95% CI 0.38 to 1.70)

McClung 2001172 2.5 and 5 mg/day Risedronate: 137/6197 (2.2%)
Placebo: 95/3134 (3.0%)
RR 0.73 (95% CI 0.56 to 0.94)
Younger osteoporotic group:
Risedronate: 55/3624 (1.5%)
Placebo: 46/1821 (2.5%)
RR 0.60 (95% CI 0.41 to 0.89)
Older high-risk group:
Risedronate: 82/2573 (3.2%)
Placebo: 49/1313 (3.7%)
RR 0.85 (95% CI 0.60 to 1.21)

Reginster 2000173 2.5 and 5 mg/day Risedronate 5 mg: 9/406 (2.2%)
Placebo: 11/406 (2.7%)
RR 0.82 (95% CI 0.34 to 1.95)
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Review: Bisphosphonates trial
Comparison: 05 Osteoporosis with or without prior fracture, osteopenia, or high risk of hip fracture
Outcome: 02 Incident hip fracture

Study or 
subcategory

Treatment
n/N

Control
n/N

RR (random) 
95% Cl

Weight
%

RR (random) 
95% Cl

01 Alendronate
FIT fracture arm79 11/1022 22/1005 8.42 0.49 (0.24 to 1.01)
FIT non-fracture arm80 19/2214 24/2218 12.11 0.79 (0.44 to 1.44)
Liberman 1995164 1/597 3/397 0.85 0.22 (0.02 to 2.12)

Subtotal (95% Cl) 3833 3620 21.38 0.62 (0.40 to 0.98)
Total events: 31 (Treatment), 49 (Control)
Test for heterogeneity: χ2 = 1.85, df = 2 (p = 0.40), I2 = 0%
Test for overall effect: z = 2.05 (p = 0.04)

02 Risedronate
McClung 2001173 137/6197 95/3134 65.21 0.73 (0.56 to 0.94)
Reginster 2000174 9/406 11/406 5.74 0.82 (0.34 to 1.95)
Harris 1999171 12/812 15/815 7.67 0.80 (0.38 to 1.70)

Subtotal (95% Cl) 7415 4355 78.62 0.74 (0.59 to 0.94)
Total events: 158 (Treatment), 121 (Control)
Test for heterogeneity: χ2 = 0.11, df = 2 (p = 0.95), I2 = 0%
Test for overall effect: z = 2.48 (p = 0.01)

Total (95% Cl) 11,248 7975 100.00 0.72 (0.58 to 0.88)
Total events: 189 (Treatment), 170 (Control)
Test for heterogeneity: χ2 = 2.40, df = 5 (p = 0.79), I2 = 0%
Test for overall effect: z = 3.15 (p = 0.002)
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FIGURE 38 Alendronate or risedronate: incident hip fracture in women with postmenopausal osteoporosis (with or without previous 
fracture) or osteopenia or at high risk of hip fracture.

Adverse events

The studies included in our 2003 review2 generally 
did not identify an increase in adverse events 
in women taking bisphosphonates. Moreover, 
Steinbuch et al.181 undertook a retrospective cohort 
study in which they used routinely collected data 
to compare mortality rates in women enrolled 
in the risedronate and placebo groups of the 
North American risedronate trials (Harris et 
al.,170 McClung et al.171 and the Hip Intervention 
Program172) over the period from initiation of study 
medication to 31 December 1997. They found no 
association between risedronate and an increase 
in all-cause mortality, cancer mortality or stroke 
mortality; although risedronate was associated 
with a non-significant increase in mortality from 
coronary artery disease, it was associated with a 
significant decrease in stroke mortality.

The more recent studies summarised here do not 
suggest that second-generation bisphosphonates 
are associated with an increase in adverse events 
other than gastrointestinal disturbances. Hosking et 
al.153 found that, although there was no significant 

increase in serious upper gastrointestinal 
adverse events in women randomised to weekly 
alendronate or daily risedronate compared with 
those randomised to placebo, women randomised 
to either bisphosphonate were more likely than 
those randomised to placebo to discontinue study 
medication because of upper gastrointestinal 
adverse events. Or et al.165 also found that 
gastrointestinal disturbances were more common in 
the alendronate than in the placebo group. 

A systematic review183 has indicated that 
bisphosphonates are associated with an increased 
risk of osteonecrosis of the jaw. Although this risk 
appears to be linked primarily to intravenous 
bisphosphonates, some cases were reported in 
patients taking daily alendronate (10 mg) for 
osteoporosis. However, no cases of osteonecrosis 
of the jaw were identified in the long-term users of 
oral alendronate in the FLEX study.160 

Quality of life
Only one study, that by Durson et al.,159 set out to 
measure the effect of alendronate treatment on 
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health-related quality of life, as measured by the 
Nottingham Health Profile (NHP). At 12 months 
they found statistically significant improvements 
in the NHP scores for pain, social isolation, energy 
level and physical ability in the alendronate group, 
but not in the control group; pain, as measured 
on a visual analogue scale, decreased significantly 
from baseline in the alendronate group but not 
in the control group. Or et al.165 noted no obvious 
improvement in quality of life in the alendronate 
group compared with the placebo group, but did 
not state how this was measured.

The FIT fracture arm collected data on the effects 
of alendronate on back pain and days of functional 
limitation or bed rest.184 Women in the alendronate 
group had significantly fewer days in bed because 
of back pain than women in the placebo group 
(mean of 1.9 days over a 3-year period versus 5.1 
days, p = 0.001), and fewer days of limited activity 
because of such pain (mean of 61.8 days versus 
73.2, p = 0.04). 

None of the studies of risedronate reported on its 
effect on quality of life.

Continuance and compliance
Continuance with medication decreases over time. 
In the studies reviewed here, the percentage of 
subjects receiving daily alendronate who completed 
the study protocol ranged from 100% at 1 year in 
the very small study by Rossini et al. to 81% at 4 
years in the FIT non-fracture arm and 72% at 6 
years in the FLEX trial; surprisingly, the figure for 
weekly alendronate was lower, at 78% at 3 months 
(Table 52). The figures for daily risedronate ranged 
from 82% at 1 year to 60% at 3 years (Table 52). 
The FIT trial found that discontinuation of study 
medication was greatest in the first month post 
randomisation: 4.8% of participants had withdrawn 
at 3 months, and 11.1% at 12 months. Although 
clinical adverse events formed the most common 
reason for withdrawal, causing 6.9% of women to 
withdraw, the proportion of women discontinuing 

TABLE 52 Continuance in randomised controlled trials: percentage of patients receiving a licensed bisphosphonate dose still taking 
bisphosphonate therapy by year 

Study Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

Alendronate 10 mg/day

Bone 2000156 NR 74

FIT fracture arm 199679 (5 mg/day, 
increased to 10 mg/day after 2 years)

NR NR 89

FIT non-fracture arm 199880 (5 mg/
day, increased to 10 mg/day after 2 
years)

NR NR NR 81

FLEX 2006160 NR NR 86 NR NR 72

Liberman 1995163 92 89 84

Lindsay 1999164 95

Pols 1999166 88

Rossini 1994167 100a

Alendronate 70 mg/week

Hosking 2003153 78b

Risedronate 5 mg/week

Fogelman 2000169 NR 78

Harris 1999170 NR NR 60

Hosking 2003153 80b

Reginster 2000173 82 NR 62

NR, not reported.
a 6 months of blinded treatment followed by 6 months of blinded follow-up.
b First 12 weeks only.
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treatment was comparable in the alendronate and 
placebo groups (RR 2.10, 95% CI 1.47 to 2.99).185 

Four studies defined compliance as taking at 
least 75% of the study medication since the last 
clinic visit. In both arms of the FIT trial,79,80 96% 
of participants who continued to take the study 
medication (alendronate or placebo) were found 
to be compliant with that medication at the final 
clinic visit, as were 96% of participants in the FLEX 
trial160 who were still taking the study medication 
at 36 months. Hosking et al.153 also found that, 
although in their study continuance at 12 weeks 
was perhaps disappointing, 95% of those taking 
either bisphosphonate were compliant with that 

medication over that period according to patient-
completed medication diaries validated by tablet 
counts. 

Summary
The aggregated results suggest that the second-
generation bisphosphonates alendronate and 
risedronate have a protective effect in relation to 
vertebral fracture in women with osteoporosis or 
osteopenia, with or without previous fracture, and 
that they also have a protective effect in relation 
to non-vertebral fracture generally, and hip 
fracture specifically, in women with osteoporosis or 
osteopenia, with or without previous fracture, or 
who are at increased risk of hip fracture. 
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Healthcare Resource Groups (HRGs) detail 
the costs that are expected to be incurred 

by a trust when treating a patient with a certain 
condition. These costs can be modified if the 
patient has an exceptionally long duration of stay, 
which is defined as beyond the ‘trim point’, with 
additional costs per day after this period. These 
costs have been centrally calculated, across a large 
number of NHS trusts, and this is the approach 
recommended by NICE for calculating costs.

The HRGs used in the estimation of costs are 
shown in the following table.

H36 Closed pelvis or lower limb fractures > 69 
or w cc

H37 Closed pelvis or lower limb fractures < 70 
w/o cc

H39 Closed upper limb fractures or 
dislocations > 69 or w cc

H40 Closed upper limb fractures or 
dislocations < 70 w/o cc

H45 Minor fractures or dislocations

H82 Extracapsular neck of femur fracture with 
fixation w cc

H83 Extracapsular neck of femur fracture with 
fixation w/o cc

H84 Intracapsular neck of femur fracture with 
fixation w cc

H85 Intracapsular neck of femur fracture with 
fixation w/o cc

H86 Neck of femur fracture with hip 
replacement w cc

H87 Neck of femur fracture with hip 
replacement w/o cc

H88 Other neck of femur fracture w cc

H89 Other neck of femur fracture w/o cc

R15 Thoracic or lumbar spinal disorders > 69  
or w cc

R16 Thoracic or lumbar spinal disorders < 70 
w/o cc

cc, complications or comorbidities; w, with; w/o, without.

The costs estimated for a hip, clinical vertebral, 
wrist and proximal humerus fracture have been 
provided.

Based on the work previously undertaken it has 
been assumed that: 

• the costs for a hip fracture will also incorporate 
pelvis and other femoral fractures

• the costs for a wrist fracture will also 
incorporate rib, scapula, sternum and clavicle 
fractures

• the costs for a proximal humerus fracture will 
also incorporate tibia, fibula and humeral shaft 
fractures.

Home help costs

The costs for home help following a fracture will be 
heavily dependent on the health resources within a 
region and on whether the patient chooses to pay 
for their own help. Questioning a small number of 
clinicians on the NICE Appraisal Committee and 
on the NICE Osteoporosis Guideline Development 
Group it appeared that home help for 2 hours a 
day for 8 weeks following a hip fracture would not 
be unreasonable. Similar resources are required 
for vertebral fractures and for wrist and proximal 
humerus fractures when the dominant arm has 
been fractured. Assuming costs of £14 per hour 
for home care115 this would imply additional 
home help costs of £1568 for hip and vertebral 
fractures and £784 for wrist and proximal humerus 
fractures. An alternative source of data for the 
amount of home help required is the Swedish study 
by Borgstrom et al.186 This estimates home help 
costs to be £1143, £1699 and £85 for hip, vertebral 
and wrist fractures respectively. We have used the 
Borgstrom data as these have been empirically 
collected and are likely to be conservative 
compared with our estimated UK values.

Appendix 11  
The calculation of the costs of fracture using 

Healthcare Resource Groups (HRGs)
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Hip fracture costs (not requiring 
nursing home admission)
The average cost from HRGs H82–H89, which 
represent hip fracture, is £5419, with a range from 
£4357 to £7136. The average cost for pelvis and 
lower limb fracture is dependent on age. For those 
patients aged over 70 years the cost is £4582 (H36). 
For patients under 69 years the cost is £4582 (H36) 
if there are complications and £2417 if there are no 
complications (H37). 

In the absence of data on the frequency of 
fractures in relation to HRG code we have 
assumed that the cost of a hip fracture is that of 
the cost of an average hip fracture or £5419. We 
have also assumed that an additional 11% of this 
cost is incurred from outpatient appointments, 
as indicated by Swedish data,186 resulting in an 
average cost of £6015. We have age weighted 
this figure in accordance with data reported by 
Borgstrom et al.186

Some additional costs will be borne for patients 
who stay longer than the trim point. We do not 
have data on this and have instead arbitrarily 
added £50 to the cost of a ‘hip’ fracture, which is 
approximately 1 additional day’s stay beyond the 
trim point for every three patients. An additional 
£93 has been added to each case as a high-cost 
A&E attendance patient. We have assumed an 
additional £1568 for home help as previously 
described. 

The costs at each age band are shown in the 
following table.

Age range (years)
HRG costs for hip fracture 
including home help (£)

50–54 5696

55–59 5696

60–64 5696

65–69 6426

70–74 6750

75–79 6750

80–84 6750

Note that these figures are markedly different from 
those reported in Lawrence et al.,187 in which the 
average hip fracture cost at a Nottingham hospital 
was approximately £12,000 for direct medical costs 
only, and from that reported in Stevenson et al.188 
(£10,760 excluding home help costs).

Additional costs associated with 
admission to a nursing home 
following a hip fracture
The additional costs associated with admission to a 
nursing home and the ongoing treatment costs per 
year have been taken from Stevenson et al.4 These 
are approximately £26,000 in the year of fracture 
and between £23,000 and £25,000 per annum 
thereafter. 

Vertebral fracture costs

For patients aged over 69 years we have used the 
R15 HRG, at a cost of £2269. For patients aged 
below 70 years we have arbitrarily assumed that 
20% have complications (and used HRG R15) and 
that 80% do not (and used HRG R16, at a cost of 
£1069). This gives a weighted cost of £1309. 

Some additional costs will be borne for patients 
who stay longer than the trim point. We do not 
have data on this and have instead arbitrarily 
added £50 to the cost of a vertebral fracture, which 
is approximately 1 additional day’s stay beyond the 
trim point per three patients. An additional £93 
has been added to each case as a high-cost A&E 
attendance patient. This equates to costs of £1452 
and £2412 for hospitalised vertebral fractures for 
patients aged below 70 years and above 70 years 
respectively. Assuming that 35% of clinical vertebral 
fractures are hospitalised,189 this results in costs 
of £508 and £844, respectively, on average for all 
clinical vertebral fractures.

We have assumed additional outpatient costs of 9% 
of inpatient costs, which are assumed applicable to 
all patients with a clinical vertebral fracture.186 This 
results in costs of £639 for patients below 70 years 
and £1061 for patients over 69 years. 

We have assumed an additional £1568 for home 
help. As in our previous modelling work2 it is 
assumed that all clinical vertebral fractures will 
receive medication, at a cost of £222 per annum.

The costs at each age band are shown in the 
following table.

Age range (years)

Costs for a clinical 
vertebral fracture including 
home help (£)

50–59 2338

60–69 2338

70–79 2760

80–89 2760



DOI: 10.3310/hta13450 Health Technology Assessment 2009; Vol. 13: No. 45

© 2009 Queen’s Printer and Controller of HMSO. All rights reserved.

113

Note that these costs are lower than those in Puffer 
et al.,190 which are over £2500 for clinical vertebral 
fracture, excluding home help costs. These costs 
may be seen as conservative as length of stay was 
assumed to be 6 days, whereas Hospital Episode 
Statistics (HES) data record 10.8 days. These are 
UK data and have been attempted to be case-
matched to try and ensure that only the costs of the 
vertebral fractures are included. 

It is possible that these costs may be overestimated 
if patients with a vertebral fracture also sustain a 
hip fracture in the 2-year collection period, as these 
costs would also be calculated in the model at the 
time of the hip fracture.

The costs of a ‘wrist’ fracture

For patients aged over 69 years we have used HRG 
H39, which has a cost of £2762. For patients aged 
below 70 years, we have arbitrarily assumed that 
20% have complications (and used H39) and that 
80% do not (and used H40, at a cost of £1447). 
This gives a weighted cost of £1692 for patients 
under 70 years.

Some additional costs will be borne for patients 
who stay longer than the trim point. We do not 
have data on this but have arbitrarily added £50 to 
the cost of a wrist fracture, which is approximately 
1 additional day’s stay beyond the trim point per 
three patients. An additional £61 has been added 
to each case as a standard A&E attendance patient. 
This equates to costs of £1803 and £2873 for 
hospitalised wrist fractures for patients aged below 
70 years and above 70 years respectively. Assuming 
that 25% of wrist fractures are hospitalised, this 
results in costs of £451 and £718, respectively, on 
average for all wrist fractures.

We have assumed additional outpatient costs 
of 31% of inpatient costs,186 which are assumed 
applicable to all patients with a wrist fracture. This 
results in costs of £1010 for patients below 70 years 
and £1609 for patients over 69 years. We have 
further assumed an additional £85 for home help. 

Rib, clavicle, scapula and sternum fractures have 
been classified as HRG H45, at a cost of £1232. 
We have arbitrarily added £50 to the cost of a wrist 
fracture, which is approximately 1 additional day’s 
stay beyond the trim point per three patients. An 
additional £61 has been added to each case as a 
standard A&E attendance patient. This equates to 
costs of £1343 per hospitalised fracture. 

Using Swedish hospitalisation, incidence and 
census data, it is assumed that 7% of such fractures 
are hospitalised112,186,191 and that 10% of inpatient 
costs are borne by all fractures as outpatient 
costs.186 This equates to £340 per fracture including 
£85 for home help costs.

The costs at each age band have been weighted 
to take the proportion of each fracture type into 
account.

Age range (years)
Costs for ‘wrist’ fracture 
including home help costs (£)

50–54 762

55–59 887

60–64 964

65–69 903

70–74 1261

75–79 1109

80+ 1004

The costs for ‘proximal humerus’ 
fractures
For patients aged over 69 years we have used HRG 
H39, which has a cost of £2762. For patients aged 
below 70 years we have arbitrarily assumed that 
20% have complications (and used H39) and that 
80% do not (and used H40, at a cost of £1447). 
This gives a weighted cost of £1692. Humerus shaft 
fractures are assumed to cost the same as proximal 
humerus fractures.

Some additional costs will be borne for patients 
who stay longer than the trim point. We do not 
have data on this but have arbitrarily added £50 
to the cost of a proximal humerus fracture, which 
is approximately 1 additional day’s stay beyond 
the trim point per three patients. An additional 
£61 has been added to each case as a standard 
A&E attendance patient. This equates to costs 
of £1803 and £2873 for hospitalised proximal 
humerus fractures for patients aged below 70 
years and above 70 years respectively. Assuming 
that 32% of proximal humerus fractures are 
hospitalised,112,186,191 this results in costs of £577 
and £919, respectively, on average for proximal 
humerus fractures.

We have assumed additional outpatient costs 
of 10% of inpatient costs,186 which are assumed 
applicable to all patients with a proximal humerus 
fracture. This results in costs of £757 for patients 
below 70 years and  £1207 for patients over 69 
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years. We have further assumed an additional £85 
for home help.

Tibia and fibula fractures have been assumed to 
cost the same as pelvis and other femoral fractures, 
which is £4582 for patients over 69 years or with 
complications (H36) and £2850 for patients under 
70 years without complications (H37). At all ages 
an additional £50 has been added for patients 
staying beyond the trim point. An additional £61 
per patient has been included as the cost of a 
standard A&E admission.

Assuming that 90% of tibia and fibula fractures are 
hospitalised,112,186,191 this results in costs of £2665 
for those below 70 years and £4224 for those above 
69 years.

We have assumed additional outpatient costs 
of 10% of inpatient costs,186 which are assumed 
applicable to all patients with a proximal humerus 
fracture. This results in costs of £2950 for patients 

below 70 years and £4682 for patients over 69 
years. We have further assumed an additional 
£1143 for home help for tibia and fibula fractures, 
equal to that associated with a hip fracture.

The costs at each age band have been weighted 
to take the proportion of each fracture type into 
account.

Age range (years)

Costs for a ‘proximal 
humerus’ fracture including 
home help costs (£)

50–54 2357

55–9 2237

60–64 2100

65–69 1941

70–74 2565

75–79 2256

80+ 1882
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This appendix will be subdivided into results 
for osteoporotic women without a previous 

fracture and results for osteoporotic women with a 
previous fracture. These results will be reported by 
combinations of age and T-score.

Results for women without a previous 
fracture

Women aged 50–54 years without previous 
fracture
The mean results for each intervention compared 
with no treatment for women aged 50–54 years 
with a T-score of –2.5 SD are given in Table 53. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 39. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

The mean results for each intervention compared 
with no treatment for women aged 50–54 years 
with a T-score of –3.0 SD are given in Table 54. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 40. 
However, it is seen that if the efficacy associated 
with vitamin K1 is only applicable to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

Women aged 55–59 years without previous 
fracture
The mean results for each intervention compared 
with no treatment for women aged 55–59 years 
with a T-score of –2.5 SD are given in Table 55. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 41. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

Appendix 12  
Detailed results

TABLE 53 Cost-effectiveness of interventions in women aged 50–54 years with a T-score of –2.5 SD and no previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 25,985 1.71 15,239 8804 to 40,684

Alendronate 23,947 1.36 17,653 12,091 to 28,137

Risedronate 125,793 1.36 92,727 73,093 to 126,186

Strontium 
ranelate

164,317 0.90 182,942 115,564 to 540,523

Vitamin K1
b 40,263 0.47 84,842 54,355 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 39 Cost-effectiveness acceptability curves for interventions in women aged 50–54 years with a T-score of –2.5 SD and no 
previous fracture.

TABLE 54 Cost-effectiveness of interventions in women aged 50–54 years with a T-score of –3.0 SD and no previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 14,825 2.60 5694 895 to 26,623

Alendronate 15,171 2.14 7097 2691 to 15,514

Risedronate 116,966 2.14 54,728 41,069 to 81,612

Strontium 
ranelate

160,368 1.35 118,627 68,244 to 648,233

Vitamin K1
b 40,430 0.60 67,481 43,340 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 40 Cost-effectiveness acceptability curves for interventions in women aged 50–54 years with a T-score of –3.0 SD and no 
previous fracture.
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TABLE 55 Cost-effectiveness of interventions in women aged 55–59 years with a T-score of –2.5 SD and no previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 23,594 1.90 12,407 6825 to 34,856

Alendronate 20,879 1.47 14,185 9412 to 23,095

Risedronate 122,721 1.47 83,375 65,777 to 112,756

Strontium 
ranelate

161,455 0.99 163,585 104,850 to 450,867

Vitamin K1
b 38,674 0.50 77,149 38,256 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominated means that less health is provided at a higher or equal acquisition cost
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FIGURE 41 Cost-effectiveness acceptability curves for interventions in women aged 55–59 years with a T-score of –2.5 SD and no 
previous fracture.

The mean results for each intervention compared 
with no treatment for women aged 55–59 years 
with a T-score of –3.0 SD are given in Table 56. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 42. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

Women aged 60–64 years without previous 
fracture

The mean results for each intervention compared 
with no treatment for women aged 60–64 years 
with a T-score of –2.5 SD are given in Table 57. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 43. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.
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FIGURE 42 Cost-effectiveness acceptability curves for interventions in women aged 55–59 years with a T-score of –3.0 SD and no 
previous fracture.

TABLE 57 Cost-effectiveness of interventions in women aged 60–64 years with a T-score of –2.5 SD and no previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 22,238 2.17 10,235 4973 to 31,641

Alendronate 20,846 1.70 12,270 7731 to 20,594

Risedronate 122,683 1.70 72,209 56,644 to 98,655

Strontium 
ranelate

162,628 1.14 142,055 90,743 to 386,976

Vitamin K1
b 40,572 0.56 72,608 46,719 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominated means that less health is provided at a higher or equal acquisition cost.

TABLE 56 Cost-effectiveness of interventions in women aged 55–59 years with a T-score of –3.0 SD and no previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 11,583 2.84 4075 Dominating to 21,912

Alendronate 10,622 2.26 4700 909 to 11,670

Risedronate 112,442 2.26 49,750 37,506 to 73,282

Strontium 
ranelate

155,739 1.46 106,789 62,990 to 467,595

Vitamin K1
b 37,512 0.63 59,266 38,256 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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The mean results for each intervention compared 
with no treatment for women aged 60–64 years 
with a T-score of –3.0 SD are given in Table 58. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 44. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

Women aged 65–69 years without previous 
fracture
The mean results for each intervention compared 
with no treatment for women aged 65–69 years 
with a T-score of –2.5 SD are given in Table 59. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 45. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

0.9

1.0

0.1

0.8

0.0
0 10 20 30 40 50 60 70 80 90 100

No treatment
Alendronate
Vitamin K1

Cost per QALY threshold (£000)

Pr
ob

ab
ili

ty
 o

f b
ei

ng
 th

e 
m

os
t c

os
t-

ef
fe

ct
iv

e

0.7

0.6

0.5

0.4

0.3

0.2

FIGURE 43 Cost-effectiveness acceptability curves for interventions in women aged 60–64 years with a T-score of –2.5 SD and no 
previous fracture.

TABLE 58 Cost-effectiveness of interventions in women aged 60–64 years with a T-score of –3.0 SD and no previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 10,354 3.19 3244 Dominating to 20,762

Alendronate 11,522 2.55 4517 691 to 11,443

Risedronate 113,337 2.55 44,435 33,317 to 65,618

Strontium 
ranelate

158,284 1.66 95,172 55,947 to 383,786

Vitamin K1
b 40,771 0.71 57,815 37,307 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 44 Cost-effectiveness acceptability curves for interventions in women aged 60–64 years with a T-score of –3.0 SD and no 
previous fracture.

TABLE 59 Cost-effectiveness of interventions in women aged 65–69 years with a T-score of –2.5 SD and no previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 16,300 2.43 6719 1689 to 28,573

Alendronate 16,306 1.95 8349 3816 to 16,248

Risedronate 118,135 1.95 60,492 46,580 to 85,872

Strontium 
ranelate

160,538 1.31 122,893 75,829 to 370,798

Vitamin K1
b 40,351 0.52 77,817 49,921 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 45 Cost-effectiveness acceptability curves for interventions in women aged 65–69 years with a T-score of –2.5 SD and no 
previous fracture.
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The mean results for each intervention compared 
with no treatment for women aged 65–69 years 
with a T-score of –3.0 SD are given in Table 60. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 46. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

TABLE 60 Cost-effectiveness of interventions in women aged 65–69 years with a T-score of –3.0 SD and no previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 1309 3.55 368 Dominating to 21,912

Alendronate 4641 2.91 1596 Dominating to 14,305

Risedronate 106,444 2.91 36,613 26,528 to 55,835

Strontium 
ranelate

155,174 1.89 82,245 45,579 to 380,423

Vitamin K1
b 40,488 0.65 61,838 39,753 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.

Women aged 70–74 years without previous 
fracture

The mean results for each intervention compared 
with no treatment for women aged 70–74 years 
with a T-score of –2.5 SD are given in Table 61. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 47. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.
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FIGURE 46 Cost-effectiveness acceptability curves for interventions in women aged 65–69 years with a T-score of –3.0 SD and no 
previous fracture.
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TABLE 61 Cost-effectiveness of interventions in women aged 70–74 years with a T-score of –2.5 SD and no previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 11,426 2.78 4113 Dominating to 25,268

Alendronate 12,560 2.23 5635 1335 to 13,269

Risedronate 114,683 2.23 51,319 38,900 to 74,558

Strontium 
ranelate

158,787 1.48 107,188 63,930 to 354,275

Vitamin K1
b 41,571 0.57 73,312 47,802 to dominating

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominated means that less health is provided at a higher or equal acquisition cost.
Dominating denotes more health provided at a lower or equal acquisition cost.
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FIGURE 47 Cost-effectiveness acceptability curves for interventions in women aged 70–74 years with a T-score of –2.5 SD and no 
previous fracture.

The mean results for each intervention compared 
with no treatment for women aged 70–74 years 
with a T-score of –3.0 SD are given in Table 62. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 48. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

Women aged 75–79 years without previous 
fracture
The mean results for each intervention compared 
with no treatment for women aged 75–79 years 
with a T-score of –2.5 SD are given in Table 63. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 49. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.
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TABLE 62 Cost-effectiveness of interventions in women aged 70–74 years with a T-score of –3.0 SD and no previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 –6325 4.05 Dominating Dominating to 14,915

Alendronate –933 3.28 Dominating Dominating to 6350

Risedronate 100,860 3.28 30,714 21,512 to 48,318

Strontium 
ranelate

152,594 2.12 71,955 38,418 to 367,355

Vitamin K1
b 42,007 0.72 58,702 38,495 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 48 Cost-effectiveness acceptability curves for interventions in women aged 70–74 years with a T-score of –3.0 SD and no 
previous fracture.

TABLE 63 Cost-effectiveness of interventions in women aged 75–79 years with a T-score of -2.5 SD and no previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 –2020 3.48 Dominating Dominating to 17,433

Alendronate 3383 2.76 1226 Dominating to 8757

Risedronate 105,184 2.76 30,714 27,362 to 58,785

Strontium 
ranelate

154,586 1.78 71,955 47,443 to 438,311

Vitamin K1
b 40,795 0.53 77,424 49,981 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 49 Cost-effectiveness acceptability curves for interventions in women aged 75–79 years with a T-score of –2.5 SD and no 
previous fracture.

TABLE 64 Cost-effectiveness of interventions in women aged 75–79 years with a T-score of –3.0 SD and no previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 –25,815 5.06 Dominating Dominating to 14,915

Alendronate –14,001 4.02 Dominating Dominating to 6350

Risedronate 87,759 4.02 21,807 13,434 to 38,567

Strontium 
ranelate

146,678 2.53 58,090 27,634 to 470,415

Vitamin K1
b 41,316 0.89 46,674 38,495 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.

The mean results for each intervention compared 
with no treatment for women aged 75–79 years 
with a T-score of –3.0 SD are given in Table 64. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 50. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

Results for women with a previous 
fracture
Women aged 50–54 years with a previous 
fracture
The mean results for each intervention compared 
with no treatment for women aged 50–54 years 
with a T-score of –2.5 SD are given in Table 65. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 51. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
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FIGURE 50 Cost-effectiveness acceptability curves for interventions in women aged 75–79 years with a T-score of –3.0 SD and no 
previous fracture.

TABLE 65 Cost-effectiveness of interventions in women aged 50–54 years with a T-score of –2.5 SD and with a previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 18,911 2.52 7500 2761 to 26,132

Alendronate 18,062 2.09 8625 4720 to 15,615

Risedronate 119,902 2.09 57,255 44,474 to 79,065

Strontium 
ranelate

161,219 1.41 114,241 72,240 to 320,586

Vitamin K1
b 40,327 0.68 59,678 38,270 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 51 Cost-effectiveness acceptability curves for interventions in women aged 50–54 years with a T-score of –2.5 SD and with a 
previous fracture.
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proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

The mean results for each intervention compared 
with no treatment for women aged 50–54 years 
with a T-score of –3.0 SD are given in Table 66. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 52. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

Women aged 55–59 years with a previous 
fracture

The mean results for each intervention compared 
with no treatment for women aged 55–59 years 
with a T-score of –2.5 SD are given in Table 67. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 53. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

TABLE 66 Cost-effectiveness of interventions in women aged 50–54 years with a T-score of –3.0 SD and with a previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 2170 3.86 562 Dominating to 16,895

Alendronate 4898 3.26 1502 Dominating to 7812

Risedronate 106,706 3.26 32,721 23,719 to 50,372

Strontium 
ranelate

155,294 2.09 74,373 41,314 to 384,617

Vitamin K1
b 40,579 0.85 47,537 30,596 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 52 Cost-effectiveness acceptability curves for interventions in women aged 50–54 years with a T-score of –3.0 SD and with a 
previous fracture.
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TABLE 67 Cost-effectiveness of interventions in women aged 55–59 years with a T-score of –2.5 SD and with a previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 15,324 2.82 5441 1388 to 21,588

Alendronate 13,460 2.27 5935 2459 to 11,751

Risedronate 115,294 2.27 50,833 39,453 to 70,322

Strontium 
ranelate

156,925 1.55 101,563 65,044 to 267,052

Vitamin K1
b 37,945 0.72 53,007 34,025 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 53 Cost-effectiveness acceptability curves for interventions in women aged 55–59 years with a T-score of –2.5 SD and with a 
previous fracture.

The mean results for each intervention compared 
with no treatment for women aged 55–59 years 
with a T-score of –3.0 SD are given in Table 68. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 54. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

Women aged 60–64 years with a previous 
fracture

The mean results for each intervention compared 
with no treatment for women aged 60–64 years 
with a T-score of –2.5 SD are given in Table 69. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 55. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.
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TABLE 68 Cost-effectiveness of interventions in women aged 55–59 years with a T-score of –3.0 SD and with a previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 –2692 4.22 Dominating Dominating to 11,688

Alendronate –1926 3.45 Dominating Dominating to 4547

Risedronate 99,876 3.45 28,985 20,968 to 44,285

Strontium 
ranelate

148,351 2.25 65,972 37,095 to 282,316

Vitamin K1
b 34,807 1.27 27,329 38,495 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 54 Cost-effectiveness acceptability curves for interventions in women aged 55–59 years with a T-score of –3.0 SD and with a 
previous fracture.

TABLE 69 Cost-effectiveness of interventions in women aged 60–64 years with a T-score of –2.5 SD and with a previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 13,290 3.20 4149 Dominating to 20,229

Alendronate 13,411 2.60 5161 1833 to 11,565

Risedronate 115,237 2.60 44,347 34,351 to 62,489

Strontium 
ranelate

158,684 1.77 89,445 57,137 to 246,718

Vitamin K1
b 40,791 0.78 52,159 33,663 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 55 Cost-effectiveness acceptability curves for interventions in women aged 60–64 years with a T-score of –2.5 SD and with a 
previous fracture.

The mean results for each intervention compared 
with no treatment for women aged 60–64 years 
with a T-score of –3.0 SD are given in Table 70. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 56. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

Women aged 65–69 years with a previous 
fracture
The mean results for each intervention compared 
with no treatment for women aged 65–69 years 
with a T-score of –2.5 SD are given in Table 71. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 57. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

The mean results for each intervention compared 
with no treatment for women aged 65–69 years 
with a T-score of –3.0 SD are given in Table 72. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 58. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

Women aged 70–74 years with a previous 
fracture
The mean results for each intervention compared 
with no treatment for women aged 70–74 years 
with a T-score of –2.5 SD are given in Table 73. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 59. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

The mean results for each intervention compared 
with no treatment for women aged 70–74 years 
with a T-score of –3.0 SD are given in Table 74. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
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FIGURE 56 Cost-effectiveness acceptability curves for interventions in women aged 60–64 years with a T-score of –3.0 SD and with a 
previous fracture.

TABLE 71 Cost-effectiveness of interventions in women aged 65–69 years with a T-score of –2.5 SD and with a previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
Cost per QALY (£)

Vitamin K1 4383 3.60 1217 Dominating to 16,987

Alendronate 6600 2.99 2208 Dominating to 8117

Risedronate 108,415 2.99 36,263 27,068 to 53,153

Strontium 
ranelate

155,549 2.02 76,845 45,675 to 230,525

Vitamin K1
b 40,458 0.74 54,549 35,050 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 57 Cost-effectiveness acceptability curves for interventions in women aged 65–69 years with a T-score of –2.5 SD and with a 
previous fracture.
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TABLE 72 Cost-effectiveness of interventions in women aged 65–69 years with a T-score of –3.0 SD and with a previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 –18,103 5.29 Dominating Dominating to 9277

Alendronate –10,9877 4.42 Dominating Dominating to 2851

Risedronate 90,879 4.42 20,576 18,617 to 33,783

Strontium 
ranelate

147,504 2.89 51,015 33,130 to 238,938

Vitamin K1
b 40,665 0.94 43,398 27,971 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 58 Cost-effectiveness acceptability curves for interventions in women aged 65–69 years with a T-score of –3.0 SD and with a 
previous fracture.

TABLE 73 Cost-effectiveness of interventions in women aged 70–74 years with a T-score of –2.5 SD and with a previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 –2927 4.11 Dominating Dominating to 14,924

Alendronate 981 3.39 289 Dominating to 6122

Risedronate 102,787 3.39 30,307 21,865 to 45,710

Strontium 
ranelate

152,923 2.28 67,144 38,251 to 224,900

Vitamin K1
b 42,291 0.79 53,522 35,219 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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TABLE 74 Cost-effectiveness of interventions in women aged 70–74 years with a T-score of –3.0 SD and with a previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 –29,554 6.00 Dominating Dominating to 8391

Alendronate –19,258 4.97 Dominating Dominating to 1426

Risedronate 82,503 4.97 16,612 9843 to 29,107

Strontium 
ranelate

143,633 3.23 44,457 21,477 to 227,060

Vitamin K1
b 42,944 1.00 43,039 28,552 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 59 Cost-effectiveness acceptability curves for interventions in women aged 70–74 years with a T-score of –2.5 SD and with a 
previous fracture.

most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 60. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

Women aged 75–79 years with a previous 
fracture
The mean results for each intervention compared 
with no treatment for women aged 75–79 years 
with a T-score of –2.5 SD are given in Table 75. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 

Incremental analyses suggest that vitamin K1 is the 
most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 61. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 
proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.

The mean results for each intervention compared 
with no treatment for women aged 75–79 years 
with a T-score of –3.0 SD are given in Table 76. 

It is seen that both alendronate and vitamin 
K1 have relatively low cost per QALY ratios. 
Incremental analyses suggest that vitamin K1 is the 
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FIGURE 60 Cost-effectiveness acceptability curves for interventions in women aged 70–74 years with a T-score of –3.0 SD and with a 
previous fracture.

TABLE 75 Cost-effectiveness of interventions in women aged 75–79 years with a T-score of –2.5 SD and with a previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 –23,097 5.18 Dominating Dominating to 9598

Alendronate –12,784 4.20 Dominating Dominating to 2716

Risedronate 88,988 4.20 21,187 13,497 to 35,546

Strontium 
ranelate

143,633 3.23 53,727 27,028 to 265,902

Vitamin K1
b 41,125 0.75 54,524 35,361 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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FIGURE 61 Cost-effectiveness acceptability curves for interventions in women aged 75–79 years with a T-score of –2.5 SD and with a 
previous fracture.
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TABLE 76 Cost-effectiveness of interventions in women aged 75–79 years with a T-score of –3.0 SD and with a previous fracture

Incremental cost 
compared with no 
treatment (£)a

Incremental QALYs 
compared with no 
treatmenta

Cost per QALY 
compared with no 
treatment (£)

95% CI for range in 
cost per QALY (£)

Vitamin K1 –58,789 7.54 Dominating Dominating to 6220

Alendronate –38,860 6.09 Dominating Dominating to 
dominating

Risedronate 62,851 6.09 10,314 4232 to 22,238

Strontium 
ranelate

134,759 3.85 35,006 13,506 to 295,993

Vitamin K1
b 41,503 0.95 43,554 28,397 to dominated

a Per 100 women.
b Assuming no effect on hip or vertebral fractures.
Dominating denotes more health provided at a lower or equal acquisition cost.
Dominated means that less health is provided at a higher or equal acquisition cost.
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most cost-effective intervention. The dominance of 
alendronate and vitamin K1 is shown in Figure 62. 
However, it is seen that if the efficacy associated 
with vitamin K1 is applicable only to wrist and 

FIGURE 62 Cost-effectiveness acceptability curves for interventions in women aged 75–79 years with a T-score of –3.0 SD and with a 
previous fracture.

proximal humerus fractures and not to hip or 
vertebral fractures then the QALYs gained are 
dramatically reduced.
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Feedback
The HTA programme and the authors would like to know 

your views about this report.

The Correspondence Page on the HTA website 
(www.hta.ac.uk) is a convenient way to publish  

your comments. If you prefer, you can send your comments  
to the address below, telling us whether you would like  

us to transfer them to the website.

We look forward to hearing from you.
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