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Expression of concern

Effect of immobilization on vitamin D status and bone mass in chronically hospitalized
disabled stroke patients

YOSHIHIRO SATO, HARUKO KUNO, TAKESHI ASOH, YOSHIAKI HONDA, KOTARO OIZUMI

Age and Ageing (1999) 28: 265–269, doi: 10.1093/ageing/28.3.265

The Editor has been alerted by readers (14th August 2018)
to concerns about the integrity of the above paper. The
issues raised include the following;

• There is a lack of information in the paper about key
aspects of governance, with no ethics or funding statement,
and no information provided on the laboratory conducting
the biochemical measures reported in the study.

• The numbers recruited to the study are implausibly high,
given the short recruitment window and the limited cap-
acity of the hospital in which the work was conducted.

• Some of the data values reported in the study are dupli-
cated in other publications by Sato et al. This includes in
retracted papers in European Neurology [1] and Archives
of Physical Medicine and Rehabilitation [2] and a paper in
Bone [3].

• Readers should also note that there have been numerous
expressions of concern and retractions for other research
papers from this group [4].

The Editor has contacted the authors of the Age and
Ageing paper and the institution under whose aegis the
research was conducted, raising the above issues. No
responses have been received from any of these parties.

This Expression of Concern should be taken to indicate that
the data presented in the article named above may not be reliable.
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Abstract

Objective: to assess the influence of immobilization upon vitamin D status and bone mass in chronically
hospitalized, disabled, elderly patients following stroke.
Design: cross-sectional study.
Setting: department of geriatric neurology in a Japanese hospital.
Subjects: 129 chronically hospitalized, disabled, elderly stroke patients and 28 age-matched controls.
Results: we observed a deficiency of both 1,25-dihydroxyvitamin D (1,25-[OH]2D; 24.3 pg/ml) and 25-
hydroxyvitamin D concentrations (25-OHD; 11.7 ng/ml) in stroke patients compared with controls. A high serum
ionized calcium (mean; 2.648 mEq/l) was an independent determinant of the Barthel index (66) and 1,25-[OH]2D.
When the patients were categorized into three groups by 25-OHD level (deficient, insufficient and sufficient), there
was no difference in the mean 1,25-[OH]2D levels. Parathyroid hormone levels were normal or low and did not
correlate with 25-OHD. Serum bone turnover variables and bone mineral density (BMD) of the second metacarpal in
patients were significantly decreased compared to control subjects. Independent determinants of BMD included
Barthel index, 25-OHD and 1,25-[OH]2D.
Conclusions: 1,25-[OH]2D deficiency in immobilized stroke patients is not caused by substrate (25-OHD)
deficiency but by hypercalcaemia. Immobilization-induced hypercalcaemia may inhibit parathyroid hormone
secretion and thus 1,25-[OH]2D production, resulting in decreased BMD. Immobilization itself also may be
responsible for decreased BMD. Exogenous 1,25-[OH]2D (calcitriol) rather than dietary vitamin D supplementation
may be required in disabled elderly stroke patients who have a deficiency of 1,25-[OH]2D in order to prevent hip
fractures, which frequently occur in this population.

Keywords: hypercalcaemia, immobilization, stroke, vitamin D

Introduction

There is a high incidence of hip fracture in stroke
patients [1–5], especially elderly women (odds ratio,
2.0) [6]. The relationship between immobility and
osteoporosis is well established [7]. We have previously
reported that, following hemiplegic stroke, bone loss
on the paralysed side is proportionate to the degree of
paralysis and to vitamin D deficiency [8, 9].

To assess skeletal status in chronically hospitalized,
elderly patients with stroke, we measured bone
changes and biochemical indices of bone metabolism
and turnover.

Methods

Stroke patients from the Futase Geriatrics Hospital (a
long-term care unit) in Iizuka, Japan, were screened by
history and chart review. Exclusion criteria included:
age younger than 65 years, total disability, quadripar-
esis, less than 2 years of hospitalization, diseases or use
of medications that might interfere with vitamin D
metabolism, primary disease other than stroke or time
spent outside the hospital during the past 6 months.
Also, patients with stroke were excluded if they had
other known causes of osteoporosis, such as hyper-
parathyroidism or renal osteodystrophy; impairment of
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hepatic, renal (serum creatinine > 2.0 mg/dl), cardiac
or thyroid function. Of 321 individuals screened, 129
(70 women and 59 men) were eligible to participate in
the study. Informed consent was obtained from all
patients in the presence of a witness.

According to the Classification of Cerebrovascular
Diseases III of the National Institute of Neurological
Disorders and Stroke [10], strokes were classified as
brain infarction (n = 59), brain haemorrhage (n = 23),
subarachnoid haemorrhage (n = 10) and vascular
dementia with features of parkinsonism (n = 37). Of
these, 89 patients had hemiplegia.

As controls, 28 age-matched residents of the local
community (14 women and 14 men) with no vertebral
fractures were recruited.

Data collection

We collected data from July 1996 to August 1996 (the
summer season in Japan). The Barthel index (BI) [11]
and duration of illness were recorded for all patients.
Body mass index and hand grip strength on the intact
side in hemiplegic patients and on the right side in non-
hemiplegic subjects were recorded for patients and
controls.

On the day of bone evaluation for patients and
controls, a fasting blood sample was obtained in
the morning. 25-hydroxyvitamin D (25-OHD), 1,25-
dihydroxyvitamin D (1,25-[OH]2D), intact parathyroid
hormone (PTH), intact bone Gla protein (BGP; an
osteoblastic bone formation marker [12]), pyridinoline
cross-linked carboxy-terminal telopeptide of type I
collagen (ICTP; an osteoclastic bone resorption marker
[13]) and ionized calcium concentrations were meas-
ured in patients and control subjects, as described
previously [9].

Plain radiographs of the right hand in non-
hemiplegic patients and the intact side in hemiplegic
patients were used to determine bone changes based
on an aluminium step scale. Bone mineral density
(BMD) was calculated at the centre of the second
metacarpal using computed X-ray densitometry as
described previously [14, 15].

Vitamin D intake was determined in patients by a
7-day food record. Information on sunlight exposure
was obtained from the patients’ hospital charts.

Data are presented as means 6 SD. Student’s t-test
was used to assess the significance of differences
between stroke patients and controls. Spearman’s rank
correlation coefficients were calculated to determine
the relationship between each variable. Multivariate
linear regression analysis was used to estimate the
independent effects of predictor variables on BMD, BI
or 1,25-[OH]2D in stroke patients. One-way ANOVA
and Fisher’s protected least significant difference were
used to assess differences between the three stroke
groups categorized by 25-OHD levels. P values of < 5%
were considered statistically significant.

Results

Clinical characteristics of study subjects

Results are presented in Table 1. Group composition
did not differ between patients and controls with
respect to age or gender. Grip strength and body mass
index were lower in patients than in controls. Mean
duration of hospitalization was 4.6 years. Mean BI score
was 66. Thus, all patients had limited mobility that
prevented them from venturing outdoors and conse-
quently they were in a sunlight-deprived state. Ten
patients (8%) consumed less vitamin D than the
Japanese recommended daily allowance (100 IU). All
70 female patients were postmenopausal.

Serum indices of bone metabolism and bone
mineral density

The mean serum concentrations of 25-OHD, 1,25-
[OH]2D, calcium, intact PTH, intact BGP and ICTP are
presented for all cohorts in Table 2. Patients had low
25-OHD (mean 11.7 ng/ml) and 1,25-[OH]2D (mean
24.3 pg/ml) concentrations, high concentrations of
ionized calcium, normal or low PTH concentrations
and decreased BGP and ICTP concentrations. BMD in
hospitalized patients was significantly decreased com-
pared with control subjects. There was no significant
difference of serum creatinine levels between the two
groups. No significant differences with respect to
gender were seen between the serum concentrations
of 25-OHD, 1,25-[OH]2D, calcium, PTH, BGP or ICTP.

Relationships between BMD, BI or vitamin D and
each variable

BMD correlated with the BI score (r = 0.351, P <
0.0001), 25-OHD, 1,25-[OH]2D, BGP and ICTP con-
centrations, but not with calcium and PTH concentra-
tions or hand grip strength (P = 0.26; Table 3). The BI
score correlated positively with 25-OHD or 1,25-
[OH]2D and negatively with calcium. In addition,
serum ionized calcium correlated negatively with 25-
OHD, 1,25-[OH]2D and ICTP, and 1,25-[OH]2D corre-
lated negatively with calcium and ICTP. Serum creati-
nine did not correlate with any indices. There was no
correlation between 25-OHD and PTH (P = 0.0829).
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Table 1. Clinical characteristics of study subjects

Controls Patients
Variable (n = 28) (n = 129) P value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 70.2 6 4.1 71.2 6 4.7 0.57
Gender (M/F) 14/14 59/70 0.68
Duration of illness (years) – 4.6 6 2.9 –
Barthel index – 66 6 31 –
Grip strength (kg) 23 6 6 13.8 6 4.9 < 0.0001
Body mass index (kg/m2) 22.3 6 2.0 20.7 6 3.4 0.0066
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Multiple regression analysis

The results of multiple regression analysis with BMD,
BI and 1,25-[OH]2D as dependent variable are shown in
Table 4. BI, 25-OHD and 25-[OH]2D were significantly
related to BMD; 25-[OH]2D, ionized calcium, ICTP and
BMD to BI; and BI and calcium to 25-[OH]2D.

Correlation of 1,25-[OH]2D concentration with
serum levels of 25-OHD

Serum 25-OHD concentration was defined as deficient
when less than 10 ng/ml, insufficient at 10–20 ng/ml
and sufficient when exceeding 20 ng/ml [9]. No
significant difference in the mean 1,25-[OH]2D levels
between the three groups was noted (ANOVA, P =
0.39). The serum concentrations of 1,25-[OH]2D were
23.1 6 12.0 pg/ml in patients with deficient levels of
25-OHD (n = 55), 24.9 6 12.4 pg/ml in patients with
insufficient levels (n = 68) and 29.7 6 11.7 pg/ml in
patients with sufficient levels (n = 6).

Discussion

Previous studies have evaluated the vitamin D and
calcium status of patients in long-term care [16–20].
25-OHD deficiency with compensatory hyperparathy-
roidism has been described in this population [17, 19,

20]. These studies showed 25-OHD deficiency caused
by sunlight deprivation and low vitamin D intake [17–
20] is associated with only a slight decrease in the
concentration of 1,25-[OH]2D (the most active meta-
bolite form of vitamin D) in old people in nursing
homes [19, 20]. The populations studied have had a
wide variety of medical diagnoses, including stroke. We
examined elderly patients who were hospitalized
chronically for the sequelae of stroke to assess the
bone status of this population.

The mean serum 25-OHD concentration in our
population was similar to that previously reported for
elderly people in nursing homes [17–20]. Generally,
immobilization-induced hypercalcaemia is associated
with conditions in which bone turnover is high, as in
children or adolescents with acute neurologic diseases
(such as poliomyelitis or spinal cord injury [21–25]).
The serum ionized calcium level is chronically low in
isolated 25-OHD deficiency, resulting in feedback
stimulation of the parathyroid glands, which causes
secondary hyperparathyroidism.

In the present study, PTH was normal or low and no
correlation between 25-OHD and PTH was found.
Thus, compensatory hyperparathyroidism may not
occur in spite of 25-OHD deficiency because inhibition
of the parathyroid gland by hypercalcaemia may
have overshadowed compensatory PTH secretion. We

Hypovitaminosis in hospitalized stroke patients
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Table 2. Biochemical data and bone mineral density in patients and controls

Mean value 6 SD
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Controls Patients
Variable (n = 28) (n = 129) Student’s t-test
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

25-hydroxyvitamin D (ng/ml) 25.2 6 4.0 11.7 6 5.3 < 0.0001
1,25-dihydroxyvitamin D (pg/ml) 57.4 6 14.0 24.3 6 12.2 < 0.0001
Ionized calcium (mEq/l) 2.529 6 0.105 2.648 6 0.232 0.0089
Intact parathyroid hormone (1–84) (pg/ml) 34.5 6 12.0 29.4 6 17.5 0.14
Bone Gla protein (ng/ml) 6.415 6 3.529 4.527 6 2.371 0.0015
ICTP (ng/ml) 9.416 6 4.626 7.076 6 1.171 0.0077
Creatinine (mg/dl) 1.024 6 0.307 1.143 6 0.396 0.13
Bone mineral density (mmAl) 2.574 6 0.354 2.248 6 0.525 0.0018

ICP, pyridinoline cross-linked carboxy-terminal telopeptide of type I collagen.

Table 3. Correlation between variables

Variable BMD Barthel index Ionized calcium 1,25-[OH]2D
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

25-hydroxyvitamin D 0.387 0.452 ¹0.254a 0.127c

1,25-dihydroxyvitamin D 0.203b 0.245a ¹0.625 –
Ionized calcium ¹0.070c ¹0.398 – ¹0.625
Parathyroid hormone ¹0.053c – ¹0.030c ¹0.018c

Bone Gla protein 0.182b 0.002c 0.047c 0.017c

ICTP ¹0.203b 0.001c 0.219b ¹0.288a

Creatinine ¹0.004c 0.063c ¹0.028c ¹0.064c

Values represent Spearman’s rank correlation coefficients with the probability values symbolized as follows:
P < 0.0001, aP < 0.01, bP < 0.05, cP > 0.05.
BMD, bone mineral density; ICTP, pyridinoline cross-linked carboxy-terminal telopeptide of type I collagen.
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found no significant difference in 1,25-[OH]2D levels
between the three stroke groups categorized by 25-
OHD level. Also, there was no correlation between
creatinine and 1,25-[OH]2D levels in these patients.
Multiple regression analysis demonstrated that calcium
level and BI were independent determinants of 1,25-
[OH]2D. These results suggest that 1,25-[OH]2D
deficiency is not caused by substrate (25-OHD)
deficiency but by hypercalcaemia. Hypercalcaemia
may inhibit PTH secretion and thus, 1,25-[OH]2D
production in the kidney. Since calcium was an
independent determinant of BI, the hypercalcaemia
may be caused by immobilization. The observed 25-
OHD deficiency due to sunlight deprivation has been
previously reported [9].

In addition, we demonstrated that BI, 25-OHD and
1,25-[OH]2D were the independent determinants of
decreased BMD in this population. This finding
suggests that immobilization may cause hypovitami-
nosis D. In hemiplegic stroke, dependency in the
activities of daily living results in decreased mobility of
the contralateral limb, as evidenced by weakness in the
fingers of the contralateral side compared with
controls. Weakness also occurred in non-hemiplegic
patients as reflected in low activities of daily living
scores. Osteopaenia was not due to weakness in the
hand used for BMD measurement or PTH concentra-
tion, since no correlations were observed between
BMD and hand grip strength or PTH concentration.

In the older, long-term care stroke patients assessed
in this study, bone remodelling may almost reach
equilibrium, resulting in a steady rate of bone loss [26].
Indeed, decreases in the serum BGP and ICTP
concentrations were observed and biochemical indices
of bone turnover did not differ significantly between
genders—probably because older patients were used
in this study. ICTP was an independent determinant of
BI. This indicates that prolonged immobilization results
in increased bone resorption.

Although a longitudinal study would have been
desirable to assess continuous changes of bone and
biochemical parameters which occur during after
stroke, this cross-sectional study has demonstrated
the influence of immobilization on BMD, vitamin D
status and bone turnover variables in chronically
hospitalized, disabled stroke patients. Dietary vitamin
D supplementation with cholecalciferol can reduce
bone loss or prevent nonvertebral fractures in elderly
patients. This treatment increases serum 25-OHD
concentrations and consequently, inhibits PTH secre-
tion [27, 28]. However, exogenous 1,25-[OH]2D
(calcitriol or its analogue) [15, 29] rather than dietary
vitamin D supplementation may be required in
dependent elderly stroke patients with deficiencies of
1,25-[OH]2D to prevent the hip fractures on the
hemiplegic side [1–5]. In addition, calcitonin treat-
ment may lower immobilization-induced hypercalcae-
mia, which tends to suppress 1,25-[OH]2D production
[30, 31].

Key points
• A deficiency of both 1,25-dihydroxyvitamin D (1,25-

[OH]2D; 24.3 pg/ml) and 25-hydroxyvitamin D (25-
OHD; 11.7 ng/ml) and a high serum ionized calcium
(mean, 2.648 mEq/l) are present in chronically
hospitalized, disabled stroke patients.

• Hypercalcaemia may be caused by immobilization.
• 25-[OH]2D deficiency is not caused by substrate

(25-OHD) deficiency but by hypercalcaemia. Immo-
bilization-induced hypercalcaemia inhibits PTH
secretion and thus, 1,25-[OH]2D production.

• Bone mineral density (BMD) of the second meta-
carpal in patients was significantly decreased
compared to control subjects and independent
determinants of BMD were the Barthel index, 25-
OHD and 1,25-[OH]2D.
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Table 4. Multiple regression analysis of bone mineral density, Barthel index and 1,25-dihydroxyvitamin D with each index
selected as independent variable

Bone mineral density Barthel index 1,25-dihydroxyvitamin D
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SC P SC P SC P
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Barthel index 0.266 0.0081 – – 0.151 0.0362
Bone mineral density – – 0.221 0.0075 ¹0.145 0.12
25-hydroxyvitamin D 0.282 0.0018 ¹0.092 0.24 – –
1,25-dihydroxyvitamin D 0.152 0.0323 0.213 0.0015 – –
Ionized calcium – – ¹0.276 0.0009 ¹0.190 0.0352
Bone Gla protein 0.027 0.74 – – – –
ICTP ¹0.148 0.09 ¹0.281 0.0005 ¹0.181 0.057
Multiple R 0.251 0.613 0.379
Adjusted R2 0.501 0.375 0.144
F 7.994 14.303 6.027

SC, standardized coefficient. ICTP, pyridinoline cross-linked carboxy-terminal telopeptide of type I collagen. D
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• Exogenous 1,25-[OH]2D (calcitriol) rather than
dietary vitamin D supplementation may be required
in disabled elderly stroke patients who have a
deficiency of 1,25-[OH]2D to help prevent hip
fractures.
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