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Abstract

Background: fractures may have serious implications in an elderly individual, and fracture prevention may include a careful
choice of medications.
Design: the Hypertension in the Very Elderly Trial (HYVET) was a double-blind placebo-controlled trial of a thiazide-like
diuretic (indapamide 1.5 mg SR) with the optional addition of the angiotensin-converting enzyme (ACE) inhibitor (perindo-
pril 2–4 mg). Fracture was a secondary end point of the trial.
Setting: HYVET recruited participants from Eastern and Western Europe, China, Australasia, and Tunisia.
Subjects: all participants were ≥80 years of age and hypertensive.
Methods: participants were randomised to receive a thiazide-like diuretic (indapamide 1.5 mg SR) ± ACE inhibitor (peri-
ndopril 2–4 mg) or matching placebos. Incident fractures were validated and analysed based on time to first fracture.
Results: there were 3,845 participants in HYVET and a total 102 reported fractures (42 in the active and 60 in the placebo
group). When taking only validated first fractures, 90 were included in the analyses (38 in the active and 52 in the placebo
group). Cox proportional hazard regression, adjusted for key baseline risk factors, resulted in a point estimate of 0.58 (95% CI
0.33–1.00, P=0.0498).
Conclusions: despite the lowering of blood pressure, treatment with a thiazide-like diuretic and an ACE inhibitor does not
increase and may decrease fracture rate.
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Introduction
A fracture can be a devastating occurrence in a very elderly
individual and may result in a loss of independence. This can
affect both the short- and long-term ability to carry out ac-
tivities of daily living and the ability to live independently in
a way that would not be seen in younger adults [1–3]. Such
consequences may impact upon the quality of life and psy-
chosocial well-being of the very elderly person, upon their
immediate relatives or carers, and upon society with in-
creased costs of additional support and care [4, 5]. A fall
is the most likely cause of a fracture, and there is much work
based around the prevention of falls [2, 6–9]. However, if
we accept that some falls will occur, it is useful to consider
whether it is possible to reduce the risk of fracture in other
ways. One possibility is via the use of thiazide diuretics,
which have been shown to increase passive reabsorption
of calcium in the proximal renal tubules and to be associated
with lower rates of calcium excretion [10, 11]. This has also
been shown in the ‘thiazide-like’ diuretics such as indapa-
mide [12–17], and it has been suggested that the use of
such drugs could preserve bone mineral density (BMD)
and potentially decrease the risk of fracture [18–23].

The Hypertension in the Very Elderly Trial (HYVET)
was a double-blind placebo-controlled trial designed to
examine the relative risks and benefits associated with the
treatment of hypertension in those aged 80 and over. The
treatment was with a thiazide-like diuretic indapamide sus-
tained release 1.5 mg±an ACE inhibitor perindopril 2–4 mg
with a primary end point of stroke. Since fracture risk is of
particular consideration in the very elderly, a secondary end
point of this trial was incident fracture. The trial was
stopped prematurely in 2007 having shown significant bene-
fit in favour of treatment for stroke, total mortality,
cardiovascular events and heart failure, and the main results
have been reported elsewhere [24]. The use of both a thia-
zide-like diuretic and an ACE inhibitor in a very elderly
population using a double-blind placebo-controlled design
provides an opportunity to examine any effect that the trial
treatment may have had on fracture risk.

Methods

The HYVET recruited patients aged 80 and over. In order
to enter the trial, the participants were required to have a
sitting systolic blood pressure of ≥160 mmHg, a diastolic
pressure of <110 mmHg and a standing systolic pressure
of ≥140 mmHg. A requirement for a minimum diastolic
pressure of 90 mmHg was removed during the trial, and a
protocol amendment was approved by all ethics and regula-
tory bodies. The participants were recruited from 192 centres,
based in hospital and general practice settings, in Eastern and
Western Europe, China, Australasia, and Tunisia. The full de-
tails of the protocol for the main trial and for the Fracture
substudy have been published elsewhere [25, 26]. In brief, pa-
tients were randomised to receive indapamide sustained
release (SR) 1.5 mg or matching placebo to which could be

added perindopril 2–4 mg or matching placebos to achieve
a goal blood pressure of less than 150/80mmHg. Participants
entered the trial after a 2-month placebo run-in phase, and
were followed up at least every 3 months after randomisation
during the first year and every 6 months thereafter. Serious
adverse events (SAE) were routinely collected using the
standard definition of an SAE, and supporting documenta-
tion was requested including any available X-ray reports for
SAEs that included fractures. Since not all fractures would ne-
cessarily be classified as SAEs, at each trial visit, investigators
were also asked to report whether the participant had suffered
from a fracture since the previous visit and, if so, to provide
supporting documentation. Each fracture, and all relevant de-
tails, was reviewed by an expert member of the trial end point
committee who was blind to treatment allocation. The inci-
dent fractures were classified in three categories: definite,
probable and insufficient evidence to show that a fracture
had occurred. Definite and probable fractures were consid-
ered to be validated and were analysed.

Cox proportional hazard regression models were used to
determine the effect of treatment upon time to first fracture
and adjusted for the impact of potential baseline risk factors
for fracture.

All analyses were performed on an intention-to-treat basis
and completed using SAS software version 9.1. The trial is re-
gistered with ClinicalTrials.gov number NCT00122811.

This work (the HYVET) was funded by grants from the
British Heart Foundation and Servier International. The
trial was co-ordinated by the Department of Care of the
Elderly, Imperial College London. Imperial College was
the sponsor of the trial. The analysis, interpretation of
the data, generation of the manuscript and decision to sub-
mit for publication were carried out independently of the
funding bodies, and the primary author had full access to
all of the data and final responsibility for the decision to
submit for publication.

Results

A total of 3,845 participants were randomised into HYVET,
and the mean follow-up was 2.1 years. (Please see Figure 1
in the supplementary data showing the flow of participants
through the trial. Supplementary data are available in Age and
Ageing online.)

There were a total of 104 fractures reported (see Table 1);
of which, 61 were classified as definite (fracture), 40 as
probable and 3 as having insufficient evidence. Two partici-
pants had three fractures, and a further seven had two. For
the purposes of these analyses, only the first reported frac-
ture was used. This gave 90 definite/probable fractures for
analysis (53 definite and 37 probable).

The treatment groups were well matched at baseline, and
were similar for age, blood pressure, and other cardiovascu-
lar and sociodemographic characteristics (Table 2). By
2 years, 73.8% of participants had been titrated up to receive
the additional perindopril.

610

R. Peters et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/ageing/article/39/5/609/40836 by guest on 18 April 2024



Table 3 shows the baseline characteristics of patients
who did and did not suffer from a fracture. The patients
who suffered from a fracture were more likely to be fe-
male (P=0.003) and older (P=0.015). For each additional
year of age, fracture risk increased by 7%, and women were
twice as likely to suffer from a fracture compared with
men.

There were 1,933 participants in the active (antihyperten-
sive) treatment arm and 1,912 in the placebo arm. The
corresponding numbers for the first occurring fractures
were 38 in the active arm and 52 in placebo. If all fractures
are included, this results in 41 validated (out of 42 reported)
in the active group, and 58 validated (out of 60 reported) in
the placebo group.

Entered Placebo Run-in 
(n= 4761) 

Excluded  (n=916) 
Reasons: 
 
In Run-in phase when trial stopped          59 
Eligible but not randomized as trial stopped          12 
Died                                                          30  
Withdrew consent                      280 
Protocol criteria not met                  461 
Centre closed                                             65 
Centre quota reached                                        9 

ITT Analysis (n= 1933) 
 
PP Analysis (n= 1922) 
 
Excluded from PP analysis (n= 11) 
Randomized in error                       6 
Did not receive correct treatment   4 
Randomized to wrong strata           1 

Lost to follow-up (n= 6) 
 
Died (n=196) 
 
Discontinued intervention (n= 645) 
 
Alive at end of trial (n=1086) 
 

Allocated to active intervention      (n= 1933) 
 
Received allocated intervention      (n= 1929) 
Did not receive allocated intervention  (n= 4) 

Lost to follow-up (n= 11) 
 
Died (n=235) 
 
Discontinued intervention (n=650) 
 
Alive at end of trial (n=1016) 

Allocated to Placebo intervention   (n= 1912) 
 
Received allocated intervention      (n= 1906) 
Did not receive allocated intervention  (n= 6) 

ITT Analysis (n= 1912) 
 
PP Analysis (n= 1900) 
 
Excluded from PP analysis (n= 12) 
Randomized in error:                    4 
Did not receive correct treatment:       6 
Randomized to wrong strata:                1 
Code broken before randomisation:      1   

Allocation 

Analysis 

Follow-Up 

Enrollment 

Randomised 
(n=3845)

Figure 1. Flow diagram of participants in the Hypertension in the Very Elderly Trial.
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When the treatment groups were compared using a Cox
proportional hazard regression model, the group receiving
antihypertensive treatment tended to be favoured with a
hazard ratio (HR) of 0.69 [95% confidence interval (CI) of
0.46–1.05, P=0.086]. (Please see Figure 2 in the supplemen-
tary data showing the cumulative hazard of fracture over
time for the two treatment groups. Supplementary data are

available in Age and Ageing online.) Adjusting for the baseline
factors that were indicated as potentially impacting on sub-
sequent fracture, (age, gender and previous use of beta
blockers) resulted in HR of 0.58 (95% CI 0.33–1.00, P=
0.0498) in favour of active treatment. Rerunning the ana-
lyses including all reported fractures, regardless of whether
they were validated or not, resulted in an unadjusted HR of
0.69 (95% CI 0.45–1.03, P=0.071) and an adjusted HR of
0.54 (95% CI 0.32–0.94, P=0.028). The proportional hazard
assumptions were not violated. The mean time to fracture in
the placebo group was 515.12 days with a standard deviation
(SD) of 443.8 days and a range from 21 to 2,177 days. For the
actively treated group, the correspondingmeanwas 742.8 days
(SD 508.8) and range 57–2,188 days.

When the previous treatment with antihypertensives, i.e.
treatment before entry into the HYVET, was examined by
class, only beta blockers were found to have a relationship
with incident fracture with an adjusted HR of 2.05 (1.03–
4.08, P=0.042).

It has been suggested that certain types of concomitant
medicationmay impact upon risk of fracture [20]. In HYVET,
benzodiazepines, antipsychotics, antidepressants, corticoste-
roids, antiepileptics, hormone replacement therapies, statins,
calcium, fluoride or vitamin D supplementations were not
used by a large number of participants (all were less than
1% of the population), and so were not included in the
analysis.

Discussion

In the HYVET, the assessment of validated fractures in the
placebo group as compared with the actively treated group
resulted in a non-significant reduction in hazard of incident
fracture of 31% with active treatment (indapamide SR±
perindopril). With adjustment for baseline factors, this was
just significant with a 42% reduction in hazard. Including all
fractures (validated and non-validated) produced similar, al-
though more statistically significant, results.

Further analyses showed that risk of incident fracture
was significantly increased with older age and female gender.
Conversely, the risk of incident fracture was not significantly
associated with number of co-morbidities, smoking, alcohol
consumption or low cognitive function at baseline. Previ-
ously, it has been shown that use of beta blockers may be
associated with a reduced risk of fractures in middle-aged
and older subjects [27]. It is not clear whether our findings
support this in the elderly. Although those taking beta
blockers prior to trial entry had a higher risk of subsequent
fracture, it is not clear whether this was the result of stop-
ping the use of beta blocker (as required to enter the trial),
their prior use had prompted a higher risk, or those who
entered the trial and stopped beta blockers were a selected
group, although the allocation to trial treatment group was
of course random. In addition, HYVET did not recruit
those who required an ongoing treatment with beta blockers
for heart failure.

Table 1. Site of reported fractures

Fracture type Validation

Number
reported

Definite
fracture

Probable
fracture

Insufficient
evidence

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Ribs, sternum and thoracic spine 5 2 0 3
Lumbar spine and pelvis 8 6 2 0
Shoulder and upper arm 9 8 1 0
Forearm 13 7 6 0
Wrist and hand 11 4 7 0
Femur 55 33 22 0
Lower leg including ankle 3 1 2 0

One individual may suffer from multiple fractures on the same date.

Table 2. Baseline characteristics by group

Active treatment
(indapamide SR

1.5 mg±perindopril
2–4 mg) n = 1,933

Placebo
n = 1,912

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, years (SD) 83.6 (3.2) 83.5 (3.1)
Percent female (%) 60.7 (n = 1174) 60.3 (n = 1152)
Previous fracture (%) 10.1 (n = 196) 7.9 (n = 151)
Mean sitting systolic blood

pressure (mmHg) at
entry (SD)

173.0 (8.4) 173.0 (8.6)

Orthostatic hypotension
(defined as a fall of
20 mmHg in systolic
or 10 mmHg in diastolic
blood pressure)

7.9 (n = 152) 8.8 (n = 169)

Smoker (%) 6.4 (n = 123) 6.6 (n = 127)
Consumes alcohol (%) 18.3 (n=353) 17.2 (n=328)
Mean number of

non-cardiovascular
co-morbidities (SD)

1.8 (1.6) 1.7 (1.5)

Mean number of
medications (SD)

0.7 (1.1) 0.7 (1.1)

Number taking beta
blockers prior to
trial entry (%)

7.4 (n = 144) 6.6 (n = 120)

Living alone (%) 22.7 (n=439) 21.0 (n=402)
Education (%) None 26.6 (n=515) 26.9 (n=515)

Primary 28.5 (n=551) 28.9 (n=552)
Secondary 29.1 (n=562) 28.2 (n=540)
Higher 12.7 (n = 246) 12.7 (n = 243)
Further 3.1 (n=59) 3.2 (n=62)

Median Mini-Mental
State Exam (baseline)

26 26

Mean Mini-Mental
State Exam (baseline)

25.3 (3.9) 25.3 (3.8)
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The HYVET was terminated early due to an unexpected
and statistically significant reduction in mortality in the ac-
tively treated group at the time of the second interim
analysis. The early stopping prevented the collection of add-

itional fracture end points in a prolonged double-blind
setting. This reduced power, and may have or may have
not contributed to the lack of a strongly statistically signifi-
cant finding for validated fracture end points.

Table 3. Relationships between baseline risk factors and incident fracture

Participants without incident
fracture (% or mean ± SD)
n=3,755

Participants with incident
fracture (% or mean ± SD)
n=90

Univariate

Hazard ratio (HR) 95% CI
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 83.5 ± 3.2 84.3 ± 3.4 1.07 1.01–1.13
Gender (% female) 60.1 76.7 2.08 1.28–3.40
Glucose (mmol/l) 5.4 ± 1.5 5.3 ± 1.1 0.98 0.85–1.14
Previous fracture 8.4 13.3 1.60 0.87–2.93
Previous cardiovascular disease 11.7 14.4 1.39 0.77–2.50
Orthostatic hypotension 8.4 ± 9.0 6.7 0.80 0.35–1.84
Centrally acting drugs prior to trial entry 14.6 18.9 1.48 0.74–2.94
ACE inhibitors prior to trial entry 41.7 39.0 0.80 0.47–1.35
Diuretics prior to trial entry 32.9 27.3 0.73 0.40–1.32
Beta blockers prior to trial entry 10.9 18.5 1.97 0.99–3.93
Calcium channel blockers prior to trial entry 36.9 38.6 1.07 0.63–1.82
Other antihypertensives prior to trial entry 16.5 16.7 1.32 0.64–2.72
Co-morbidities 1.7 ± 1.6 1.9 ± 1.5 1.04 0.91–1.18
Smoking 6.0 5.6 1.15 0.47–2.83
Consuming alcohol 17.8 13.3 0.59 0.33–1.09
Baseline Mini-Mental State Exam 25.3 ± 2.9 25.3 ± 4.0 0.99 0.94–1.05
Self-reported dizziness 79.6 81.0 1.10 0.82–1.46

C
um

ul
at

iv
e 

H
az

ar
d 

 

Time in days

Treatment 
group 
 
Placebo 

Active 

Figure 2. A graph showing cumulative hazard of fracture over time for the two treatment groups (active and placebo).
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There are many studies that have reported in this area
with varying results; however, two meta-analyses, one in
1995 and one systematic review and meta-analysis in 2006,
were in agreement and found that thiazide diuretics were as-
sociated with reduced fracture risk. The former reported a
summary odds ratio (OR) of 0.82 (95% CI 0.62–1.08), and
the later one a statistically significant summary relative risk
(RR) of 0.86 (95% CI 0.81–0.92) [22, 23]. This would sup-
port the hypothesis that the use of thiazide diuretics reduces
fracture risk with the most recent meta-analysis including
25 studies. This meta-analysis also found a reduction in risk
with the use of beta-blockers (RR 0.86, 95% CI 0.70–0.98)
(eight studies) and reported one study of ACE inhibitor use
that also showed a reduction (RR 0.81, 95% CI 0.73–0.89)
[22]. Wiens et al. found only one study assessing calcium chan-
nel blocker use, two using alpha blockers (all non-significant),
and no studies assessing the use of angiotensin receptor
blockers and fracture risk [22].

By 2 years, the majority of the HYVET participants were
taking both a thiazide-like diuretic (indapamide SR 1.5 mg)
and an ACE inhibitor (perindopril 2–4 mg). Our findings
showing a just significant reduction in fracture risk with
the actively treated group largely fit with previous studies
including the two meta-analyses, which suggested a reduc-
tion in fracture associated with diuretic use, and one study
showing reduction with ACE inhibitor use [22, 23]. In
addition, other studies observed that fractures occur more
frequently in women and in older subjects [4, 28].

The reason for the lack of effect from number of co-mor-
bidities, smoking, alcohol consumption and low cognitive
function at baseline is not clear. It could be that these factors
do not influence fracture rate in this population. This could be
particularly true for the HYVET population as these probably
represent the more healthy elderly. In HYVET, patients could
not be recruited if they needed nursing care or had a diagnosis
of dementia. Moreover, those at risk from, for example alco-
hol consumption, may have been more healthy in general and
consumed only modest quantities of alcohol.

Possible limitations of this study include this recruitment
of the healthier elderly. In addition, the designated trial visits
were at 6-month intervals after the first year which may have
meant that some non-serious fractures were not reported to
the investigators by the patients. Detailed data on falls were
also not collected. Due to the healthcare systems in each
country where HYVET was run, the investigators may have
had difficulties in collecting all information relating to frac-
tures. Moreover, no attempt was made to routinely identify
fractures of the spine, for example, vertebral collapse. Patient
adherence to trial treatment is also a possible problem in all
such studies. Nevertheless, HYVET was a double-blind,
randomised, placebo-controlled study, and therefore fol-
lowed the recognised gold standard in terms of testing
the effects of a drug treatment. Furthermore, the signifi-
cant reductions in stroke and mortality associated with
active treatment would seem to indicate that the patients
were taking a sufficient trial medication [24]. Other
strengths of HYVET include the population recruited, as

this is representative of a rapidly growing part of the popu-
lation globally in developed and developing countries. In
addition to this, although the trial visits were 6 months
apart, the designated trial coordinating office provided
training and met with every investigator annually, reinfor-
cing the need to collect fracture data (and all other data),
and many investigators saw the participants more frequent-
ly than every 6 months. Specific forms were also used to
collect fracture information, and the investigators were
asked to provide hospital and X-ray reports, all of which
were used for validation purposes.

In summary, the treatment used in HYVET may have
achieved a 31% reduction in hazard of incident fractures.
When adjusted for baseline factors, this just reached signifi-
cance. We consider that this finding may have clinical
importance. Older individuals and females were statistically
significantly more likely to suffer from a fracture. The HY-
VET population was representative of the more healthy
elderly which is a fast growing sector globally.

Key points

• Antihypertensive treatment in the hypertensive very eld-
erly was not associated with an increase in fracture rate.

• Antihypertensive treatment based on a diuretic and ACE
inhibitor was associated with a just significant decrease in
fracture rates when adjusted for baseline risk factors.

• The population is ageing, and antihypertensive treatment
has been shown to be beneficial in very elderly hyperten-
sives; these data reinforce this message.
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