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Abstract
Objectives—A high prevalence of hip and
other fractures in elderly patients with
Parkinson’s disease has been linked to
reduced bone mass arising from a defect
of renal synthesis of 1, 25-dihydroxy-
vitamin D (1, 25-[OH]2D). Treatment with
1á-hydroxyvitamin D3 (1á(OH)D3; an
active form of vitamin D) was evaluated
for maintaining bone mass and reducing
the incidence of hip and other non-
vertebral fractures in patients with Par-
kinson’s disease.
Methods—In a double blind, randomised
trial, 86 elderly patients with Parkinson’s
disease (mean Hoehn and Yahr stage, 3;
mean age 70.6 years) were randomised to
receive either 1 µg 1á(OH)D3 daily (treat-
ment group, n=43) or a placebo (n=43) for
18 months. Bone mineral densities in the
second metacarpals were determined by
computed radiographic densitometry.
Serum bone turnover indices were
measured serially, and incidence of non-
vertebral fractures was recorded.
Results—Bone mineral densities de-
creased 1.2% in the treatment group com-
pared with 6.7% in the placebo group
during 18 months (p<0.0001). At baseline
in both groups, the serum concentration
of 1, 25-[OH]2D was reduced. Parathyroid
hormone was abnormally increased in 15
patients (17%) and correlated negatively
with serum 25-hydroxyvitamin D, indicat-
ing compensatory hyperparathyroidism.
Eight patients sustained fractures (six at
the hip and two at other sites) in the
placebo group, and one hip fracture
occurred among treated patients (odds
ratio 9.8; p=0.0028).
Conclusion—By increasing serum 1, 25-
[OH]2D concentrations, treatment with
1á(OH)D3 can reduce the risk of hip and
other non-vertebral fractures in oste-
oporotic elderly patients with Parkinson’s
disease by slowing the loss of bone mineral
densities.
(J Neurol Neurosurg Psychiatry 1999;66:64–68)
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Despite a high incidence of hip fractures due to
falls in patients with Parkinson’s disease,1–3

especially in elderly female patients (odds ratio
9.4),1 little is known about bone changes in
these patients.4 5 Furthermore, hip fractures
complicate Parkinson’s disease in many elderly

people of both sexes,6–8 and increased fre-
quency of fractures other than the hip has also
been reported.3 Our previous study9 showed
that a deficiency of 1, 25-dihydroxyvitamin D
(1, 25-[OH]2D) (the most active metabolic
form of vitamin D) due to a 25-hydroxyvitamin
D (25-OHD) deficiency or an age related
reduction in the amount of 1 á-hydroxylase
with compensatory hyperparathyroidism con-
tributes to reduced bone mineral density in
patients with Parkinson’s disease. This reduc-
tion in bone mineral density increases the risk
of fractures. As there is a defect in the renal
synthesis of 1, 25-[OH]2D in Parkinson’s
disease,9 fracture risk may be reduced not by
the non-active forms of vitamin D supplements
such as ergocalciferol or cholecalciferol, but by
an active form of vitamin D such as 1á-
hydroxyvitamin D3 (1á(OH)D3). Supplemen-
tation with calcium plus 1á(OH)D3 (an
analogue of calcitriol and a provitamin of
1,25(OH)2D3) or with 1á(OH)D3 alone
increases bone mineral density in cortical and
trabecular bone.10–13 Supplements decrease the
incidence of vertebral fractures in patients with
senile and postmenopausal osteoporosis,10–14

and reduce the risk of hip fractures on the
hemiplegic side of elderly patients with
stroke.15

We conducted an 18 month randomised trial
to evaluate the eYcacy of 1á(OH)D3 in reduc-
ing progression of osteopenia in the second
metacarpal and in decreasing non-vertebral
fractures in elderly patients with Parkinson’s
disease with low serum 1, 25-[OH]2D concen-
trations. The rate of vertebral fractures was not
determined in this study, because many such
fractures are asymptomatic among elderly
patients with Parkinson’s disease and because
the interpretation of spinal radiography may be
complicated by osteoarthritis or scoliosis.

Methods
Eighty six patients with Parkinson’s disease 65
years of age or older (35 men, 51 women; mean
age 70.6 years; range 65 to 88) were enrolled in
a randomised double blind, placebo controlled
study; the subjects had not participated in a
previous study.9 The patients lived in the com-
munity (Kahanzan district with a population of
210 000), and about half of the patients visited
the hospital where the study was performed.
Patients were excluded if they showed other
known causes of osteoporosis, such as hyper-
parathyroidism or renal osteodystrophy; im-
pairment of renal, cardiac, or thyroid function;
a history of therapy with corticosteroids,
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oestrogens, calcitonin, etidronate, calcium, or
vitamin D for 3 months or longer during the 18
months preceding the study; or even brief
treatment of this nature during the 2 months
immediately preceding the study. Patients at
Hoehn and Yahr stage 5 were excluded because
their poor ambulation status largely precluded
any chance of fracture. Patients with a history
of non-vertebral fracture were also excluded.

The study was approved by the institutional
ethics committee, and informed consent was
obtained from all study subjects in the presence
of a witness.

The patients with Parkinson’s disease were
assigned to one of two study groups (treatment
(n=43) and placebo (n=43)) by means of a
computer generated random number. Neither
the patients nor the physicians were aware of
the treatment assignment throughout the study
period. Patients in the treatment group re-
ceived a single daily oral dose of 1.0 µg
1á(OH)D3 (active vitamin D3: 1.0 µg tablet)
for 18 months. The control group received a
placebo once a day. The 1á(OH)D3 and
placebo tablets in this trial were identical in
size, weight, colour, and taste. Vitamin D or
placebo preparations were taken in the morn-
ing. No dose adjustments were made at any
time in the study. Both groups were studied for
18 months of treatment. The patients’ clinical
status was assessed at baseline and followed up
every 2 weeks, at which times clinical status was
assessed, and non-vertebral fractures were
recorded. The frequency of falls was estimated
on the basis of interviews, and patients who
had fallen at least once in the 3 months before
recruitment were defined as “fallers”. The
number of falls per subject was also recorded
during the 18 months.

The patients completed a questionnaire
about diet and exposure to sunlight. The mean
weekly dietary vitamin D intake was calculated
for each patient, and patients who consumed
less vitamin D than the Japanese recommended
daily allowance (100 IU) were defined as low
dietary consumers of the vitamin. Exposure to
sunlight was assessed by the patients or family
members in terms of the preceding year, being
graded as almost none, less than 15 minutes a
week, or longer.

Using a computed x ray densitometer
(CXD; Teijin Limited, Tokyo, Japan),16 17 the
bone mineral density of the right second meta-
carpal bone was measured on the day of study
entry and 18 months later. The CXD method
measures bone density and cortical thickness at
the middle of the second metacarpal bone,
using a radiograph of the hand and an
aluminum step wedge as a standard (20 steps;
1 mm/step). The computer calculated bone
mineral density on the basis of the pattern
expressed as gradations along the aluminum
step wedge; bone mineral density was ex-
pressed as the thickness of an aluminum equiv-
alent (mm Al) showing corresponding x ray
absorption.

Serum 25-hydroxyvitamin D (25-OHD) was
determined using a competitive protein bind-
ing assay, and 1, 25-dihydroxyvitamin D (1,
25-[OH]2D) was determined by a radiorecep-

tor assay using calf thymus receptor (Nichols
Institute Diagnostics, San Juan Capistrano,
CA, USA; normal range at 65 to 75 years in our
laboratory, 18.5 to 24.7 ng/ml for 25-OHD and
40.4 to 58.8 pg/ml for 1, 25-(OH)2D). Ionised
calcium in serum prepared freshly under
anaerobic conditions was measured using an
ion-selective electrode and an ionised calcium
analyser (NOVA Biochemical, Newton, MA,
USA; normal range in elderly people 1.242 to
1.307 mmol/l). Serum intact parathyroid hor-
mone (PTH) was measured by a radioimmu-
noassay (RIA; Nichols Institute Diagnostics;
normal range for elderly people, 32 to 41
pg/ml). Intact bone Gla protein (BGP), an
osteoblastic bone formation marker,18 was
measured with an established enzyme immu-
noassay using antibodies to the N-terminal and
C-terminal regions of human BGP (Teijin
Diagnostics, Tokyo, Japan; normal range in
elderly people 2.5 to 11.5 ng/ml). The
pyridinoline cross linked carboxyterminal tel-
opeptide of type I collagen (ICTP), an
osteoclastic bone resorption marker,19 was
measured by RIA (Orion Diagnostica, Oulun-
salo, Finland; normal range for elderly subjects
6.0 to 8.2 ng/ml).

All statistical procedures were performed
using the Statview 4.11 software package
(Abacus Concepts, Berkeley, CA). Data are
presented as the mean (SD). Each variable
between placebo and treatment groups was
compared by an unpaired t test. Baseline
diVerences of categorical data were tested by ÷2

analysis. To examine the correlation between
serum 25-OHD concentration and PTH con-
centration, Spearman’s rank correlation coeY-
cients (SRCCs) were calculated. One way
analysis of variance (ANOVA) and Fisher’s
protected least significant diVerence were used
to assess the diVerences of PTH concentrations
between the three Parkinson’s disease groups
categorised by serum 25-OHD concentrations.
For bone mineral density measurements, indi-
vidual values and laboratory values were com-
puted and expressed as a percentage change
from baseline. The two groups were then com-
pared with respect to bone mineral density and
the laboratory values by using the Wilcoxon
rank sum test. DiVerence of fracture rate
between the two groups during the 18 months
was tested by Fisher’s exact test. p Values<5%
were considered statistically significant.

Results
CHARACTERISTICS OF STUDY SUBJECTS

Demographic and baseline clinical features of
study patients are presented in tables 1 and 2.
At entry, groups were comparable in age, sex,
duration of illness, Hoehn and Yahr stage, body
mass index, percentage of fallers, sunlight
exposure, dietary intake of vitamin D, bone
mineral density, and serum biochemical mark-
ers of bone metabolism. The 37% to 40% inci-
dence of fallers in the two groups was similar to
those previously reported for patients with
Parkinson’s disease with a mean Hoehn and
Yahr stage of 3.0.20 In addition, many patients
in both groups had been exposed to sunlight
less than 15 minutes a week because of reduced
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mobility. The mean vitamin D intake in both
groups was also less than the Japanese
recommended daily allowance. Bone mineral
density and serum biochemical markers of
bone metabolism at the baseline were not
significantly diVerent between the two groups.
Of the 86 patients initially enrolled, three in the
1á(OH)D3 group and three in the placebo
group left the study for non-compliance with
the study regimen (one in each group), loss to
follow up (one in each group), intercurrent ill-
ness (one placebo patient), or death (one
treated patient).

BONE CHANGES AND SERUM BIOCHEMICAL

MARKERS

As shown in table 2, bone mineral density in
both groups declined significantly below base-
line values over 18 months. The percentage
changes in bone mineral density were −1.2 (SD
3.7) in the treatment group and −6.7 (SD 2.6)
in the placebo group. The diVerence between
the groups was significant (p<0.0001, Wil-
coxon rank sum test).

At baseline, patients in both groups had low
serum 25-OHD and 1, 25-[OH]2D concentra-
tions, normal serum concentrations of ionised
calcium, normal serum PTH concentrations,
normal serum BGP concentrations, and low
normal serum ICTP concentrations (table 2).

During the 18 month study period, the per-
centage change diVerences between the two
groups were significant in increasing 1, 25-
[OH]2D and in decreasing ionised calcium,
PTH, BGP, and ICTP in the treatment group.
The diVerence in the change in 25-OHD con-
centration between the two groups was not sig-
nificant (table 2). In the treatment group, the
serum calcium concentration increased in 17
patients.

CORRELATION OF PARATHYROID HORMONE

CONCENTRATIONS WITH SERUM

CONCENTRATIONS OF 25-OHD

Serum 25-OHD concentration was defined as
deficient when <10 ng/ml, insuYcient when 10
to 20 ng/ml, and suYcient when >20 ng/ml.9 At
baseline, the mean PTH concentration was
significantly higher in patients with deficient
concentrations of 25-OHD (n=47; PTH, 40.7
(SD 22.8) pg/ml) and in patients with insuY-
cient concentrations of 25-OHD (n=29; PTH,
34.9 (SD 19.0) pg/ml) than in those with suY-
cient concentrations of 25-OHD (n=10; PTH,
20.4 (SD 5.1) pg/ml) (p=0.008 and 0.04
respectively). In 15 patients (17%), PTH con-
centrations were abnormally raised (above an
upper limit of 41 pg/ml, which represents the
mean+1SD of control subjects). All 15 patients
had deficient or insuYcient 25-OHD concen-
trations.

A negative correlation existed between the
serum 25-OHD concentration and PTH con-
centration (SRCC, r=−0.204, p=0.030), indi-
cating compensatory hyperparathyroidism in
patients with hypovitaminosis D.

INCIDENCE OF FRACTURES

During the 18 months of the study, fractures
caused by falls occurred in eight of 40 patients
in the placebo group (six with hip fractures,
including three women at Hoehn and Yahr
stage 4, one woman at stage 3, and two men at
stages 3 and 4; two other fractures at the radius
and ankle occurred including one woman and

Table 1 Demographic and baseline clinical characteristics of patients with Parkinson’s
disease at study entry

Characteristic
Placebo group
(n=43)

Vitamin D group
(n=43) p Value

Age (y) 70.7 (3.3) 70.5 (2.9) NS
Sex (M/F) 18/25 17/26 NS
Duration of illness (years) 7.1 (0.6) 7.2 (0.5) NS
Hoehn and Yahr stage 3.00 (0.19) 3.03 (0.14) NS
Body mass index (kg/m2) 21.1 (2.6) 20.9 (3.0) NS
Fallers (%) 16 (37) 17 (40) NS
Sunlight exposure:

15 minutes > (%) 8 (19) 6 (14) NS
15 minutes < or none (%) 35 (81) 37 (86) NS

Dietary intake of vitamin D
< 100 IU (%) 33 (77) 36 (83) NS

Values are mean (SD).

Table 2 Bone mineral density and various serum biochemical tests in the vitamin D and placebo groups at baseline and
after 18 months

BMD and serum index (reference range)† Baseline
Per cent change after 18 months follow up
(values at 18 months) p Value*

Bone mineral density (mm Al) (2.46 to 3.32):
Vitamin D 2.054 (0.388) −1.2 (3.7) (2.024 (0.375))
Placebo 2.007 (0.650) −6.7 (2.6) (1.859 (0.705)) < 0.0001

25-OHD (ng/ml) (18.5 to 24.7):
Vitamin D 11.0 (5.9) 7.9 (31.5) (11.3 (4.3))
Placebo 11.8 (6.9) −3.1 (22.5) (11.6 (6.4)) 0.37

1, 25-[OH]2D (pg/ml) (40.4 to 58.8):
Vitamin D 27.6 (6.2) 73.4 (57.8) (47.1 (16.1))
Placebo 28.4 (9.4) −2.4 (6.4) (26.9 (7.8)) < 0.0001

Ionised calcium (mmol/l) (1.242 to 1.307)
Vitamin D 1.279 (0.041) −1.7 (4.3) (1.255 (0.047))
Placebo 1.270 (0.034) 1.4 (4.9) (1.287 (0.039)) 0.0018

Intact PTH (pg/ml) (32 to 41)
Vitamin D 35.1 (21.6) −35.3 (39) (17.9 (5.3))
Placebo 36.3 (20.5) −3.9 (6.5) (34.0 (18.8)) < 0.0001

Intact BGP (ng/ml) (2.5 to 11.5)
Vitamin D 7.91 (3.47) −39 (58) (4.50 (2.44))
Placebo 7.81 (3.06) 11 (23) (8.41 (3.25)) < 0.0001

ICTP (ng/ml) (6.0 to 8.2)
Vitamin D 4.59 (2.43) −12.2 (7.2) (3.65 (1.06))
Placebo 4.64 (1.69) −2.9 (3.1) (4.54 (1.75)) < 0.0001

Values are mean (SD). BMD=bone mineral density; 25-OHD=5-hydroxyvitamin D; 1, 25-[OH]2D=1, 25-dihydroxyvitamin D;
PTH=prarthyroid hormone; BGP=bone Gla protein; ICTP=pyridinoline cross linked carboxyterminal telpeptide of type I collagen.
* p Value from Wilcoxon rank sum test.
† Reference ranges for our laboratory in normal subjects older than 65 years; n=33, except for ionised calcium.

66 Sato, Manabe, Kuno, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.66.1.64 on 1 January 1999. D

ow
nloaded from

 

http://jnnp.bmj.com/


one man at stage 4). One hip fracture occurred
in the treatment group in a woman at stage 4
(p=0.003). The odds ratio for non-vertebral
fractures among patients in the placebo group
compared with those in the vitamin D3 group
was 9.8 (95% confidence interval, 4.7 to 20.2).
The number of non-vertebral fractures per
1000 patient-years was 17 and 167 for the
1á(OH)D3 and placebo groups respectively.
There was no significant diVerence between
the two groups in the number of falls per sub-
ject during the 18 months (1.3 (SD 1.9) in the
placebo group and 1.4 (SD 1.8) in the vitamin
D group).

Discussion
The provitamin 1á(OH)D3 is converted in the
liver to 1, 25(OH)2 D3; the vitamin D deriva-
tive (calcitriol) reduces the rate of new
vertebral fractures in postmenopausal
osteoporosis.21 Treatment with 1á(OH)D3 has
been shown to stimulate intestinal calcium
absorption and bone mineralisation, as evi-
denced by reports of bone mineral density
increases in lumbar vertebrae, the radius, and
the greater trochanter after treatment.10–13

Treatment can decrease the rate of vertebral
fractures in elderly and postmenopausal
women,10–14 as well as hip fractures on the
hemiplegic side of elderly patients after
stroke.15 In addition, administration of 1 µg
1á(OH)D3/day depresses bone turnover and
increases the bone mineral density in patients
with senile osteoporosis.14 The results of the
present study suggest that use of
1á(OH)D310 11 14 in patients with Parkinson’s
disease may be beneficial.

Firstly, we showed that among the elderly
patients with Parkinson’s disease who com-
pleted the 18 month study, the number of hip
fractures and other non-vertebral fractures was
17.5% lower among the patients treated with
1á(OH)D3 than among those who received
placebo. The incidence of non-vertebral frac-
tures during the 18 months among the placebo
group was as high as 20.0%, indicating a frac-
ture rate of 167/1000 patient-years. By con-
trast, in a previous study the non-vertebral
fracture rate in elderly men and women who
were living in the community was reported to
be 6.5%/18 months,22 and the fracture rate/
1000 patient-years has been reported to be 116
in elderly women.23 The high incidence of non-
vertebral fractures in elderly patients with Par-
kinson’s disease may be attributable to osteo-
penia due to hypovitaminosis D and a high
prevalence of falls. The beneficial eVect of
1á(OH)D3 in reducing the high incidence of
non-vertebral fractures in this population is
noteworthy. As the number of falls was similar
in the two groups during the observation
period, 1á(OH)D3 may prevent non-vertebral
fractures even in patients with Parkinson’s dis-
ease with frequent falls.

Secondly, 1á(OH)D3 was shown to attenu-
ate further bone loss, as evidenced by slowing
of metacarpal bone mineral density reduction
in patients receiving 1á(OH)D3. Other reports
on senile or postmenopausal osteoporosis,
however, have shown that treatment with

1á(OH)D3 increased bone mineral density
during an observation period between 7
months and 5 years.10–13 24 Loss of bone mineral
density of the femoral neck, spine, and total
body in elderly patients of both sexes without
treatment has been reported to be less than 1%
even after 3 years.22 In the present study, we
found that bone loss is greater in patients with
Parkinson’s disease. Bone mineral density
decreased 6.7% and 1.2% in the placebo and
1á(OH)D3 groups, respectively. This result
implies that, in addition to senile osteoporotic
changes, vitamin D deficiency with compensa-
tory hyperparathyroidism can cause osteopenia
in elderly patients with Parkinson’s disease.
The present study showed a strong negative
correlation between 25-OHD and PTH, with
an abnormally raised PTH value in 15 patients
when the 25-OHD concentrations were defi-
cient or insuYcient. Thus although the PTH
value at baseline was normal, compensatory
hyperparathyroidism existed in these patients,
especially in the setting of low 25-OHD
concentrations with normocalcaemia.

These bone mineral density measurements
were determined by CXD of the second meta-
carpal. CXD approaches dual energy x ray
absorptiometry (DXA), the accepted standard
method of bone mass measurement,25 in preci-
sion. The precision errors (coeYcient of varia-
tion (CV)) of the CXD technology were 0.2 to
1.2% for bone mineral density. Matsumoto et
al26 have compared the accuracy of CXD and
DXA in bone mineral density determination.
In 251 healthy women, they measured the bone
mineral density in the metacarpal by CXD and
used DXA in the vertebrae (L2-L4), femoral
neck, and the skeleton; nearly identical bone
mineral density was found by the two methods.
Other investigators have found metacarpal
bone density to correlate with lumbar bone
mineral density determined by DXA.27Our
previous study in stroke patients also showed
that the degree of bone mineral density reduc-
tion in the second metacarpal of the hemiplegic
side, as determined by the CXD method used
in the present study, correlated with the risk of
hip fractures on that side.15 Therefore, reduc-
tion in bone mineral density in the second
metacarpals in patients with Parkinson’s dis-
ease, as found in this study, most likely reflects
a generalised decrease in bone mineral density
in the whole skeleton.

Thirdly, we demonstrated that in patients
with Parkinson’s disease 1á(OH)D3 increases
serum concentrations of 1, 25-[OH]2D. Con-
versely, such treatment decreases serum con-
centrations of calcium, PTH, BGP, and ICTP.
This eVect implies that treatment with
1á(OH)D3 inhibits development of compensa-
tory hyperparathyroidism and diminishes bone
turnover. Decreased serum calcium in the
treatment group was unexpected, as
1á(OH)D3 usually increases serum calcium
concentrations.15 Inhibition of hyperparathy-
roidism by the 1á(OH)D3 may overshadow the
increase of calcium. Indeed, the serum calcium
concentration increased in only 17 patients in
the treatment group.
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In addition, at baseline, the intact BGP and
ICTP concentrations were not increased de-
spite the presence of compensatory hyperpar-
athyroidism. The fact that normocalcaemia
was accompanied by a reduction in both 1,
25-[OH]2D and bone mineral density in
patients with Parkinson’s disease indicates that
vitamin D deficiency related osteopenia is
caused not by hypocalcemia but by a direct
inhibitory eVect on osteoblasts, which regulate
mineralisation by producing BGP. This hy-
pothesis may explain the normal BGP concen-
trations at baseline. Also, normal ICTP con-
centrations may be caused by the very low
concentration of 1, 25-[OH]2D, which at
higher concentrations would activate osteoclas-
tic bone resorption. None the less, bone turno-
ver was depressed by inhibition of PTH secre-
tion. The mechanism by which 1á(OH)D3
inhibits further bone mineral density loss and
prevents fractures seems to involve stimulation
of bone mineralisation and inhibition of
compensatory hyperparathyroidism rather
than stimulation of intestinal calcium absorp-
tion.

We found that 1á(OH)D3 slows the decrease
in bone mineral density and loss of bone mass
and prevents non-vertebral fractures in Parkin-
son’s disease. Combining 1á(OH)D3 with an
agent which increases bone mass, such as
calcitonin28 or bisphosphonate,29 30 may in-
crease bone mass while preventing non-
vertebral fractures. Such study could include
subgroup analysis by age to decide at what age
therapy is required and would require a large
community based trial over a longer period
using DXA.
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This article has been retracted. The editor received a letter from Dr Yoshihiro Sato retracting 
this article and two others also published in Journal of Neurology Neurosurgery and Psychiatry. 
Dr Sato states the reason for retraction as ‘due to scientific misconduct. All co-authors did 
not participate study design, data collection, data analysis, interpretation of data and drafting 
manuscripts in these 3 articles. Thus, all co-authors are honorary.’

Despite repeated requests for further explanation, we have not received any response from 
Dr Sato’s institution.

It was brought to our attention that several other journals have retracted articles by Dr Sato. 
Neurology published an article ‘Systematic review and statistical analysis of the integrity of 33 
randomized controlled trials’ by Boland et al1 indicating that the data in those trials were not 
reliable. The data supplement for the article in Neurology lists the three papers published in 
Journal of Neurology Neurosurgery and Psychiatry providing evidence that the reported find-
ings in those articles are unreliable.
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